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Foreword 


прев о of the U.S. Geological Survey (USGS) Minerals Yearbook discusses the performance of the worldwide minerals and 
шй industries during 2010 and provides background information to assist in interpreting that performance. Content of the 
dividual Minerals Yearbook volumes follows: 
‚ Volume I, Metals and Minerals, contains chapters about virtually all metallic and industrial mineral commodities important to 
te US. economy. Chapters on survey methods, summary statistics for domestic nonfuel minerals, and trends in mining and 
ing in the metals and industrial mineral industries in the United States are also included. 
‚ Volume II, Area Reports: Domestic, contains а chapter on the mineral industry of each of the 50 States and Puerto Rico and the 
Administered Islands, This volume also has chapters on survey methods and summary statistics of domestic nonfuel minerals. 
‹ ішпе ITI, Area Reports: International, is published as four separate reports. These regional reports contain the latest available 
Шегі data on more than 180 foreign countries and discuss the importance of minerals to the economies of these nations 
and the United States. Each report begins with an overview of the region's mineral industries during the year. It continues with 
individual country chapters that examine the mining, refining, processing, and use of minerals in each country of the region and 
how each country’s mineral industry relates to U.S. industry. Most chapters include production tables and industry structure 
tbles, information about Government policies and programs that affect the country’s mineral industry, and an outlook section. 


_ №0565 continually strives to improve the value of its publications to users. Constructive comments and suggestions by readers 
ofthe Minerals Yearbook are welcomed. | 


Marcia K. McNutt, Director 


iii 


Contacts | 


Information about the U.S. Geological Survey, its programs, staff, and products may be accessed on the Internet at http://www. 
usgs.gov or by contacting the Earth Science Information Center at 1-888-ASK-USGS. For specific information about this publication, 7 
contact the Chief, Mineral Commodities Section, at (703) 648-4976; or the Team Secretary at (703) 648-4961. Additional minerals | 
information may be accessed on the Internet at http://minerals.usgs.gov/minerals. 
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SURVEY METHODS FOR NONFUEL MINERALS 
By Jeffrey P. Busse 


The U.S. Geological Survey (USGS) collects worldwide data 
on virtually every commercially important nonfuel mineral 
commodity. These data form the basis for tracking and assessing 
the health of the minerals sector of the U.S. economy. 

The USGS data collection activity was instituted by the 47th 
Congress in the appropriations act of August 7, 1882 
(22 Stat. 329), which placed the collection of mineral statistics 
on an annual basis. The most recent authority for the USGS 
survey activity is the National Materials and Minerals Policy, 
Research and Development Act of 1980 (Public Law 96-479, 94 
Stat. 2305). The Act included provisions to strengthen protection 
for proprietary data provided to the U.S. Department of the 
Interior by persons or firms engaged in any phase of mineral or 
mineral-material production or consumption. 


Data Collection Surveys 


The USGS begins the collection of domestic nonfuel 
minerals and materials statistics by appraising the information 
requirements of government and private organizations of the 
United States. Requirements that can be met by collecting data 
fom minerals establishments are posed as questions on USGS 
surveys. Figure 1 shows a typical survey form. 

Specific questions about mineral commodity activities, such 
is production, shipments, consumption, and recycling are 
siuctured in the survey forms to provide meaningful aggregated 
tata Thus, the entire mineral economic cycle from exploration 
and production through recycling is covered by approximately 
150 monthly, quarterly, semiannual, and annual surveys. 

After the survey form has been designed, a list of the 
‘Ppropnate establishments to be canvassed is developed. 

Hy sources аге used to determine which companies, mines, 
thm other operations are included on the survey mailing 
сву : 2. Federal organizations (such as the Mine 
5. th Administration), trade associations, industry 
dii ie = S publications and directories are 

а Wi fee eid used to develop and update survey 
заед, = à е : complete census of the list of 

m 

тна inge er than a за ple survey. 
убит on Act requires that any Government 
iid ants to collect information from 10 or more 

Оа or establishments must first obtain approval fro 
m the 


Ovemment paperw : dr xi 
cont б. : 2. approval is indicated by the ОМВ 


Survey Processing 


The USGS ¢ 
urve i 
Each year the Us У$ approximately 20,000 establishments. 


Pinte e mails about 32,000 forms for 
бт оа gu Surveys. Each completed survey 
GS undergoes extensive analysis 


including com 
puter ized b e 


accuracy of the mineral data. The statistical staff monitors all 
surveys to ensure that errors are not created by reporting in 
physical units different from the units requested on the form. 
Relations between associated measures, such as produced crude 
ore and marketable crude ore, are analyzed for consistency. 
Engineering variables, such as recovery factors from ores and 
concentrates, also are used. The totals for each form are verified, 
and currently reported data are checked against prior reports to 
detect possible errors or omissions. 

The USGS has developed a Web-based electronic forms 
system as required by the Government Paperwork Elimination 
Act (GPEA). This electronic system was designed to speed the 
collection and analysis of ininerals information. As of December 
2010, approximately 100 canvass forms, accounting for all the 
annual responses covered by GPEA, are available electronically. 

Survey Кеѕропѕеѕ. — То enable the reader to better understand 
the basis on which the statistics are calculated, each mineral 
commodity chapter includes a section about domestic data 
coverage. This section briefly describes the data sources, the 
number of establishments surveyed, the response percentage, 
and the method of estimating the production or consumption for 
nonrespondents. 

To produce reliable aggregated data, the USGS uses efficient 
procedures for handling instances of nonresponse. Failure to 
respond to the initial survey results in a second contact, this is 
either a second mailing of the paper form or an email in the case 
of electronic respondents. If the second request does not produce 
a response, then telephone calls are made to the nonrespondents. 
The followup calls provide the necessary data to complete 
the survey forms and (or) to verify questionable data entries. 
Periodic visits to mineral establishments also are made by 
USGS mineral commodity specialists to gather missing data 
and to explain the importance of the establishment's reporting. 
By describing the use of the published statistics and showing 
the impact of nonresponse, the USGS strives to encourage 
respondents to give complete and accurate replies. 

The OMB publication “Guidelines for Reducing Reporting 
Burden" stipulates that the minimum acceptable response rate 
is 7596 of the panel surveyed. In addition, the USGS strives for 
a minimum reporting level of 75% of the quantity produced or 
consumed (depending on the survey) for certain key statistics. 
Response rates are periodically reviewed. For those surveys 
that do not meet the minimum reporting level, procedures are 
developed and implemented to improve response rates. 

Estimation for Nonresponse.—When efforts to obtain a 
response to a survey fail, estimation or imputation techniques 
must be used to account for missing data. Some of the 
estimation methods depend on knowledge of prior establishment 
reporting; other techniques rely on external information to 
estimate the missing data. When survey forms are received 
after the current publication has been completed, the forms are 
reviewed, necessary imputations are made for missing data, and 


1.1 


the survey database is updated. The revised data are reported in 
later publications. 

Protection of Proprietary Data.—The USGS relies on 
the cooperation of the U.S. minerals industry to provide 
the mineral data that are presented in this and other USGS 
minerals information publications. Without a strong response 
to survey requests, the USGS would not be able to present 
reliable statistics. The USGS, in turn, respects the proprietary 
nature of the data received from the individual companies and 
establishments. To ensure that proprietary rights will not be 
violated, the USGS analyzes each of the aggregated statistics 
to determine if the data reported by an individual establishment 
can be deduced from the aggregated statistics. If, for example, 
there are only two significant producers of a mineral commodity 
in a given State, then the USGS will not publish the State total 
because either producer could readily estimate the production of 
the other. It is this obligation to protect proprietary information 
that results in the withheld entries indicated with the symbol 
“W” in the published tables. If a company gives permission in 
writing, however, then the USGS will publish the data as long as 
the data from other respondents are protected from disclosure. 


International Data 


International data are collected by USGS country specialists 
and international data coordinators. The data are gathered from 
various sources, which include published reports of foreign 
Government mineral and statistical agencies, international 
organizations, the U.S. Department of State, the United Nations, 
the Organization of the Petroleum Exporting Countries, and 
personal contact by specialists traveling abroad. Each February, 
minerals questionnaires requesting estimates of mineral 
production for the country for the preceding year are sent to 
foreign organizations. Missing data are estimated by USGS 
country specialists on the basis of historical trends and the 
specialist's knowledge of current production capabilities in each 


country. 


Publications 


The USGS disseminates current and historical minerals 
information through printed publications and its Web site. | 
Printed Publications.—The Minerals Yearbook summarizes 
annually, on a calendar-year basis, the significant economic and 
the mineral industries. Three volumes 


technical developments in : 
are issued each year—volume 1, Metals and Minerals; volume 


IL Area Reports: Domestic; and volume III, Area Reports: 
International. Volume I presents, by mineral commodity, 
salient statistics on production, trade, consumption, and other 


measures of economic activity. Volume II reviews the U.S. . 
minerals industry by State and island possessions. Volume III is 
published as four separate regional reports that cover more than 
175 foreign countries; these reports contain individual country 
chapters that examine the mining, refining, processing, and use 
of minerals in each country in the region and how they relate to 
U.S. industry. Volume III chapters also contain information on 
fuels. 

The Mineral Commodity Summaries (MCS), which is an 
up-to-date summary of more than 90 individual minerals and 
materials, is the earliest Government publication to furnish 


estimates that cover the previous year’s nonfuel mineral industry 


data. It contains information on the domestic industry structure, 
Government programs, tariffs, 5-year salient domestic statistics, 
and a summary of significant events, trends, and issues in the 
domestic and international minerals industry during the past 
year. 

The Minerals Yearbook and the MCS may be purchased 
by mail from the U.S. Government Printing Office, P.O. Box 


979050, St. Louis, MO 63197-9000; telephone, (202) 512-1800 


or (866) 512-1800 (toll-free); Web site, http:// 
bookstore.gpo.gov. 

Electronic Publications.—Current and historical minerals 
information is available through the USGS Web site at http:// 
minerals.usgs.gov/minerals/. The Web site provides USGS 
minerals information products as well as USGS contacts for 
minerals information and links to other mineral-related sites on 
the Internet. 


Mineral Industry Surveys (MISs) contain timely statistical and 


economic data on minerals. The surveys are designed to keep 
government agencies and the public, particularly the mineral 
industry and the business community, informed of trends in 

the production, distribution, inventories, and consumption of 
minerals. Frequency of issue depends on the demand for current 
data. MISs are released monthly, quarterly, or annually. 

The Metal Industry Indicators (MII) report, which is 
published monthly, contains indexes that measure the current 
and future performance of three U.S. metal industries. For 
each of the three industries, a composite coincident index 
and a composite leading index have been developed based 
on procedures and data similar to those used to construct The 
Conference Board's coincident and leading cyclical indexes for 
the national economy. MIIs also contain several indicators for 
metal prices. Nonmetallic Mineral Products Industry Indexes, 
also published monthly, contains leading and coincident indexes 
that measure the current and future performance o 
minerals industry. The indexes were designed by using the same 
procedures as the USGS metal composite indexes. 
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FIGURE 1 
A TYPICAL SURVEY FORM 
USGS Form 9-4045-M OMB Control No. 1028-0068 
Fer. (rev. 5/8/2008) Approval expires: 5/31/2011 
UNITED STATES INDIVIDUAL COMPANY 
- DEPARTMENT OF THE INTERIOR DATA — PROPRIETARY 
ZUSGS A03 U.S. GEOLOGICAL SURVEY | 
дер Ge World 986 NATIONAL CENTER Unless authorization is granted in the section above the 
science for a changing wor RESTON, VIRGINIA 20192 signature, the data furnished in this report will be treated in 
confidence by the Department of the Interior, except that they 
IRON ORE (Usable ore) may be disclosed to Federal defense agencies, or to the 
Congress upon official request for appropriate purposes. Unless 
objection is made in writing to the USGS, the information 
furnished in this report may be disclosed to the respondent's 
State Geological Survey (or similar State Agency) if the State 
has appropriate safeguards to prevent disclosing company 
proprietary data. 
| FACSIMILE NUMBER 
(Please correct if name or address has changed.) 1-800-543-0661 


Public reporting burden for this voluntary collection of information is estimated to average 10 MINUTES per response. A Federal agency may not conduct or sponsor, and a 
person is not required to respond to a collection of information unless it displays a valid OMB control number. Comments regarding this collection of information should be 
directed to: U.S. Geological Survey, Statistics and Information Systems Section, 988 National Center, Reston, VA 20192. Please do not mail survey forms to thls address. 


Collection of nonfuel minerals information is authorized by Public Law 96-479 and the Defense Production Act. This information is used to support 
executive policy decisions pertaining to emergency preparedness, national defense, and analyses for minerals legislation and industrial trends. The USGS 
relies on your voluntary and timely response to assure that its information is complete and accurate. 


Please return this form in the enclosed envelope or fax to the above toll-free number by the 15TH OF THE MONTH following the reporting period. 
Complete a separate form for each mineral establishment that was active during the reporting period. A mineral establishment is defined as a single 
physical location where mineral operations are conducted: for example, a mine only, a mine and preparation plant, or a preparation plant only. If you do 
not have exact data, please enter your best estimates and mark with an /e. Use zero (0) when appropriate. Do not report decimals or fractions. Round to 
the nearest whole number. If you have nothing to report, please complete Section 1, sign, and return the form. Please use the space for “Remarks” to 
provide any specific information that will help us in the use or interpretation of the data. Any statement on the effect of changes in economic conditions 
upon the reporting establishment will be useful. Additional forms are available upon request. 


Ifyou have any questions concerning completion of this form, please contact the Mineral Commodities Data Unit, U.S. Geological Survey, 985 National 
Center, Reston, VA 20192, Telephone (703) 648-7960. 


SECTION 1. Mine or group covered by this report. 
Name __ DB uuu m A County — — TIL 


d 2. Stocks, production, and shipments of usable ore for the report month. 

А port only ore products as shipped to consumer, such as direct-shipping ore, concentrate, or agglomerates. 

Sport ores produced in the United States only; do not include imports. 

Weight unit 

Mark (X) one 
2 


Peleg 
939 Фо : - р 
Usable ore = = Physical inventory Beginning Ending 
Adjustment only stocks Production Shipments stocks 
ER Code 4 6 3 4 5 6 7 


Iron ore (containin 
0 less 
than 5% Mn, Natural)... POE | 
| 


SECTION 3, pj indi 
: ease indicate any mines opened or closed by your company during the month. 
emarks: 


Name of person 
to be contacted re | 1 
garding th 
No. 
M ta Pas yi didis 
ау tabulati | 
—. lations be publish 


ed è è 4. 
ен Which could Indirectly reveal the data reported above? [] (1) Yes [] (2) No 


STATISTICAL SUMMARY 
By Joseph M. Krisanda 


The world production table was prepared by Glenn J. Wallace, international data coordinator. 


This annual report summarizes data on crude nonfuel mineral 


production! for the United States, its island possessions, and the 
Commonwealth of Puerto Rico. 

Although crude mineral production may be measured at any 
of several stages of extraction and processing, the stage of 
measurement used in this annual report is what is termed “mine 
output.” This term refers to minerals or ores in the form in 
which they are first extracted from the ground, but customarily 
may include the output from auxiliary processing at or near the 
mines. 

Because of inadequacies in the statistics available, some 
series deviate from the foregoing definition. For copper, gold, 
lead, silver, and zinc, the quantities listed are recorded on a 


The terms “nonfuel mineral production” and related “values” encompass 
variations in meaning, depending upon the mineral products. Production may 
be measured by mine shipments, mineral commodity sales, or marketable 
production (including consumption by producers) as is applicable to the 
individual mineral commodity. 

All 2010 U.S. Geological Survey (USGS) mineral production data published 
inthis chapter are as of June 2012. For some mineral commodities, such as 
construction sand and gravel, crushed stone, and portland cement, estimates are 
updated periodically. To obtain the most current information, please contact the 
appropriate USGS mineral commodity specialist. Specialist contact information 
55 available on the Internet at http://minerals.usgs.gov/minerals/contacts/comdir. 
html; altematively, specialists’ names and telephone numbers may be obtained 
bycalling USGS information at (703) 648-4000 or by calling the USGS 
Earth Science Information Center at 1-888-ASK-USGS (275-8747). Minerals 
Yearbook chapters (for mineral commodities, States, and countries) and Mineral 


м Surveys are also available on the Internet at http://minerals.usgs.gov/ 
ета, 


mine basis (as ће recoverable content of ore sold or treated). 
The values assigned to the quantities, however, are based on the 
average selling price of refined metal, not the mine value. 

The total value of all nonfuel mineral production in the United 
States in 2010 increased to $66.4 billion, which was a 13% 
increase compared with that of 2009; metals increased to $30.4 
billion, which was an increase of 39%; and industrial minerals 
decreased to $36.0 billion, a decrease of 2%. 

In 2010, the value of nonfuel mineral commodity production 
for the following 13 mined commodities, in descending order of 
production value, was greater than $1 billion: stone (crushed), 
gold, copper, cement (portland), sand and gravel (construction), 
iron ore (usable shipped), molybdenum concentrates, phosphate 
rock (marketable), lime, salt, zinc, soda ash, and sand and 
gravel (industrial). They accounted for 8894 of the U.S. total 
production value (table 1). 

In 2010, the value of nonfuel mineral commodity production 
in the following 21 States, in descending order of production 
value, was greater than $1 billion: Nevada, Arizona, Utah, 
Minnesota, Alaska, California, Texas, Florida, Michigan, 
Missouri, Wyoming, Colorado, Pennsylvania, Georgia, New 
York, Idaho, Ohio, Montana, Kansas, Virginia, and New 
Mexico. They accounted for 8196 of the U.S. total production 
value (table 3). 
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TABLE 1 


NONFUEL MINERAL PRODUCTION IN THE UNITED STATES" ?? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2008 | Д 2009 2010 

Mineral Quantity Value Quantity Е Value Quantity Vale = 

Metals: m > o C LS 
_ Beryllium concentrates! — — metric tons 4,410 NA 3,030 NA 4,460 NA 
Cadmium? do. 2,990 17,700 2,840 8,140 2,890 11,300 
Coppers — 0 0 0 1,310 9,200,000 1,180 6,280,000 1,110 8,520,000 
God .— kilograms 233,000 6,550,000 223,000 7,000,000 231,000 9,130,000 
Iron ore, usable shipped Е 53,600 3,770,000 27,600 2,560,000 50,600 5,000,000 
|. Lead* metric tons 399,000 1,060,000 395,000 757,000 356,000 854,000 
. Molybdenum concentrates’ Е do. 55,900 3,830,000 47,800 2,870,000 59,400 3,580,000 
Palladium 00 _ kilograms 11,900 136,000 12,700 108,000 11,600 199,000 
Platinum* m do. 3,580 182,000 3,830 149,000 3,450 179,000 
Silver? do. 1,250,000 600,000 1,250,000 588,000 1,280,000 829,000 
Zinc . metric tons 748,000 1,470,000 710,000 1,220,000 723,000 1,620,000 

Combined values of magnesium metal, titanium 

___ concentrates, tungsten, zirconium concentrates | XX 518,000 XX 345,000 XX 451,000 

_ Total mE m XX 27,300,000 С XX 21900000 ХХ 30400000 _ 

Industrial minerals, excluding fuels: 

Barite 222. 648 30,900 383 19,900 662 37,200 
Cement? л EE 

Masonry LL 3,030 428,000 * 1,970 269,000 * 1,900 251,000 ° 
Portland КОО 83,300 8,390,000 * 61,900" 5,950,000 ^* 64,500 5,870,000 * 

ES тен 
Ball | КОО E 968 44,300 831 37,700 912 41,300 
Bentonite 4,910 267,000 3,650 207,000 4,630 261,000 

Соттоп 17,500 202,000 12,500 156,000 12,100 148,000 
Fire n" mE 296 11,800 320 12,000 216 6,120 
Fuller's earth | 2,340 '? 230,000 '° 2,010 "° 206,000 '° 2,050 '? 201,000 "° 
Kaolin m 6,740 900,000 5,290 714,000 5,420 788,000 

. Distomite ______ 764 171,000 575 147,000 595 178,000 
~ Feldspar? ud M КО 650 " 40,000 550 !! 35,600 sso !! 33,500 
Garnet, industrial? —— БЕ metric tons 62,900 13,600 45,600 6,850 52,600 7,910 

gom natural? КЕШТЕ МА 11,500 МА 9,310" МА 10,000 

Gypsum, crude? —_ | 12,300 91,200 10,400 77,400 8,840 60,900 

Helium: ль ee "E EE 
Crude ——— million cubic meters 42 90,100 40 85,700 49 115,000 
“Grade-A_ _ do. 130 630,000 18" 572,000 129 697,000 
CKyanite | un EE 97 25,500 71 21,000 ' 93 28,000 
o o MEME 19,800 1,830,000 15,800 1,650,000 18,300 1,920,000 
Lime — ——— 3 ы 0 
"Mica crude 22 metric to tons 85,200 ' 10,200 51,100 6,530 ' 52,800 7,24 
E ADM BEEN 647 17,100 644 15,000 605 14,800 
dod metric tons 434,000 20,800 348,000 17,100 414,000 21,600 
вы oe aan 30,200 2,320,000 26,400 3,360,000 25,800 1,980,000 
_ Phosphate rock, m rock, marketable” _ a M CODE 2,400 740,000 1,500 500,000 2,400 660,000 
Potash, gross weight. “metric tons 791.000 15,900 410,000 12,300 390,000 7,810 
_ Pumice and pt UEM acne ак 47,400 1,690,000 43,100 1,750,000 43,500 1,690,000 
Әй ..-.------- 

_ Sand and gravels _____------ СУ 1,060,000 7,890,000 ' 831,000" 6,240,000" 795,000 5,810,000 
Construction — 00080007 30,400 937,000 ' 24,600 783,000 29,900 1,030,000 
пољ o eel i 11,300 1,520,000 9,310 1,330,000 10,600 1,360,000 

_ Soda as аво 
7 Stone: Lecce apes i 1,460,000 13,600,000 1,160,000 * — 11,300,000 1,160,000 11,200,000 
~ Crushed ____- Ince beue ue ы 1,800 326,000 1,620 328,000 1,670 323,000 
— Dimension Е оса MO 706 21,800 511 | 1460 _ $604  J|.X. 19,100... 
QS" к а т сыы сыга кена ы ыы AU ENS 
Talc, crude” a C ME 


See footnotes at end of table. 
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TABLE 1—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES! ?? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


| $i eee 


2008 2009 2010 
| Mineral Quantity Value Quantity Value Quantity Value 

Industrial minerals, excluding fuels" — Continued: 

Til? 0 metric tons 132,000 17,100 79,700 16,400 108,000 20,000 
Vermiculite, concentrate" 100 13 W 100 13 W 100 13 W 
Combined values of andalusite, boron minerals, bromine, 

brucite (2008), clays [fuller's earth (2008—09)], 

emery (2008-09), greensand marl, iodine (crude), iron 

oxide pigments (crude), lithium carbonate, magnesite, 

magnesium compounds, olivine, pyrophyllite (crude), 

silica stone, staurolite, wollastonite, zeolites, and 

values indicated by symbol W XX 1,380,000 XX 963,000" XX 1,220,000 

Total XX 44,000,000 XX 36,800,000 ' XX 36,000,000 
Grand total XX 71,300,000 XX 58,700,000" XX 66,400,000 


"Estimated, ‘Revised. do. Ditto. NA Not available. W Withheld to avoid disclosin 


g company proprietary data; value included with “Combined values.” 
XX Not applicable. 


‘Table includes data available through June 6, 2012. 


"Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 
"Da are rounded to no more than three significant digits; may not add to totals shown. 

‘Shipments, 

*Byproduct from zinc concentrates. 

Recoverable content of ores, etc, 

‘Content of ore and concentrate. 

"Sold or used unless otherwise specified, 

"Production, 


| i o 
"Excludes attapulgite; included in “Combined values." 


T 
Ка аге rounded to two significant digits. 
Excludes abrasive stone and bitu 


› minous limestone and sandstone; all included elsewhere in table. 
Data are rounded to one significant digit. 


2.3 


TABLE 2 
NONFUEL MINERALS PRODUCED IN THE UNITED STATES, BY COMMODITY AND STATES IN 2010! 


(Principal States based on quantity unless otherwise noted) 


Mineral Principal States Other States (alphabetical order) 

Andalusite NC 

Ваше _ NV and GA 
Beryllium concentrates UT 

Boron Е СА | 

Bromine AR 
_ Masonry m __ IN, TX, FL, AL, CA АК, AZ, CO, GA, IA, KS, KY, MD, ME, MI, MO, MT, NE, NM, NY, OH, OK, PA, SC, TN, VA, WV. 

Portland А ТХ, СА, МО, МІ, PA | ЕТ other States, except AK, CT, DE, HI, LA, MA, MN, MS, NC, ND, NH, NJ, RI, VT, WI. 

Clays: _ | | 
Вай | TN, TX, MS, КҮ, IN 

Bentonite WY, UT, МТ, AL, TX А7, CA, CO, MS, NV, OR. 

Common TX, AL, NC, ОН, СА Allother States, except AK, DE, HI, ID, MN, NH, NJ, NV, OR, RI, VT, WI. 

Fire MO, WA, TX, OH NUNC REEL CE E LRL: 
 Pullr'seath — СА, MO, УА, МЗ, СА ЕІ, IL, KS, NV, TN, TX. 

‘Kaolin EM СА, SC, АГ, ТХ, АЕК СА, FL, NC, NV. | 
Copper? AZ,UT,NV,NM,MT  IDand MO. 

Diatomite CANV,ORWA — | - 

Етегу OR 
Feldspar ——— NC,VA,OK,CA,ID СА and SD. | | = л кант 
Garnet, industrial NY, MT, ID | | Е 
Gemstones, natural? NC, AZ, OR, UT, CA All other States. | | 
Gold" | р МУ, АК, UT, CO, WA _ AZ, CA, ID, SD. шаны "S кыт: = E 
Greensand 1 marl | NJ AEN а z — — item. ја 
буй, „crude | OK, TX, IA, МУ, СА__ AR, AZ, CO, IN, KS, KY, LA, MI, NM, SD, UT, WA, WV, WY. 

Crude KS and TX 

Grade-A KS, WY, ТХ, ОК, СО ОТ е5 
Iodine, crude | OK Е Као | Ре. 
Iron оге, | usable. | i MN, МІ, SD, СА. | mE Е ы LL SEIL LL Él eS тш 
Iron oxide pigments, crude — GAL 3 0 ЖХ Маса со ® (зы Ро X -— | 
Kyanite mM | VÀ  — Peces о — — Fr —— neds m 
Lead” АК, МО,Ір = | | — a 
Lime 7 | MOALKY,OH,TX  Allother States, except AK, CT, DE, HI, IL, KS, MD, ME, MS, NC, NH, NJ, NY, RI, SC, VT. 
Lithium carbonate NV | с Poss 5 — ——— 
Magnesite | NV ИЖС | 5 x -- c I re 
Magnesium compounds | | MI, ПЛОВЕ О 70 са лыы. xe ина = 
Magnesium metal | UT DS д даласы 
Mica, crude МС, А, 50, АГ - | | | p | е лын | —— ME: 
Molybdenum, concentrates СО, UT, AZ,ID,MT NM and NV. | | | ME СЭЗ MEE | | 
Olivine — |. — NCand WA | —— 
Palladium? == Е | | | = E е — - — раны 
Peat . FLMN,MEILIN ПА, MI,NI, МУ, ОН ВАЛАД 
Perlite, crude NM, OR, AZ, ID, NV _ CA. на жазы. бое БЕ чоло 2 ¢ xm 
Phosphate rock FL, NC, ID, UT а Е Sue ашын эы ыы ы, Зе ee Во жаа. _ ты Чез 2 
Platinum? _ МТ OOP EEL RRA оне ane ae айызы | E eee 
Potash NM, UT, MI E | | = : ts = 
Pumice and pumicite NV, OR, ID, AZ, CA NM and KS. ~ a ES | | —— S њи 
Pyrophyllite, crude NC and CA | | | Е —— "E EM и лее вы 
sal LA, TX, NY, OH, KS AL, AZ, GA, MI, NM, NV, OK, NUT VAN. СООСУ с 
Sand and gravel: Сеит T AT А 

Construction CA, TX, AZ, MI, MN  Allother States, 
md Lm WI, MN. OK All other States, | eXcept AK, СТ, DE, HI, KY, MA, MD, ME, MS, MT, NH, NM, OR, SD, UT, VT, wy. 


See footnotes at end of table. = Е 
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TABLE 2—Continued 
NONFUEL MINERALS PRODUCED IN THE UNITED STATES, BY COMMODITY AND STATES IN 2010! 


(Principal States based on quantity unless otherwise noted) 


Mineral Principal States Other States (alphabetical order) 

Silver AK, NV, ID, UT, AZ CA, CO, MO, MT, SD. 
Soda ash WY and CA 
Staurolite FL 
Stone: 

Crushed TX, PA, MO, IL, KY All other States. 

Dimension GA, TX, IN, SD, WI All other States, except AK, DE, FL, HI, IA, KY, LA, MS, ND, NE, NJ, OR, RI. 
Talc, crude MT, TX, VT 
Titanium concentrates, ilmenite VÀ and FL _ 
Tripoli IL, OK, AR, PA 
Tungsten CA 


Wollastonite NY ' 


ыы | ÁÍ—-itíiíLÉÉL L iLL ÉLüoÉ————————— ДА m r U QN 
Zeolites ММ, ID, TX, AZ, СА NV. 


Zinc’ AK, TN, MO, ID 
Zirconium concentrates VA and FL 

"Table includes data available through June 6, 2012. 
Content of ores, etc. 


"Principal States based on value. 


‘Grindstones, pulpstones, and sharpening stones; excludes mill liners and grinding pebbles. 
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TABLE 3 
VALUE OF NONFUEL MINERAL PRODUCTION IN THE UNITED STATES AND PRINCIPAL NONFUEL MINERALS PRODUCED IN 2010" 


ме `` 


State (thousands) Rank of USS. total Principal minerals, in order of value 

Alabama 969,000 22 1.46 Stone (crushed), cement (portland), lime, sand and gravel (construction), cement (masonry). 

Alaska _ 3,400,000 5 5.13 Zinc, gold, lead, silver, sand and gravel (construction). 

Arizona 6,790,000 2 10.24 Copper, molybdenum concentrates, sand and gravel (construction), cement (portland), stone 
(crushed). 

Arkansas 709,000 29 1.07 Bromine, stone (crushed), cement (portland), sand and gravel (construction), lime. 

California 2,890,000 6 4.36 Sand and gravel (construction), boron minerals, cement (portland), stone (crushed), gold. 

Colorado 1,850,000 12 2.79 Molybdenum concentrates, gold, sand and gravel (construction), cement (portland), stone (crushed). 

Connecticut? 148,000 43 0.22 Stone (crushed), sand and gravel (construction), clays (common), stone (dimension), gemstones 
(natural). 

. Delaware? 12,300 S0 0.02 Magnesium compounds, sand and gravel (construction), stone (crushed), gemstones (natural). 

Florida 2,680,000 8 4.03 Phosphate rock, stone (crushed), cement (portland), sand and gravel (construction), zirconium 
concentrates. 

Georgia 1,430,000 14 2.16 Clays (kaolin), stone (crushed), clays (fuller's earth), cement (portland), sand and gravel (construction). 

Hawaii 106,000 46 0.16 — Stone (crushed), sand and gravel (construction), gemstones (natural). 

Idaho 1,180,000 16 1.78 Molybdenum concentrates, phosphate rock, silver, sand and gravel (construction), lead. 

Illinois 924,000 23 1.39 Stone (crushed), sand and gravel (industrial), cement (portland), sand and gravel (construction), tripoli. 

Indiana 782,000 26 1.18 Stone (crushed), cement (portland), sand and gravel (construction), lime, stone (dimension). 

Iowa 583,000 3l 0.88 Stone (crushed), cement (portland), sand and gravel (construction), sand and gravel (industrial), lime. 


Kansas 1,090,000 19 1.65 Helium (Grade-A), salt, cement (portland), stone (crushed), helium (crude). 


Kentucky 762,000 27 1.15 Stone (crushed), lime, cement (portland), sand and gravel (construction), clays (common). 
Louisiana 549,000 32 0.83 Salt, sand and gravel (construction), stone (crushed), sand and gravel (industrial), lime. 
Maine 110,000 45 0.17 Sand and gravel (construction), cement (portland), stone (crushed), peat, stone (dimension). 
Maryland? 305,000 36 0.46 Stone (crushed), cement (portland), sand and gravel (construction), cement (masonry), stone 
Im (dimension). 
Massachusetts? E 233,000 41 0.35 Stone (crushed), sand and gravel (construction), stone (dimension), lime, clays (common). 
Michigan 2. 2,190,000 9 3.30 Iron ore (usable shipped), cement (portland), sand and gravel (construction), salt, stone (crushed). 
Minnesota? 4,180,000 4 6.30 Iron ore (usable shipped), sand and gravel (construction), sand and gravel (industrial), stone (crushed), 
stone (dimension). 
Mississippi m 198,000 42 0.30 Sand and gravel (construction), stone (crushed), clays (fuller's earth), clays (ball), clays (bentonite). 
Missouri : 2,010,000 10 3.03 Stone (crushed), cement (portland), lead, lime, sand and gravel (construction). 
Montana | 1,140,000 18 1.71 Copper, molybdenum concentrates, palladium metal, platinum metal, sand and gravel (construction). 
Nebraska 234,000 40 0.35 Sand and gravel (construction), cement (portland), stone (crushed), sand and gravel (industrial), lime. 
Nevada Н 7,700,000 1 11.61 Gold, copper, silver, lime, sand and gravel (construction). 
New Hampshire! _ 93,800 47 0.14 Sand and gravel (construction), stone (crushed), stone (dimension), gemstones (natural). 
New Jersey’ — — 258,000 39 0.39 — Stone (crushed), sand and gravel (construction), sand and gravel (industrial), greensand marl, peat. 
New Mexico | 1,020,000 21 1.54 Potash, copper, sand and gravel (construction), stone (crushed), cement (portland). 
New York ы 1,310,000 15 1.97 Salt, stone (crushed), sand and gravel (construction), cement (portland), clays (common). 
North Carolina 880,000 24 1.33 Stone (crushed), phosphate rock, sand and gravel (construction), sand and gravel (industrial), stone 
ENS (dimension). 
North Dakota? 69,900 48 0.11 Sand and gravel (construction), lime, stone (crushed), clays (common), sand and gravel (industrial). 
onio | 1,170,000 17 1.76 Stone (crushed), salt, sand and gravel (construction), lime, cement (portland). 
Ш EM үө ү = Stone (crushed), cement (portland), sand and gravel (construction), sand and gravel (industrial), iodine. 
о , : Stone (crushed), sand and gravel (construction), cement (portland), diatomite, perlite (crude). 
шушы. _ 1,670,000 13 2.52 Stone (crushed), cement (portland), lime, sand and gravel (construction), cement (masonry). 
Rhode Island ges 32,900 49 0.05 Sand and gravel (construction), stone (crushed), sand and gravel (industrial) gemstones (natural). 
South Carolina 468,000 34 0.71 Stone (crushed), cement (portland), sand and gravel (construction), cement шол. запа апа 
| PS gravel (industrial), 
тоша om 2. - 0.39 Gold, cement (portland), sand and gravel (construction), stone (crushed), lime. 
Tes. | ЕЕ 2,780,000 3 As 2. 2. 2. sand and gravel (construction), sand and gravel ndis 
Utah о 4,380,000 3 6.60 Copper eat Bus п ), sand and gravel (construction), salt, sand and gravel (industrial). 
: , rates, gold, magnesium metal, potash. 
Vermont  — | 121,000 44 0.18 — Stone (crushed), sand and gravel (construction), stone (di i l tural) 
Virginia — — — 1,040,000 20 1.57 Stone (crushed), sand and gravel (constructio ok ....- ЈЕ Е 
Washington 712,000 28 0 _ 107 Gold, sand and n), zirconium (concentrates), cement (portland), lime. 


gravel (construction), stone (crushed), 


See footnotes at end of table. cement (portland), diatomite. | 
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TABLE 3—Continued 
VALUE OF NONFUEL MINERAL PRODUCTION IN THE UNITED STATES AND PRINCIPAL NONFUEL MINERALS PRODUCED IN 2010? 


Swe LLL TEATRO AREE т = тете Фа 


Value Percentage 
West Virginia 272,000 37 0.41 Stone (crushed), cement (portland), lime, sand and gravel (industrial), cement (masonry). 
Wisconsin? 509,000 33 0.77 Sand and gravel (industrial), sand and gravel (construction), stone (crushed), lime, stone (dimension). 
Wyoming 1,860,000 11 2.81 — Soda ash, clays (bentonite), helium (Grade-A), sand and gravel (construction), cement (portland). 
Undistributed 424,000 XX 0.64 
Total 66,400,000 XX 100.00 


—— M es ра 
XX Not applicable. 


'Table includes data available through June 6, 2012. 
"Data are rounded to no more than three significant digits; may not add to totals shown. 
"Partial total; excludes values that must be withheld to avoid disclosing company proprietary data which are included with *Undistributed." 
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TABLE 4 
VALUE OF NONFUEL MINERAL PRODUCTION PER CAPITA AND PER SQUARE KILOMETER IN 2010 BY STATE"? 


Land area Total 
(square Population value Per capita | .. Per square kilometer 

State kilometers) (thousands) © (thousands) | Dollars | Rak — Dollars — Rank _ 
Alabama = 222 131,000 _ 4780 $969,000 $203 16 — $7370 22 
Alaska — — 1,480,000 710 3,400,000 4,790 | 2,300 44 
Arizona 294,000 6,390 6,790,000 1,060 6 23,100 2 
Arkansas | 135,000 2,920 709,000 243 14 5,260 30 
California 404,000 37,300 2,890,000 78 40 7,170 23 
Colorado 269,000 5,030 1,850,000 369 | 6,900 25 
Connecticut | 12,500 3,570 148,000 ? 41 46 11,800 11 
Delaware | | 5.060 898 12,300 ? 14 50 2,430 43 
Florida 140,000 18,800 2,680,000 142 23 19,200 5 
Georgia 150,000 9,690 1,430,000 148 21 9,550 17 
Hawai | 16,600 1,360 106,000 78 39 6,390 27 
Idaho 214,000 1,570 1,180,000 755 8 5.520 29 
Illinois. 144,000 12,800 924,000 72 4l 6,420 26 
Indiana 92,900 6,480 782,000 121 29 8,420 18 
ма  о 145,000 3,050 583,000 191 18 4,030 38 
Kansas | 212,000 2,850 1,090,000 383 10 5,160 31 
Kentucky mM 103,000 4,340 762,000 176 20 7,410 21 
Louisiana 113,000 4,530 549,000 121 28 4,860 33 
Maine | 79,900 1,330 110,000 83 37 1,370 46 
Maryland —— 25,300 5.770 305,000 ? 53 45 12.000 10 
Massachusetts | 20,300 6.550 233,000 ? 36 47 11,500 12 
Michigan 00 00 147,000 9,880 2,190,000 222 15 14,900 6 
Minnesota 206,000 5,300 4,180,000 ? 788 7 20,300 4 
Mississippi 121,000 2,970 198,000 67 44 1,630 45 
Missouri 178,000 5.990 2,010,000 336 12 11,300 13 
Montana 377,000 989 1,140,000 1.150 5 3,010 42 
Nebraska | | 199,000 1,830 234,000 128 27 1,170 49 
Nevada 284,000 2,700 7,700,000 2,850 3 27,100 | 
New Hampshire | 23,200 1,320 93,800 ? 71 42 4,040 37 
New Jersey 0-0 19,200 8,790 258,000 2 29 49 13,400 8 
Мем Mexico | 314,000 2,060 1,020,000 496 9 3,250 41 
New York | 122,000 19,400 1,310,000 67 43 10,700 15 
North Carolina 000 126,000 9,540 880,000 92 35 6,980 24 
North Dakota 179,000 673 69,900 ? 104 32 391 50 
Ohio — 106,000 11,500 1,170,000 101 33 11,000 14 
Oklahoma 178,000 3,750 702,000 187 19 3,950 39 
Oregon иуи 249,000 3,830 312,000 82 38 1.260 48 
Pennsylvania 116,000 12,700 1,670,000 ? 132 24 14,400 7 
Rhode Island _ 2,710 1,050 32,900 2 31 48 12,200 9 
South Carolina 78,000 4,630 468,000 ? 101 34 6,000 28 
South Dakota | 197,000 814 258,000 317 13 1.310 47 
ишене 222 107,000 6,350 831,000 131 25 7,790 19 
Texas —— 678,000 25,100 2,780,000 111 30 4,100 36 
Utah 00 213,000 2,760 4,380,000 1,580 4 20,600 3 
ermont 24,000 626 121,000 ? 194 17 5,060 32 
А. се 103,000 8,000 1,040,000 130 26 10,200 16 
Washington Е 172,000 6,730 712,000 106 31 4,130 35 
Ae vm. a 62,400 1,850 272,000 147 2 4,360 34 
Wisconsin — mE 141,000 5.690 509,000 ? 90 36 3.620 40 
Wyoming e 251,000 564 1,860,000 3,310 2 7,410 20 
Undistibuted | | aua. XX 424000 XX xx. XX XX 
Total or average — — 9,160,004. 30800040 66400000 ^ 215 XX _ 7240 хх 
See footnotes at end of table. | ee ТУА РА D Send 
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TABLE 4—Continued 
VALUE OF NONFUEL MINERAL PRODUCTION PER CAPITA AND PER SQUARE KILOMETER IN 2010 BY STATE"? 


XX Not applicable. 

Table includes data available through June 6, 2012. 

?Data are rounded to no more than three significant digits; may not add to totals shown. 

*Partial total; excludes values that must be concealed to avoid disclosing company proprietary data. Concealed values included 


with “Undistributed.” 
‘Excludes Washington, DC (which has no mineral production), with an area of 179 square kilometers and a population of 


601,000. . 


Sources: U.S. Geological Survey and U.S. Census Bureau. 


2.9 


TABLE 5 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE! 23 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2008 2009 2010 
Mineral Quantity Value Quantity Value Quantity Value. 
Alabama: 
eee 


Cement: 
ERR es ы 
Masonry 303 38,000 * 208 25,600 * 191 24,300 * 
—_ O 
Portland 4,640 450,000 * 3,420 307,000 * 3,290 273,000 * 
eee 
Clays: 
eee 
Common 1,970 34,400 1,340 25,300 1,300 21,500 
----------- A 
Kaolin (4) W (4) W 69 W 
Gemstones, natural NA 398 NA 142" МА 7 
Lime | 2,320 239,000 1,960 226,000 ' 2,150 239,000 
——— —-————— —— 
Sand and gravel: 
Construction 13,800 87,300 10,100 ' 65,800 ' 10,100 56,200 
Tn ORA 
Industrial 619 14,600 370 11,200 386 10,400 
Er C MN 
Stone: 
EEE Шы ы аы ымы 
Crushed 50,000 370,000 35,700 ' 327,000 ' 35,400 331,000 
Dimension, marble, sandstone 7 3,720 4 1,460 (4) W 
Combined values of clays (bentonite), iron oxide 
pigments (crude), mica (crude), salt, and values 
indicated by symbol W XX 26,700 XX 26,500 XX 13,800 
LEE c EL E a a TUTTA a euer uu LU d teer ла BO _, 
Total XX 1,260,000 XX 1,020,000 XX 969,000 
Alaska: 
“2 MEA RR 
Gemstones, natural NA 69 NA 69 NA 70 
E cU X CL CN 
Gold kilograms (4) W (4) W 28,100 1,110,000 
Sand and gravel, construction 11,400 84,800 7,320 55,500 6,340 52,300 
Stone, crushed 1,990 31,400 1,940 34,700 ' 1,510 22,600 
Combined values of cadmium (byproduct from zinc 
concentrates), lead, silver, zinc, and values indicated 
RM XX 2,540,000 XX 2,530,000 XX 2,220,000 
- ЭР ХХ 25 МА AH 
БІ XX 2,650,000 XX 2,620,000 XX 3,400,000 
Arizona: | 
а 
Clays, шс 23 1,220 17 913 (4) W 
D PRAE 836 5,880,000 711 3,780,000 703 5,400,000 
Semstones, natural | МА 1,960 МА 1,540 МА 1,550 
Sand and gravel, construction 67,200 562,000 40,200 357,000 35,200 291,000 
Stone: i 
Crushed 
rushed 15,300 153,000 9,520 ' 88,700 ' 8,280 80,300 
Dimension, sandstone 123 16,400 94 13.800 81 11,700 
Combined values of cement, clays (common), gold, 
gypsum (crude), lime, molybdenum concentrates, 
perlite (crude), pumice and pumicite, salt, sand 
gravel (industrial), silver, zeolites, and value indicated 
by symbol W 
раст O ______ХХ 1,230,000 (XX 946,000 ' XX 1,010,000 — 
ИВО XX 7,850,000 XX 5,190,000 ' XX 6,790,000 
Arkansas: — = 
Clays, common 
с y 796 110,700 539 7,630 534 7,580 
emstones, natural NA 60 
о. 7 МА 410 МА 424 
and and gravel, construction 8,800 65.100 
"Ege 0. 2 анааан а : , 7,780 ' 60,000" 9,050 76,800 
опе: 
—_ 
Crushed 
DC 32,200 241,000 29,400 ' 215,000 ' 31,000 238,000 
imension 21 2,740 18 2 70 
See footnotes at end of table. ч. H Bn 
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TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE" >? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2008 | 2009 2010 
Mineral Quantity Value Quantity Value Quantity Value 
Arkansas—Continued: 
Combined values of bromine, cement, clays (kaolin), 
gypsum (crude), lime, sand and gravel (industrial), 
silica stone, tripoli XX 390,000 XX 336,000" XX 385,000 
Total XX 710,000 XX 621,000 ' XX 709,000 
California: 
Cement: 
Masonry 337 43,600 * 236 28,100 * 178 . 19,500 ° 
Portland 9,880 1,030,000 * 7,150 646,000 * 6,950 549,000 * 
Clays: 
Bentonite 30 3,360 22 2,310 23 2,700 
Common 469 3,570 318 2,370 355 5,000 
Fire 118 W (4) W -- - 
Ко о о о оо о (4) w (4) үу 7 у 
Gemstones, natural NA 732 NA 727 NA 754 
Gypsum, crude (4) W 1,210 ' 8,980 ' (4) W 
Sand and gravel: 
Construction 111,000 1,260,000 79,200 912,000 74,700 809,000 
СИН з зз, ns 1,500 42,300 1,300 35,800 1,320 39,400 
Stone: 
[| NE 51,400 572,000 39,800" 377,000" 31,700 313,000 
E c NBN NEM 26 7,320 24' 6,100 26 6,940 
Combined values of boron minerals, clays (fuller's earth) 
diatomite, feldspar, gold, iron ore (usable shipped), 
lime, magnesium compounds, perlite (crude), pumice 
and pumicite, pyrophyllite (2009-10), salt, silver, soda 
e talc (crude (2008)], tungsten, zeolites, and values 
indicated by symbol W XX 1,250,000 ' XX 888,000 ' XX . 1150000 - 
навора ХХ 4,200,000 XX 2,910,000" XX 2,890,000 
Colorado: 
Аны, — M — 
E EE RA 
алашат 2 40 1 30 (4) W 
—— 25255026 141 644 60 405 109 342 
‚ Natural NA 419 NA 426 NA 431 
| = gavel, construction m 37,800 299,000 29,300 217,000 28,900 209,000 
por NNNM 
po c INDEM ME 9,590 71,300 6,800" 62,200" 7,320 58,400 
оаа 27 4,510 11 3,110 8 1,740 
шей values of cement, clays [fire (2009)], gold, 
ie Mini) helium (Grade-A), lime, molybdenum 
viis __ ms and gravel (industrial), silver, and 
a _  . +. _ хх 1,680,000 © XX 103000 ХХ 1580000 _ 
Саара Ha! XX 2,060,000 XX 1,420,000 XX 1,850,000 
eo Le omm. 
peus: (4) (6) 20 224 (4) (6) 
ша МА 7 
| айа ла сова NN МА 7 МА 7 
c лы с у у. 7,350 69,600 5,680 60,800 5,910 55,300 
(іа) о ООО 
Е с СЕ 9,640 106,000 8,160 ' 102,000 " 7,250 92,700 
Г o (4) 6) 00 EO inesse CAI TL гы 
Ve footnotes at end of abi XX 175,000 XX 163,000 ' XX — 145000 — 
ST, 
“TISTICAL SUMMARY—2919 2.11 
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TABLE 5—Continued 


NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE 23 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2008 2009 2010 
Mineral Quantity Value Quantity Value Quantity Value 
eee 


Delaware: 
Gemstones, natural 
Magnesium compounds 
Sand and gravel, construction 
Stone, crushed 
Total 


Florida: 


—— 4... 00 
Cement: 


eso cuu ue LU Ec ла а 
Masonry 


—_ 
Portland 
Clays: 
< nM) 
Common 


—_— aÜ—À 22... 
K 


aolin 

Gemstones, natural Е 

Peat 

Sand and gravel: 
Construction 
Industrial 

Stone, crushed 

Combined values of clays (fuller’s earth), lime, 
magnesium compounds, phosphate rock, staurolite, 
titanium concentrates (ilmenite), zirconium 
concentrates, and values indicated by symbol W 
Total 


боша ~~ 
Barite MM ME 
EC NEED 
Common а 
Fuller's earth i 
Kaolin = 


Gemstones паша] На 
а 


Sand and gravel: 


Construction СЕСЕ 
Industrial 

Stone: ee 
Crushed EN 
Dimension ПЕ 


Combined values of cement, feldspar, iron oxide 
pigments (crude), lime, mica (crude), and values 
indicated by symbol W 
Total 

Hawaii: 
Gemstones, natural 


Sand and gravel, construction -_ 
Stone, crushed m 
Total 
Idaho: 


Gemstones, natural 
Sand and gravel, construction = 
Stone: mE 
Crushed 
Dimension, quartzite, sandstone 


See footnotes at end of table. 
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NA | МА 1 МА | 

(4) (6) (4) (6) (4) ЕС 

2,550 20,600 2,080 24,500 1,620 12,300 

(4) (6) (4) (6) (4) (6) 
MOO 6% 

XX 20,600 XX 24,500 XX 12,300 
— 00 ____ хх 1,300 — 

310 47,000 * 123 18,700 * 198 26,100 * 
4,980 518,000 * 3,150 307,000 * 3,350 304,000 * 

2 W (4) W 2 W 

19 2,520 18 3,000 15 W 

NA 1 МА 2f NA 1 

488 9,760 527 10,100 480 9,710 

28,200 219,000 15,500 ' 124,000 ' 12,500 98,900 

573 7,480 431 8,270 173 3,980 

68,400 894,000 41,200 ' 558,000 ' 42,800 548,000 

XX 2,040,000 XX 3,130,000 XX 1,690,000 

XX 3,730,000 XX 4,160,000" XX 2,680,000 

7 1,350 7 1,350 7 1,350 

952 6,020 631 3,870 657 3,910 

646! 51,800 7 (4) W (4) У 

6,290 872,000 4,970 693,000 5,050 757,000 

МА 74 NA 74 NA 75 

7,360 40,300 5,260 31,100 5.120 28,400 

841 20,700 715 19,300 670 17,800 

61,900 666,000 44,500 ' 510,000 * 42,900 466,000 

169 18,200 153 16,900 264 25,500 

Cn 112,000 ' XX 129,000 ' XX 132,000 


_____ХХ 1,790,000 = XX 1,400,000 " XX 1,430,000 = 


NA 151 NA 151 NA 151 
1,640 29,800 1,130 14,300 932 14,200 
7410 134,000 5,800 ' 101,000 4,750 91,900 


XX 164,000 XX 115,000" XX 106,000 — 


A NA 430 NA 492 ' NA 430 

,800 107,000 12,900 74,800 ' 13,700 78,200 

i 38,800 3,880 ' 26,600 ' 4,030 23,900 
“ы 25 3,370 25 3,520 - 
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(Thousand metric tons and thousand dollars unless otherwise specified) 


TABLE 5— Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE” >? 


2008 2009 2010 
Mineral Quantity Value Quantity Value Quantity Value 
Idaho—Continued: 
Combined values of cadmium (byproduct from zinc 
concentrates), cement (portland), copper, feldspar, 
gamet (industrial), gold, lead, lime, molybdenum 
concentrates, perlite (crude), phosphate rock, pumice. 
and pumicite, sand and gravel (industrial), silver, 
zeolites, zinc XX 921,000 XX 825,000 ' XX 1,080,000 
Total XX 1,070,000 хх. 931,000! XX 1,180,000 
Illinois: 
Cement, portland 2,660 263,000 ° 1,490 141,000 * 1,620 144,000 * 
Clays, fuller’s earth 112 W (4) W (4) W 
Gemstones, natural NA 10 NA 10° NA 10 
Sand and gravel: 
Construction 27,000 168,000 22,500 144,000 19,400 128,000 
es 3,980 108,000 3,440 104,000 4,370 148,000 
Sane, crashed 67,200" 610,000" 56,900" 514,000" 53,100 477,000 
Combined values of clays (common), lime (2008), б 
рей, stone (dimension dolomite), tripoli, and values 
indicated by symbol W XX 60,900 XX 26,900 XX 27,400 
ы. ee XX 1,210,000 XX 930,000 ' XX 924,000 
зи га 
Cement, portland 2,590 226,000 * 2,690 233,000 * 2,470 199,000 * 
Qs common 667 8,080 413 6,610 358 7,110 
= = NA 4 NA 4 NA 4 
= » construction 23,400 ' 141,000 ' 18,800 100,000 18,600 115,000 
Nt о 
 Dmesn ^^ ——————————— 51,800 352,000 44,200 ' 290,000 44,300 291,000 
tail mE EE 203 35,600 206 41,500 173 31,400 
(masonry), clays (ball), 
psum (crude), lime, peat, sand and gravel 
C NE XX 131,000 XX 133,000 ' XX 139,000 
we ee ИН хх 894,000 ' XX 804,000 ' XX 782,000 
A e x = 
dumm T 269 1,140 184 828 201 828 
, Datura! 
о. ИИ МА 3 NA 3 NA 3 
‘Suda реј — 1,250 9,230 (4 W (4 w 
weg ЛЕНИН 15,800 89,500 13,600 87,800 ' 13,800 s 
: 38,700 312,000 32,700 ' 298,000 ' 31,800 292, 
шалмаса ықта ісін 
mi cated by symbol Wo XX 268,000 XX 205,000 ' XX 205,000 
ka XX 680,000 XX 592,000 ' XX 583,000 
узета ЗНА 
Жа ИННИИ 2,400 246,000 * 1,670 170,000 * 1,820 178,000 * 
И 548 2,840 381 2,430 353 1,850 
ИИ МА 1 МА 1 МА 1 
Si ~~ Million cubic meters 79 384,000 68 332,000 78 421,000 
ligue sm ———— —  — — 3,010 178,000 2,710 188,000 3,080 194,000 
DOE S НИ 10,500 51,600 8,580 43,300 9,610 50,300 
Crushed 
lA ec сус. 23,100 180,000 16,900 ' 142,000 ' 16,800 143,000 
See footnotes at end of table, · 20 2,560 29 4,650 47 4,720 
STA 
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TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE" 22 


(Thousand metric tons and thousand dollars unless otherwise specified) 


en А MM E 
Mineral Quantity Value Quantity Value Quantity Value 
е SEG AE LUE соз Зе АОН Ш. 


Kansas—Continued: Е 
Combined values of cement (masonry), clays 
(fuller’s earth), gypsum (crude), helium (crude), 


pumice and pumicite, sand and gravel (industrial) XX 77,500 XX 68,600" ХХ 100,000 
E Коры eH, sand and grave: (шиша) 
Total XX 1,120,000 XX 950,000 ' XX 1,090,000 
Kentucky: 
а ee eT а тла 
Clays, common 419 8,170 288 5,980 284 5,780 
Gemstones, natural NA 173 NA 37 NA 12 
Sand and gravel, construction 7,620 41,700 6,770 ' 36,000" 5,740 30,000 
Stone, crushed 52,700 422,000 47,000" 415,000! 49,200 425,000 
Combined values of cement, clays (ball), gypsum 
_ [crude (2009-10)], lime mE XX 324,000 XX 245,000 ' XX 301,000 | 
_ Total В : _ Хх 796,000 XX 702,000 ' XX 762,000 | 
Louisiana: | | 
Clays, common 509 12,900 353 9,120 151 1,340 
Gemstones, natural К МА 7 NA 7 NA 7 
tet ИН 14,600 231,000 13,200 229,000 14,100 234,000 
Sand and gravel: 
E: == ESPERE | 
| сооп Н | 22,900 231,000 20,600 205,000 20,800 190,000 | 
Industrial | Е 748 23,100 682 25,900 629 25,600 | 
Combined values of gypsum (crude), lime, stone | 
crushed limest d sandst r 
=e ed limestone and sandstone) _ _ XX 123,000 К ХХ 102,000 хх 91600 — 
кен ы алыны ыйы сы ы с ыша ыс гы XX 620,000 XX 570,000 ' XX 549,000 | 
Maine: DUET UU oc ecu nce e LL. LL Le | 
Ee iu eee лакат аи | 
Gemstones, natural NA 282 NA 353! МА 347 | 
_ Sand and gravel, construction č < 10,200 69,400 ' 9,090 59,300 7,840 45,100 
Зое O Mu | 
| селе — | 4,020 33,900 3,600 31,600 3,430 30,200 
E оон с е2. 7 1,720 6 1,300 8 1,250 
Combined values of cement, clays (common), peat XX 56,000 XX 32.600 XX 32,900 
— 5ы "p cr ME CELESTE S а НЫН , 
Total XX , _ ae м 
MEL 161,000 ` 
С E оса аксе а. не ue eu Creme s ОТ , 9 
Maryland: XX 125,000 XX 110,000 | 
one 
_ Gemstones, natural NA | МА | МА | 
Sand and gravel, constructio 
апа and gra СПО 12,000 125,000 ' 7,980 99,200 8,120 82,700 
_ Stone: | | 
Crushed Mp ае ! 
e BER 26,100 237,000 23,300 ' 208,000 ' 21,700 221,000 ` 
.. Dimension _ (4) уу @ W 1.630 
Combined values of cement, clays (common), sand and | i | \ 
gravel [industrial (2008)], and values indicated by | 
symbol W | 
m ee ee a алб ша oe xu ОИ _ 198.000 хх ©. 
О НИЙ 000" г | | S 
Massachusetts: АХ 205,000 хх 305,000 N 
ее —— ——— —— RR 
Clays, common 24 | x 
pies Е n 6 
Gemstones, паша! . NA ү | к (6) 17 " 
Li ] NA 1 N 
E and gravel, construction 108 м (6) (4) (6) (4) (6) \ 
inscio — Др ја Жы , 00 а T 
S ———————— >—>=>= 103,000 9,460 85,600 9,700 91,400 | 
а t 
Crushed 11,200 
S Ed iu c A e салу ыш. , ] 
Dimension | 2 p 11,200 ' 130,000 ' 10,400 120,000 
— Той С See а Ьыу „йд. 6,130 73 21,700 
— XX 240,000 ' x a N. " 
See footnotes at end of table. o M 221,000 | XX 23,00 
2.14 e 77% P 
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TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE 22 


| (Thousand metric tons and thousand dollars unless otherwise specified) 


2008 2009 2010 
Mineral Quantity Value Quantity Value Quantity Value 
Michigan: 
Cement: 
Masonry 99 12,000 * 80 9,800 * 83 10,200 * 
Portland 4,930 502,000 * 3,550 350,000 * 3,480 350,000 * 
Clays, common 365 1,730 318 1,310 312 1,280 
Gemstones, natural NA 2 NA 2 NA 2 
Gypsum, crude 603 4,490 420 ' 3,130 ' (4) W 
гоп ore, usable shipped 12,500 W 8,870 W 11,900 W 
Peat (4) W (4) W 4 W 
Sand and gravel: | 
Construction | 45,100 211,000 34,600 176,000 33,600 192,000 
Industrial 1,500 26,800 1,330 27,700 1,260 27,300 
Stone, crushed 26,100 136,000 20,400 116,000 ' 21,900 122,000 
Combined values of lime, magnesium compounds, 
potash, salt, stone (dimension dolomite sandstone), 
_ Wd values indicated by зуњо č XX 1,130,000 XX 1,080,000 XX 1,490,000 
T a en у. XX 2,020,000 XX 1,760,000 XX 2,190,000 
Minnesota: ee Oe 
ton ore, usable shipped 00- 41,100 W 18,700 W 38,800 3,810,000 
Ohne UO 48 4,540 44 2,850 41 2,500 
T c зз. 34,700 227,000 31,300" 191,000" 32,300 158,000 
О ЛИК (4) W (4) W 1,940 100,000 
Stone: 
D ETE 
p c EBENE ли 10,300 122,000 7,440 ! 92,300 ' 7,350 90,200 
uad ance | 31 17,200 25 16,700 35 15,400 
уз [common (2008)], lime, 
ples indicated улі ПИ хх 3,090,000 хх 1,830,000 XX (6) 
Macr =т= ышы LL НЕ НИ XX 3,460,000 XX 2,140,000 ' XX 4,180,000 
ppi: 5 -— E ee 11d 
ъъ — NN 
эш 77 О>---әФ 
"НЫ ee eee з, 53 3,690 (4) W (4) W 
"ТЫНЫ PEN 433 2,340 263 1,540 259 1,540 
po c ES 384 Ww (4) \ (4) W 
‚ Natural 
шата О МА МА | МА 1 
p E 12,800 91,400 12,700 101,000 12,500 97,100 
Contined values of canon 4,380 88,800 3,130 63,400 2,910 65,500 
sand and gravel [industri . о 
indicated by symbol W M d ы. 
Moa — — Xx ^ 263000 Ххх о XX 198000 _ 


Cement, portland 

ы СӨЗ... 4,650 451,000 < 4,420 434,000 * 6,470 534,000 * 
Sand and gravel: 496 3,470 421 3,020 412 3,060 
E oS RENDERE 

leah ВНИИ 12,400 76,200 11,500 71.900 11,800 73,200 
See agg ee 648 21,400 763 28,900 608 20,000 


Se footnotes at end of table 76,400 614,000 72,800 ' 639,000 ' 70,200 595,000 


STATISTIC 
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TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY 5ТАТЕ! 23 


(Thousand metric tons and thousand dollars unless otherwise specified) 


м0 у 
Mineral Quantity Value Quantity Value Quantity Value 
Missouri—Continued: | 
Combined values of cadmium (byproduct from zinc 
concentrates), cement (masonry), clays (fire, fuller's 
earth), copper, gemstones (natural), lead, lime, silver, 
stone (dimension granite), tripoli (2010), zinc XX 892,000 XX 661,000 ' XX 785,000 
Total XX 2,060,000 XX 1,840,000 ' XX 2,010,000 
Montana: 
Gemstones, natural | МА 380 МА 378 МА 515 
Palladium? kilograms 11,900 136,000 12,700 108,000 11,600 199,000 
Platinum" do. 3,580 182,000 3,830 149,000 3,450 179,000 
Sand and gravel, construction 13,400 110,000 11,200 86,000 ' 10,100 81,800 
Stone: 
Crushed 1,990 ' 14,000 1,990 20,400 2,020 21,200 
Dimension (4) W (4) W 11 2,950 
Combined values of cadmium [byproduct from zinc 
concentrates (2008—09)], cement, clays (bentonite, 
common), copper, garnet (industrial), gold (2008-09), 
lead (2008-09), lime, molybdenum concentrates, silver, 
talc (crude), zinc (2008-09), and values indicated by 
symbol W u XX 924,000 = XX 619,000 XX 652,000 
___ Total XX 1,370,000 XX 983,000 ' XX 1,140,000 
Nebraska: 
Clays, common Е 109 W (4) W (4) W 
Gemstones, natural NA 4 NA 4 NA 4 
Sand and gravel, construction 14,000 75,400 12,900 75,500 12,500 79,900 
Stone, crushed 7,960 78,100 6,200 ' 59,200 ' 6,760 70,100 
Combined values of cement, lime, sand and gravel 
[industrial (2009—10)], and values indicated by 
symbol W - XX © хх 113,000 __ XX 83,600 
Total XX 153,000 XX 248,000 XX 234,000 
Nevada: 
ае 641 29,500 377 18,500 656 35,900 
_ Clays, kaolin (4) W (4) W 19 W 
5 . 
Gold Е | kilograms 178,000 5,000,000 161,000 5,040,000 166,000 6,560,000 
Sand and gravel, construction | 29,500 163,000 19.800 ' 124.000 ' 15.100 87.500 
. 5 Е , , , , 
Silver kilograms 235,000 113,000 203,000 95,900 224,000 145,000 
MC Dol м te e зз... 10,200 95,100 7,380 ' 81,300" 6,970 80,800 
Combined values of cement (portland), clays (bentonite, | 
fuller's earth), copper, diatomite, gemstones (natural), 
gypsum (crude), lime, lithium carbonate, magnesite, 
molybdenum concentrates, perlite (crude), pumice and 
pumicite, salt, sand and gravel (industrial), stone 
dimension), zeolites, and values indicated b bol 
E ) узуш W ХХ 893,000 = XX 641,000" XX 791,000 — 
EL. a E XX 6,290,000 XX 6,000,000" — хх 7,700,000 
New Hampshire: ee А АВИВ 
Gemstones, natural 
ЧА 7 МА 7 МА 7 
Sand and gravel, construction 8.150 51.200 
NO EE MR E : , 6,930 55,600 6,390 54,300 
_ Stone: u 
Crushed 5.170 
сыы ч е қайыс ез e азыт ЕСЕ , 50,900 r 
Dimension, granite 34 еН 4,800 47,600 € 4,320 39,500 
. Total NONE. 107,000 XX 108000 — ху 93,800 - 
See footnotes at end of table. gd ан : XX ___ 2 
2.16 Jas ie 
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TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE" >? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


_ 2008 2009 | 2010 
Mineral Quantity Value - | Quantity КҮЙ Value | Quantity Value 
New Jersey: 
en у NA ] МА | МА 1 
Greensand màn (4) (6) (4) (6) (4) (6) 
Peat (4) (6) (4) (6) (4) (6) 
Sand and gravel: 
Construction 13,600 153,000 11,100 116,000 10,000 105,000 
Industrial Е 1,010 31,800 906 30,200 918 33,600 
Stone, crushed 17,900 - 155,000 14,500 124,000 14,400 119,000 
Total XX 339,000 XX 270,000 XX 258,000 
New Mexico: 
Clays, common 14 120 10 90 13 116 
Copper’ 104 734,000 56 300,000 53 405,000 
Gemstones, natural NA 21 МА 21 МА 15 
Sudand gravel, construction = 14,600 127,000 14,100" 111,000" 11,600 84,400 
Stone: 
Sued 77--- 7,020 43,400 6,000 ' 39,400 ' 4,280 34,100 
Dimension 27 939 32 986 (4) W 
Combined values of cement, gold (2008-09), gypsum — 
(crude), helium [Grade-A (2008—09)], lime 
(2008, 2010), molybdenum concentrates, perlite 
(crude), potash, pumice and pumicite, salt, sand and 
gravel [industria] (2008)], silver (2008-09), zeolites, 
tnd value indicated by symbol W XX 720,000 хх 428,000 ' XX 498,000 _ 
Total 575 1,630,000 — XX 879,000" XX 1,020000 
New York: MEME LC D 111 пати E 
[UU -—— Е 745 28,200 605 30,200 595 30,000 
- Gemstones, natural | МА 96 МА 97 МА 97 
a 227 7,660 431,000 6,240 426,000 6,460 442,000 
acc gavel, construction | m 34,400 260,000 31,100 266,000 30,600 248,000 
one: 
ДЕ gr i „у. 
— aa. 41,000 384,000 | 38,000 ' 431,000 ' 33,000 367,000 
Conbi Tu | 57 16,000 97 28,200 96 26,000 
ues of cadmium [byproduct from zinc 
concentrates (2008), cement, gamet (industrial), 
Pe Sand and gravel (industrial), tale (crude (2006), 
ею | XX 354,000 XX 207,000 XX 193,000 
ае XX 1390000 XX —— 1,310,000 
Ds Rd 
eee LL 
іг MN "nu 1,260 12,900 828 4,980 846 4,890 
Gss a a VM 15 W (4) W 10 bd 
NA 659 NA 1,260 ' NA 1,950 


_ Mica, crude Mc c LINDEN 


Е 22 4,460" (4) w (4) w 


мү O 
gravel: 
beni desee ылы ызы, 
Md ——————.. 0 9,770 58,800 7.570 43,000 8,130 45,700 


| ux NNNM 1,510 29,400 1,300 28,000 1,400 30,900 
pus 2 r 591,000 
“безл соу л. 57,500 806,000 38,700 ' 587,000 is н 
посе 22,300 800 — 
Se foomotes at end of table МИЕНИ EM С НЕ И 
STATISTI 
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TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE 22 


(Thousand metric tons and thousand dollars unless otherwise specified) 


е aa 


2008 Е 2009 | 2010 
" Mineral Quantity Value Quantity Value Quantity Value 
North Carolina—Continued: 
Combined values of andalusite, feldspar, olivine, 
phosphate rock, pyrophyllite (crude), and values 
indicated by symbol W XX 150,000 XX 163,000 " XX 183,000 
Total XX 1,090,000 XX 850,000 ' XX 880,000 
wa Др 5 59000 ХХ 880000 _ 
North Dakota: 
Clays, common 84 549 (4) (6) (4) (6) 
_ Gemstones, natural NA 4 NA 4 NA 4 
Lime (4) (6) (4) (6) (4) (6) 
Sand and gravel: 
Construction 12,100 39,200 14,300 "€ 46,500 € 17,000 66,100 
Industrial (4) (6) (4) (6) (4) (6) 
Stone, crushed 26 133 _ 2950 3,980 835 3,770 
Total XX 39,800 XX 50,400 ' XX 69,900 
я и... 
Ohio: 
_Cement,portland цы 762 74,000 * 550 53,000 * 627 57,800 * 
Clays, common 983 15,900 710 13,400 815 14,600 
Gemstones, natural NA 4 NA 4 NA 4 
S cM ERR 1,670 166,000 1,130 129,000 1.610 164,000 
Sand and gravel: 
Construction 33,800 244,000 27,200 199,000 ' 29,900 232,000 
Industrial 1,010 34,300 849 26,300 821 27,800 
Stone: 
roll IN 
Crushed 54,100 446,000 43,300 € 395,000" 47,200 394,000 
ric 1. M 29 3,660 26 4,790 25 4,440 
Combined values of cement (masonry), clays (fire), peat, 
"M ee 2o XX 0262000 хх 270 хх. 27400 _ 
Total XX 1,250,000 XX 1,100,000 ' XX 1,170,000 
Oklahoma: "m 
Clays, common | 756 3,900 572 2,800 554 2,600 
с опе5, „= МА 4 МА 4 МА 4 
эра сшде 2,180 16,200 (4) W (4) W i: 
Sand and gravel: i 
Constructi | 
- шо | | M os 95,500 11,600 68,200 10,000 60,500 
E ob LL мы шс, | D 2,040 63,700 1,410 40,300 1,900 57,200 
Stone: 
Crushed х 
етее 46800' — 342,000" 36100' 301,000" 39,000 343300 — 
Dimension 53 8,750 35 4,330 30 2,750 
ee a ae ee але > 9 
Combined values of cement, feldspar, helium (Огаде–А), ' 
iodine (crude), lime, salt, tripoli (2008—09), and values | 
indicated by symbol W XX 287.000 ' 
Total | 700 ХХ 240,000" хх 236,000 — 
o XX 817,000 ' XX 657000 хх 702,000 
Oregon: _ OS i ыны ME NNI em 
Gemstones, natural 5 
е э онна. BS oe ИН МА 1,620 | 
Sand and gravel, construction | 14.900 121 us 1,220 NA bee d 
NR , ‚000 12,200 102,000 11,400 93,000 К 
Stone, crushed 23.500 174 | | 
Тл р RENDER ыиы КЕ > ,000 15,500 ' 118,000 ' 16,300 122,000 | 
Combine values of cement (portland), clays [bentonite, ' : 
common (2008)], diatomite, emery, lime, perlite | | 
(crude), pumice and pumicite | 
DEC Т O == - xx Goon ХХ |... 91,500 XX 96,400 _ У 
эы рсы 402,000 атом ^ ^ vv 412 000 Е 
See footnotes at end of table. Е = 22 219:9007 XX 312000 % 


2.18 


U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK—2010 


TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY $ТАТЕ! 22 


(Thousand metric tons and thousand dollars unless otherwise specified) 


ЭСТ ШС ONE a e ос S 


Mineral Quantity Value Quantity Value Quantity Value 
| Pennsylvania: 
Cement: 
Masonry 254 34,000 * 176 23,700 * 147 17,700 * 
Portland 5,150 510,000 * 3,720 ' 354,000 >< 3,380 321,000 * 
Clays, common 640 4,840 451 3,040 344 2,490 
22 Gemstones, natura NA l NA l NA | 
Lime 1,130 126,000 985 126,000 1,110 145,000 
Peat 2 62 3 90 2 58 
Sand and gravel: 
Construction 16,100 132,000 14,000: 115,000 * 13,400 118,000 
Industrial 677 16,300 618 15,600 524 13,400 


Е ts з хы 
Stone: 
а а о 


Crushed 101,000 1,140,000 81,500" 1,000,000" 85,500 1,050,000 
==" 42 11,100 39 9,670 25 5,860 

сис (4) (6) (4) (6) (4) (6) 
Rhode Island: = 
[I T m — NA | NA NA | 
Sand and gravel: 
ео... Мену 2,000 27,400 1,820 23,300 1,450 17,100 

Industria (4) (6) (4) 6) (4) (6) 
г. ЕА 1,840 17,900 1,820 20,200 1,440 15,800 
з палантин ХХ 45,300 ХХ 43,400 ХХ 32,900 
South Carolina Мм— MÀ ы 
Са 
заш = 
ИННЫ 323 41,600 * 174 22,000 * 152 18,300 * 
БЕСЕ а Е 2,930 284,000 * 1,870 169,000 * 2,050 178,000 * 
| ИКЕ 
p C ыс сы; 461 2,130 311 1,300 267 1,190 
ИН 29 66 = M E S 
‘nag ЕНЕ 199 11,300 144 8,590 158 10,500 
Waak ССр eee МА 1 NA | МА 1 
"— (4) 6) 5 Ж - E 

and gravel: 

— = 9,660 46,500 5,900 32,900 7,100 30,200 

Stone 679 21,100 441 14,000 530 14,700 


Crushed 


D LE Ur 22,500 235,000 18,200 201,000 19,200 215,000 
lon 


j 4 © 
Voie EI 4 472 3 401 (4) 


Tota) (4) (6) (4) (6) (4) (6) 
South Dakota: XX 642,000 XX 449,000 XX 468,000 


рени 

Zar рос НОВИЙ 155 W (4) W (4) үу 
ы мт г г 10,500 44,300 

DS MS 12,500 48,000 10,600 38,000 5 А 


| г or 4,890 32,200 
Combined values of cemen 5,390 34,300 4,540 29,90 
gemsto | 
ма наш) bold, gypsum (crude), iron ore 
IPPed), lime, mica (crude), silver (2009—10), 


Stone (dimensi р 
Symbol W lon granite), and values indicated by 


Je ______ XX 165,000 XX 163,000 ' XX 152400 
| 258,0 
See footnotes at eng Of table, хх 247,000 хх 231,000 хх 
тс SUMMA} 
Ts Y—2010 Т 


in 


t (portland), feldspar, 


TABLE 5—Continued 


NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE! >? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2008 2009 2010 
Mineral Quantity Value m Quantity | Value .. Quantity Value 
Tennessee: | 

Clays: 

Ball 568 25,900 511 22,800 570 25,600 

Common 155 1,090 113 ' 816 113 817 
Sand and gravel: 

Construction ЕЕ 7,180 56,200 5,360 42,800 5,900 47,000 

Industrial 983 32,800 783 27,100 907 30,500 
Stone, crushed 46,200 461,000 40,300 ' 453,000" 40,900 ` 464,000 
Combined values of cadmium (byproduct from zinc 

concentrates), cement, clays (fuller's earth), gemstones 

(natural), lime, salt, stone (dimension marble), zinc XX 281,000 XX 150,000 XX 263,000 


Total 


XX 859,000 XX 697000! XX 831,000 
SEX 900 хх — 831000 _ 


Texas: 
Cement: 
a U PNG 274 40,300 * 202 28,300 * 199 | 26,800 * 
Portland 11,100 1,110,000 * 8,350 815,000 * 8,870 785,000 * 
"yate eee eicere ee c uu o 
Clays: 
Ile" LEES 
Bentonite 73 12,000 54 8,610 64 9,900 | 
—————— NM 
Common 2,070 13,700 1,800 13,000 1,740 14,000 | 
Kaolin | (4) W (4) W 47 13,900 
Gemstones, natural | МА 202 МА 202 NA 203 
Gypsum, crude 1,870 13,900 (4) W (4) и | 
ео 1,500 128,000 1,040 105,000 1,280 136000 
ааг 9,080 157,000 8,910 164,000 9,130 173,000 | 
Sand and gravel: | 
BON NOCHE IMMER : 
ма 88,200" 632,000" 70,000 527,000" 69,500 325,000 — : 
Industrial 3,590 139,000 2,130 84,400 3,610 162,000 
Stone: 
E rushed 150,000 1,100,000 110,000 788,000 ' 114,000 807,000  ; 
Dimension " 269 27,700 236 42,000 195 57,000 
Combined values of brucite (2008), clays [ball, fire | т 
(2009—10)], fuller’s earth], helium, tale (crude), | 
zeolites, and values indicated by symbol W XX 71,700 XX 78.400 ' XX 72,100 | 
Total XX 3450000 — Бан 2,650,000 ХХ 2,780000 — 
Utah: ммм —— ——2890000 хх 278000 _ | 
Beryllium concentrates metric tons 4,410 | 
QUE , N 
Clays, common Б ® oh A рен A | 
479 10,200 342 7,230 322 1020, 
Gemstones, natural NA 781 NA E B КА 786 ` 
Salt i 
(o RUN PERS 2,150 139,000 2,000 152.000 1.940 100,000 ` 
Sand and gravel, construction - 38,900 222,000 32.400 190.000 25.700 148.000 ` 
Stone: | ‹ ' i 
Crushed 
8,950 72,700 r 
Dimension, sandstone | 9 707 4,790 39,100 ' 5,840 ier | 
Combined values of cement (portland), clays (bentonite), ? Pu d zi с 
copper, gold, gypsum (crude), helium (Сгаде-А), lime, ` 
magnesium compounds, magnesium metal, 
molybdenum concentrates, phosphate rock, potash, 
silver 
Total xx № ХХ — 3,520,000 ' XX 408000 | 
Vermont: | ше 4,170,000 XX 3,910,000 ' XX 4,380,000 1 
Gemstones, natural NA ` 
Sand and 1 i ! МА 1 МА 1 ' 
| gravel, construction 4,960 33.600 3 
See footnotes at end of table. Ре SE - __. „36700 = 4,770 22497 | 
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TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE” >? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


gr 272 2008 2009 2010 
Vile Mineral Quantity Value Quantity Value Quantity Value 
~~ Vermont—Continued: 
Stone: 
мр Cnshed 5,690 47,500 5,480" 55,900! 6,080 64,100 
yg Dimension 112 35,900 108 30,000 68 21,900 
E CIR (4) (6) (4) (6) (4) (6) 
am Т0 XX 117,000 XX 123,000 ' XX 121,000 
йй Virginia: 
wagy (һу common 766 8,540 505 5,830 503 6,010 
—— Куш а. 97 25,500 71 21,000 ' 93 28,000 
Sand and gravel, construction 10,400 111,000 7,230! 82,200". 7,690 88,200 
(00 Stone: 
ІШ _ Crushed 57,400 712,000 42,300 ' 580,000 ' 44,100 613,000 
+ Dimension (4) W (4) W 14 3,920 
Combined values of cement, clays (fuller’s earth), місе 
ТТІ ' feldspar, gemstones (natural), iron oxide pigments 


sq’, __[orude (2008-09)], lime, salt, sand and gravel 
| (industrial), titanium concentrates (ilmenite), 

i vermiculite (crude), zirconium concentrates, and 
о _Yalues indicated by symbol W XX 
ш ШШ _ | | == 
в Машо: | 
1 _ (вуз соттоп = = zd, D 88 360 (4) W uL ы 
м | _ Gemstones, natural С | | МА 50 МА 65 МА o 
y | _Opsum, crude | 

Peat (4) 75 (4) W (4) W 
p | Sand and gravel, construction | 325,000 ' 29,900 230,000 27,200 188,000 
«| Sone crushed | 17,500 168,000 14,800" 132,000" 14,800 133,000 

Combined values of cadmium [byproduct from zinc 
у Concentrates (2008-09)], cement (portland), clays 
T [fire (2009-10)], diatomite, gold, lead (2008—09), 

lime, olivine, sand and gravel (industrial), stone 

(dimension miscellaneous), zinc (2008—09), and 

lues indicated by symbol W 
| Tl | че ы arci 
West Virginia: = 


303,000 
1,040,000 


318,000 XX 
1,170,000 XX 


260,000 XX 
949,000" XX 


289,000 XX 
651,000 * XX 


391,000 


228,000 XX | 
712,000 


ХХ | 28000 X : 
XX 722,000 XX 


| _ Clays, common 4 2 АНЕ чарна (4) W (4) W 138 200 
IE I — NA l NA l NA | 
„Ораше | 


$ Е — -- 119 889 (4) W 
„Stnd and gravel: 


uid — с. | 426 3,840 410 3,480 448 3,740 
-— г караз 338 17,200 241 14,700 277 17,300 


pen 15,200 127,000 12,300" — 112,000" 14,700 141,000 


Co М / a Man не ај = 
mbined Values of cement, lime, salt, stone 
(dimension sandstone), and y 


alues indicated by 
tol 71,600 XX 109,000 — 


Tod о > ie XX 
Wisconsin: ы 
—— 


Gemstones, natural ты. 


Lime 
T 


ы 


footnotes at end of table, қ 
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85,300 XX 


234,000 


7 
71,500 


202,000 ' 


7 
70,000 * 


272,000 


7 
81,200 
W 


линии 
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TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE" 23 


(Thousand metric tons and thousand dollars unless otherwise specified) 


Ера оо о  —— 
Mineral Quantity Value Quantity Value | Quantity Value 
Wisconsin—Continued: 
Sand and gravel: 
Construction 36,200 190,000 28,300 * 139,000 ' 26,000 133,000 
Industrial 3,290 120,000 2,730 105,000 3,390 142,000 — : 
Stone: 
Crushed 25,900 238,000 23,100" 179,000 : 22,600 130,000 | 
Dimension 250 33,300 207 29,800 144 23200  : 
Total XX 652,000 XX 523,000 ' XX 509,000 —— 
Wyoming: 
Clays: 
Bentonite 4,400 233,000 3,230 172,000 4,150 225,000 
Common 37 89 41 104 12 33 
Gemstones, natural МА 14 МА 14 МА . 14 
Sand and gravel, construction | 17,500 103,000 17,200 92,200 14,300 71,500 l 
Stone, crushed 12,100 57,100 16,000 75,400 8,910 40300 
Combined values of cement (portland), gypsum (crude), | 
helium (Grade-A), lime, soda ash, stone (dimension) XX 1,640,000 XX 1,460,000 XX 1,530,000  , 
Total XX 2,030,000 XX 1,800,000 XX 1,860,000 
Undistributed: к 


Connecticut, Delaware, Maryland (2010), Massachusetts, 
Minnesota (2010), Nebraska (2008), New Hampshire 
(2010), New Jersey, North Dakota, Pennsylvania, 
Rhode Island, South Carolina, Vermont, Wisconsin 
(2008, 2010), Undistributed XX 167,000 
"Estimated. "Revised. NA Not available. W Withheld to avoid disclosin 
XX Not applicable. -- Zero. 
"Table includes data available through June 6, 2012. 
"Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 
*Data are rounded to no more than three significant digits; may not add to totals shown. 
*Withheld to avoid disclosing company proprietary data. 
"Recoverable content of ores, etc. 
Withheld to avoid disclosing company proprietary data; value included in "Undistributed." 
"Excludes attapulgite; included in “Combined values." 


XX 89,500 XX 424,000 
8 company proprietary data; included in *Combined values" data for each State. 
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TABLE 6 
NONFUEL RAW MINERAL PRODUCTION IN THE COMMONWEALTH OF PUERTO RICO AND ISLANDS ADMINISTERED 
BY THE UNITED STATES"??? 


(Thousand metric tons and thousand dollars) 


Estimated, ‘Revised. W Withheld to avoid disclosing company proprietary data. XX Not applicable. 

Table includes data available through June 6, 2012. 

Polio as measured by mine shipments, sales, or marketable production (including consumption by producers). 
Data are rounded to no more than three significant digits; may not add to totals shown. 


2008 2009 2010 

| Mineral Quantity Value Quantity Value Quantity Value 
M Cement, portland 1,300 W 936 W 755 W 
Clays, common 75 437 54 328 54 328 

ЕТ” | 11 998 11 1,750 12 3,660 
| че 45 1,500 45 1,500 45 1,500 
| Stone, crushed 11,000 87,100 ' 9,450 ' 72,400" 8,060 68,200 
ШЕТ | XX 90,000 ' XX 76,000 " XX 73,700 

| Administered Islands: 

American Samoa, stone, crushed W W W W W W 

|| Quam, stone, crushed 325 3,430 ' 296 3,0607 ` 114 1,180 
| Virgin Islands, stone, crushed W W W W W W 
|| Ты XX 3,430 ' XX 3,060 ' XX 1,180 
| былыты 11212-77 ы -----:-:::-:Б-Б-БББ>>---->--2----5--- 
| 


\ 


дд 
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TABLE 7 
U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS "2 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2009 2010 
Mineral or product Quantity Value Quantity Value 
Metals: 


Aluminum: 


Crude and semicrude metric tons 2,710,000 5,910,000 3,040,000 7,650,000 
Manufactures do. 122,000 479,000 128,000 570,000 
Antimony: 
Metal, alloys, waste and scrap | do. 385 2,000 427 2,230 
Oxide, antimony content do. 1,710 9,660 2,120 12,000 
Arsenic metal, arsenic content do. 354 793 481 1,020 
Bauxite and alumina: 
Alumina, calcined equivalent 946 488,000 1,520 724,000 
Bauxite: 
Calcined, refractory and other grade 21 10,900 19 7,400 
Crude and dried gt 268 21 618 
Specialty aluminum compounds, sulfate, chloride, fluoride-based metric tons 28,500 32,500 37,600 37,600 
Beryllium, unwrought, and waste and scrap, other including articles not 
elsewhere specified, beryllium content kilograms 22,900 11,700 38,700 24,300 
Bismuth, metal, alloys, waste and scrap, bismuth content do. 397,000 5,820 704,000 8,140 
Cadmium: 
MOM) et ee Иа 249,000 537 231,000 945 
- Sulfide, gross weight ц 8 46,900 24 
Unwrought and powder | do. 276,000 1,270 75,300 571 
mi And c M VIN do. 137,000 319 is - 
Chromium: 
NI ———————— soo м йа з 
E" TTE 
Metal, ВОВЕ powders, waste and scrap, other do. 411 13,300 597 18,400 | 
Ferroalloys, high-carbon, low-carbon, ferrochromium-silicon do. 4,780 6,820 9,130 12,900 | 
Chemicals: | 
Oxides, trioxide, other do. 12,000 27,900 19,900 56,700 ` 
Sulfates do. 16 114 60 306 — 
Salts of oxometallic or peroxometallic acids, zinc and lead chromate, sodium | 
dichromate, potassium dichromate, other do: 20,500 23.100 30.500 31.500 ` 
Pigments and preparations do. 1,220 13,800 2,540 scii ; 
Cobalt: | 4 ” ' 
Acetates | 
до. 
rem Ы » М = = 
Oxides and hydroxides до. 225 5 cen 525 2380 ; 
жос НЫ do. 2,120 77,300 2,350 75000 — 
Copper: ' : : i | 
Unmanufactured, does not include unalloyed scrap, copper content do. 299,000 1.280.000 TM | 
Semimanufactures | do. 194,000 11400 zi 40,000 
|... Scrap, alloyed and unalloyed do à | я 238,000 ыш, 
Ferroalloys not listed elsewhere. ~~ 43,000 2,010,000 1,030,000 3,550,000 8 
юш —Àn | 
E. EMEND ——C————: , 2,080 1,030 2,000 
Gola: do. 3,130 6,840 4,570 9210 + 
Ores and concentrates с 7 3:165 | 
.. Dore and precipitates Бн um 48,600 3,460 102,000 — ; 
Bullion, refined ика hé p 3,000,000 84,400 3,160,000 — . 
Waste and scrap PR LL LL) , 8,760,000 295,000 11,400,000 . 
See footnotes at end of table. uo 728,000 ___ 1,750,000 660,000 2,180,000 i 
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TABLE 7—Continued 
U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS '? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2009 2010 
Mineral or product Quantity Value Quantity Value 
Metals—Continued: 
Gold—Continued: 
Metal powder kilograms 329 8,460 2,340 74,700 
Compounds do. 2,680,000 64,600 4,270,000 107,000 
Iron and steel: 
Steel mill products 8,420 NA 11,000 NA 
Fabricated steel products 1,560 NA 2,010 NA 
Cast iron and steel products 238 NA 287 NA 
Iron and steel scrap: 
Ferrous, includes tinplate and terneplate, excludes used rails for rerolling and other uses 
and ships, boats, and other vessels for scrapping 22,400 7,120,000 20,500 8,380,000 
Pig iron, all grades 11 4,200 2,220 13,400 
Direct-reduced iron, steelmaking grade metric tons 271 38 974 115 
Ships, boats, and other vessels for scrapping 4 773 4 743 
Used rails for rerolling and other uses, includes mixed (used plus new) rails 59 38,700 49 41,000 
P 
Пор ore 3,920 356,000 9,950 1,090,000 
LR ERE 
Lead: 
Base bullion, lead content metric tons 34 113 199 757 
Ore and concentrates, lead content ао. 287,000 275,000 299,000 472,000 
Е САО аЬ 
Unwrought and alloys, lead content do 77,600 80,100 77,700 84,100 
ааа 4°. > 9 , И 
-Wrought and alloys, lead content 7 do. 4,310 8,280 5,590 9,170 
—mpgoswiht тер 140000 72,000 43,500 33,800 
Magnesium: 
Waste and scrap, magnesium content do. 2,280 5,200 481 802 
"s magnesium content do. 6,120 20,500 5,300 19,800 
0у$, gross weight do 9.190 40,400 6,940 30,900 
"Та a OO, , , , , 
ты stets, tubing, ribbons, wire, other forms, gross weight do. 2,050 30,500 2,070 20909 
anganese, gross weight: | 
[ЖЕТТЕН а EE 
and concentrates with 20% or more manganese до. 15,300 3,830 13,900 die 
aa all grades do. 24,200 27,900 19,100 27,800 
Шсотапрапее 17,500 9,360 13,100 
а ëO 18,800 у , , 
= including alloys and waste and scrap do. 3,150 " 8,090 ' 3,660 10,300 
[oz р НИХ оь 8,420 13,400 8,990 14,700 
шу: 
и 
р a S 753 10,300 459 6,830 
a gams of precious metals whether or not chemically defined do 154 238,000 203 274,000 
_ Molybdenum: : 
aiana клан, ыы ыыы ыза ы кы ы ыш ы; ue 
ыш = including roasted and other, molybdenum content do. 29,600 631,000 40,600 1,050,000 
| ER Уго, gross weight do. 10,600 159,000 6,040 99,300 
yodates, all, gross weight do. 1,500 18,000 1,680 26,200 
- ив molybdenum content do 827 22,400 978 о 
er, inc] : 
"s s powders, unwrought, bars and rods, waste and scrap, wire, other, 
Nota os 112,000 2,540 153,000 
n арален наснаасаа iis 
Seong nett and chemicals do. 7,020 313,000 12,600 345,000 
| ondary, stainless stee] Scrap and waste and scrap do 90,000 814,000 80,300 1,030,000 
Я ought, not alloyed b Г - : 35,400 
Alloyed, unwro 8 rods, profiles, wire, sheets, strip, foil, tubes, pipes do. 975 24,200 1,900 , 
Мейр Bi nds bars, rods, profiles, wire, sheets, strip, foil, tubes, pipes, 
icles, gross weight 120,000 34,500 1,320,000 
See footnotes at end of table, = =: 30,7% : 
STATISTIC 
AL SUMMARY—2010 2.25 


қан 


ET C 


TABLE 7—Continued 


U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS "? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


moma — T RRRÉÓ 


2 


2010 
Quantity 


Mineral or product Quantity Value Value 
Metals—Continued: 


Niobium (columbium) and tantalum: 


Niobium: 
Ores and concentrates kilograms 
Ferroniobium do. 
Tantalum: 
Ores and concentrates, includes synthetic | do. 
Unwrought powders, waste and Scrap, unwrought alloys and metal do. 
Wrought do. 
Platinum-group metals: 
Palladium, palladium content do. 
Platinum, includes waste and Scrap and metal, platinum content ^. do. 
Iridium, osmium, ruthenium, gross weight do. 
Rhodium, rhodium content do. 
Rare earths, estimated rare-earth oxide content: | | 
Cerium compounds do. 
Ferrocerium and other pyrophoric alloys Е до. 
Compounds, inorganic and organic do. 
Metals, including scandium and yttrium do. 
Selenium and tellurium: 
Selenium, selenium content do. 
Tellurium, tellurium content | до. 
Silicon, gross weight: | 
_ Ferrosilicon metric tons 
Metal Е 
Silver: С 
_ Bullion, silver content E kilograms 
Dore, silver content do: 
Metal powder, gross weight т. | do. 
Nitrate, gross weight do. 


Ores and concentrates, silver content do 


ое Е 
Waste and scrap, gross weight MEM Qe лес 
oL PEE Weight с 


do. 
Unwrought, other, gross weight | 


à do. 
Thorium: nc 
к | Т 
Ore, monazite concentrate PR 
Верта | И 
Thorium and thorium-bearing materials, compounds aa. 
Se horium-bearing mate | 


Tin: 
————— 
__ Ingots and pigs ини: — са 
Tin scrap and other tin bearing materia], except tinplate Scrap, includes rods, profiles, — 
wire, powders, flakes, tubes, pipes 


rn CENE " do. 
___ Tinplate and terneplate К MD 


Titanium: и 


Metal, waste and scrap, unwrought, wrought products and castings, ferrotitanium 
and ferrosilicon titanium 


Ores and concentrates 


са ш, do. 


pcs Il nec Е 
Tungsten, tungsten content: 

.Ammonimnpantngsae — з о кыне 2.2 ы 
. „Carbide powder — — TOUR | "i 
_ Metal powders IE 


See footnotesatendoftable, зз 


2.26 


17,000 
240,000 


318,000 
179,000 
52,200 


30,300 
47,100 
4,020 
1,220 


840,000 
2,970,000 
455,000 
4,920,000 


618,000 
8,130 


14,200 
37,900 


167,000 
130,000 
834,000 
27,900 
122,000 
525,000 
2,480,000 
29,000 


18,000 
4,730 


3,170 
11,600 


224,000 


23,300 
14,800 
649,000 


375 


468 "° 
„960 5e 
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954 
2,740 


2,900 
50,100 
26,900 


229,000 
1,040,000 
34,400 
48,400 


8,040 
28,000 
6,210 
15,700 


10,400 ' 


1,210 


16,900 
2,070,000 


93,600 
72,700 
434,000 
2,690 
55,400 
252,000 
4,300,000 
21,200 


269 * 
379 


22,200 


46,200 
175,000 


799,000 
8,230 
1,310,000 


5,990 
19,600 
2 25,500 


24,900 
395,000 


172,000 
315,000 
65,200 


38,100 
55,100 
3,720 
2,320 


1,350,000 
3,460,000 
1,690,000 
1,380,000 


919,000 
59,000 


25,400 
65,900 


523,000 
104,000 
1,280,000 
53,500 
82,100 
617,000 
3,760,000 
87,300 


(3) 
1,500 


5,630 


15,600 
209,000 


24,100 
18,900 
758,000 


538 
1,220 * 
803 * 


228 
4,190 


3,100 
79,000 
35,900 


419,000 
1,880,000 
36,800 
136,000 


14,300 
19,000 
21,200 
27,500 


16,000 
5,400 


29,600 
2,700,000 


326,000 
45,900 
874,000 
4,540 
47,700 
353,000 
5.990,000 
49,800 


15 
605 


35,900 


70,300 
171,000 


868,000 
11,800 
1,690,000 


8,840 
43,600 
39,600 


H 
D 


TABLE 7—Continued 


U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS "2 


(Thousand metric tons and thousand dollars unless otherwise specified) 


Mineral or product 


Metals Continued: 
Tungsten, tungsten content—Continued: 


Miscellaneous tungsten-bearing materials, ferrotungsten, ferrosilicon tungsten, 


unwrought, waste and scrap, wrought, compounds metric tons 
52 Ores and concentrates do. 
_ Vanadium: 
|| Aluminum- vanadium master er alloy, gross weight kilograms 
Y — Fenovanadium, vanadium content — — — do. 
Du ~ Metal, in including waste and scrap, gross weight do. 
Pentoxide, anhydride, vanadium content do. 
Ін Other oxides and hydroxides, vanadium content do. 
HP Zines | 
Ж. Compounds, chloride, chromates of zinc or of lead, compounds n.s.p.f.^, lithopone, 
W^ — — oxide, sulfate, sulfide, gross weight metric tons 
_ Ores and concentrates, zinc content д do. 
Із ETE қ рым дыбы _ do. 
и Slab | do. 
11 Zirconium: 
7% Pemwirconium do. 
.. Ores and concentrates P Aci do. 
i А ШІ includes germanium oxides and zirconium nium dioxides | dye р 
ўи ШІ! powders | 4 че, ~ do: 
Майс and scrap do. 
Ni ЕТІ | P 


ТШ [m minerals: 


Abrasives, manufactured: 


TE Aluminum oxide, crude 


metric tons 


TE _ Metallic abrasives 


ET carbide, crude, ground and | refined 
S gm includes ; Feexports: 


do. 
do. 


ui ЕТІПТІ 


| 
ji | Unmanufactured 


Barite, natural barium sulfate 


do. 


№! Bo 
ton minerals and compounds: 


. Borie acid, includes orthoboric and anhydrous 


__Sodium borates 


Bromine: a 
— 


_ tent 


thylene dibromide, bromine i 


.. Elemental, gross weight | 
Cement, hydraulic and clinker’ 
Clays: 

Ball 

—À 


| 
| 
| 
Compounds, includes methyl bromine and e 
... Bentonite | DE 


Persen ~ 
ЕТ" к. 
i tn 


| Other n с. Includes ch 
бы clays 
| Dany; Sik F 


NH енер 
E natural including Teexports иса 
Sottotes at end of table. p" m 


do. 


Fire ee 2 e 
c 


metric tons 


metric tons 


amotte or dinas earth, activated clays and earths, artificially 


thousand carats 


STATISTI 
CAL SUMMARY—2010 


D 


2009 


Quantity 


1,520 
38 * 


11,200,000 
672,000 
22,700 
401,000 
506,000 


25,400 
785,000 
6,160 
2,960 


566 


12,300 
25,900 
20,700 


NA 
59 
49,300 


171 
417 


2,310 


3,810 
884 


35 
709 
328 

90 

2.290 


374 


25,200 


Value 


48,600 
1,080 


27,800 
15,000 
1,040 
4,970 
5.270 


47,500 
656,000 
17,700 
3,070 


1,140 
36,300 
31,400 

7,660 

192,000 
49,100,000 


32,000 
32,200 
37,700 


24,500 
69 
10,200 


109,000 
176,000 


6,510 


5,930 
107,000 


2,430 
100,000 
42,800 
28,500 
459,000 


69,500 


9,940,000 


2010 


Quantity 


1,790 
276 * 


11,900,000 
611,000 
21,200 
140,000 
1,100,000 


26,800 
752,000 
7,380 
4,200 


569 
47,400 
5,630 
438 
1,620 
XX 


20,000 
30,800 
23,100 


NA 
171 
109,000 


264 
423 


3,620 


4,530 
1,180 


45 
953 
404 
100 

2,470 


383 


23,700 


Value 


60,200 
6,450 


33,300 
18,100 
671 
2,140 
10,600 


53,700 
903,000 
NA 

NA 


1,200 
51,100 
59,000 
16.400 

147,000 
65,300,000 


67,900 
41,300 
56,000 


27,000 
121 
17,800 


170,000 
218,000 


14,300 


7,970 
168,000 


3,300 
143,000 
61,500 
35,400 
537,000 


82,600 
1 


14,100,000 


2.27 


TABLE 7—Continued 
U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS "2 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2009 2010 


Mineral or product Quantity Value Quantity Value 
Industrial minerals—Continued: 
m dm 
Mau RT. IMMER RR 


Diamond—Continued: 
Industrial including exports and reexports: 
Unworked thousand carats 948 ' 17,500 1,080 23,400 
Powder, dust and grit, natural and synthetic do. 76,900 37,600 131,000 61,500 
Diatomite | 88 41,100 86 44,500 
 Feldspar ' metric tons 7,520 1,150 16,800 2,280 
жми Меню 
. Fluorspar do. 14,100 2,230 17,900 2,740 
. Garnet, industrial | do. 13,200 10,700 11,700 14,400 
L] . О ОАА ЕЕ a алыс a a 
Graphite, natural and artificial do. 46,400 130,000 45,600 152,000 
Gypsum and gypsum products: 

Crude 156 16,000 360 19,300 
EI MEME 155 37,800 190 42,200 

Boards 665 120,000 729 129,000 

d XX 50,200 хх 66,200 
. Helium, Grade-A million cubic meters 71 160,000 77 179,000 

ОИ и: 

Crude, resublimed metric tons 1,160 22,900 1,070 22,300 
NH I -—————————s 128 ' 2.720 442 9,330 
. Iron oxide pigments and hydroxides: PD CE E | 

Pigment grade do. 5,640 15,500 9,490 17,000 

Other grade PORE do. 11,300 18,500 44,700 34,400 
.. Kyanite, andalusite, sillimanite* 26 7.510 38 11.300 

Lime ЕВ , , 
= 108 18,500 215 36,200 
Lithium chemicals: SSS __ 
о НОВА - кре л 
ee metric tons 1,030 7,040 1,370 7,910 
____ o do 4,400 31,600 6,960 43,600 
Magnesium compounds: 
Compounds, chlorides, hydroxide and peroxide sulfates Е ас 
- : do. 37,800 . 25,100 
Magnesite, crude and processed: à и TM 
Caustic-calcined magnesia MONDE MEL re 
do. 5 165 
Dead-burned and fused magnesia do 8 s 5 i 8 eh 6,550 
Other "X -———  —— фо , , < , 
ae = . do. 12,700 13,500 18,100 20,300 
do. 
Mica: | 10,500 1,480 8,920 1,310 
Scrap and flake: 
Powder 
Waste нан MR. 5,940 8,850 5.550 8,190 
= . do. 
ИТИНИ ПЕ 2,090 1,600 935 468 
Unworked = SSS ООО 
о T 96 437 53 163 
| d 
. Nitrogen, major compounds, gross weight | Е e 15,300 879 e 
Peat , NA 7,910 
Ш RR 77 8,570 69 7,230 
Perlite, crude Wee ее Le metric tons 33,000 NA NA 
Phosphate rock: и ue : 42,000 

Diammonium phosphate 

Elemental phosphorus - 5,530 1,820,000 4,090 1,710,000 

Monoammonium phosphate 17 66,000 18 56,600 

Phosphoric acid а ---- 2,110 717,000 2,330 1,000,000 
_ Potash: | -— 535 142,000 673 235,000 

Potassium chloride | s 

See footnotes at end of table. = 3200 — ONA 248,000 _ МА 


2.28 
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TABLE 7—Continued 


U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS "2 


(Thousand metric tons and thousand dollars unless otherwise specified) 


PPM E I LC с — cn ——————ÀÁ—— J—X ———O—— D 2-22 АА 


[" Mineral or product 


Industrial minerals—Continued: 
Potash—Continued: 

Potassium sulfates, all grades 
h Potassium nitrate 
(là Pumice and pumicite 
и Salt 
у Sandand gravel: 
"n Construction: 
lii Sand 
ШІ Gravel 

Industrial 
Wi Silica, special stone products 
b Sodaash 


do. 
do. 


Yi Stone: 


КІ Crushed 


Ji Dimension 
Strontium compounds: 

у Carbonate, precipitated 

y: Oxide, hydroxide, peroxide 
Sulfur: 


а ИРЕНЕН 
i Elemental 


kilograms 


do. 


jl | Sulfuric acid, 100% Н,80, 
] Tak, excludes powders-talcum (їп package), face, compact 


Іі Vermiculite® 
i Sa a eo о шлш шр, м 


| -Mhsmi metric tons 
|, Zeolites‘ do. 
о 

Ы © cel cipe eee 5 


| рр: А + х 
| они Revised. do. Ditto. NA Not available. XX Not applicable. -- Zero. 
able includes data available through June 6, 2012. 


Data И Р 
A are rounded to no more than three significant digits; may not add to totals shown. 
, Less than %4 unit, 


№ specifically provided for. 
Excludes Puerto Rico, 
Not elsewhere Classified, 


STATISTI 
CAL SUMMARY. 2010 


2009 2010 
Quantity Value Quantity Value | 
355,000 NA 555,000 NA 
8,450 6,250 9,990 9,070 
11 5,130 ' 13 5,970 
1,450 74,100 595 69,300 
79 19,000 59 16,600 
360 4,050 322 6,010 
2,150 175,000 3,950 323,000 
МА 7,640 МА 11,300 
4,410 838,000 5,390 886,000 
1,260 58,300 1,210 52,100 
XX 48,300 XX 54,500 
159,000 ' 107 121,000 105 
614,000 ' 355 ' 707,000 395 
1,430 82.200 1,450 171,000 
254 23,900 215 26,400 
188 37,600 224 47,200 
3 610 2 575 
10,000" 3,060 ' 10,000 3,120 
200 47 4000 94 
XX 16,200,000 ' XX 21,500,000 
XX 65,300,000 ' XX 86,800,000 


2.29 


TABLE 8 


U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS "2 


(Thousand metric tons and thousand dollars unless otherwise specified) 


TT ў ---, -Б->-- 
Mineral or product Quantity Value? Quantity Value’ 
Meas И е ши” 
Aluminum: 


Crude and semicrude metric tons 


Manufactures do. 
Antimony: 
Metal do. 
Ore and concentrate, antimony content do. 
NECK ge IMEEM. 


Oxide, antimony content do. 
Arsenic: 
Acid do. 
Metal do. 
Sulfide 


do. 

Trioxide do. 

ETUTT—  — % 
а зла 


Alumina, calcined equivalent 
Bauxite: 
Calcined, refractory and other grade 
|. Crude and dried 
Specialty aluminum compounds, sulfate, chloride, fluoride-based 
Beryllium, ore, concentrates, oxide, hydroxide, unwrought including powders, 
waste and scrap, other, beryllium-copper master alloys, beryllium-copper plates, 


metric tons 


___ Sheets, strip, beryllium content kilograms 
Bismuth, metallic do. 
Cadmium: 

Metal do. 

.. Sulfide, gross weight do. 

___Unwrought and powder ка до. 

___ Waste and scrap 

.. Chromium: = 

Chromite ore | metric tons 
Metals and alloys: ЕСС 
Ferroalloys, high-carbon, low-carbon, ferrochromium-silicon do. 
Metal, unwrought powders, waste and Scrap, other do. 

___ Chemicals: “С 
Oxides, hydroxides, trioxide and other _ do. 


u Sulfates 


Salts of oxometallic or peroxometallic acids, zinc and lead chromate, sodium x: 
ы _dichromate, potassium dichromate, other do. 
Carbide | | аа 
Pigments and preparations based on chromium MR NEM =: 
Cobalt: | Puede 
Metal: e == 
Unwrought, excluding alloys and waste and scrap, includes cathode and metal 
powder, may include intermediate products of cobalt metallurgy do. 
Oxide and hydroxides, content do. 
Other forms, includes acetates, carbonates, chlorides, sulfates, content do. 
Copper: 
Unmanufactured, does not include unalloyed scrap, Copper content do 
Semimanufactures | F ©. 
Scrap, alloyed and unalloyed MED A 


Ferroalloys not listed elsewhere: — | | = 
Ferrophosphorus 
See footnotes at end of table. 


—— a 


— 


2.30 


metric tons 
Е. 


2 


4,110,000 
264,000 


4,750 
167 
15,200 


23,800 
1,250,000 


4,940 
135,000 
117,000 


77,200 


248,000 
7,570 


9,100 
71 


15,300 


165 
1,700 


5,870 


1,050 € 
751! 


133,000 
225,000 
71,800 


138 


U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK—2010 


009 


7,980,000 
732,000 


19,600 
1,010 
81,000 


11 
1,890 
334 
2,740 
613,000 


91,600 


355,000 ^ 


30,600 


5,720 
20,600 


17,500 


294,000 
74,900 


28,000 
88 


18,100 
3,060 
8,650 


198,000 
37,500 
27,300 


3,510,000 
1,050,000 
237,000 


ИЕ 


4,120,000 
281,000 


5,360 
181 
20,600 


60 
769 
13 
5,920 


1,720 


691 
8,120 
50,200 


271,000 
1,620,000 


4,910 
255,000 
216,000 

59 


139,000 


524,000 
13,000 


8,240 
325 


769 
242 
2,280 


8,750 
1,450 
854 


634,000 
234,000 
95,800 


. 4650 


10,300,000 
930,000 


39,100 
1,840 
144,000 


43 
2,440 
35 
2,830 


711,000 


146,000 
411,000 4 
53,300 


20,600 
30,100 


29,600 


791,000 
148,000 


27,900 
351 


2,730 
4,370 
11,600 


350,000 
60,700 
28,900 


4,680,000 
1,630,000 
403,000 


ма 


2009 2010 
м Mineral or product Quantity Value? Quantity Value! 
Metals—Continued: 
— Feroalloys not listed elsewhere— Continued: 
Wi Other do. 4,710 13,900 8,730 27,900 
“ы. д | 
| Unwrought and waste and scrap kilograms 35,900 12,600 59,200 19,200 
WE _ Gallium arsenide wafers, doped and undoped do. 145,000 131,000 229,000 191,000 
№ Geranium, wrought, unwrought, waste and scrap, gross weight do. 29,400 39,100 27,000 25,900 
ME об o жоо ив 
Ores and concentrates kilograms 46,600 33,100 257,000 58,000 
{ Dore and precipitates do. 146,000 4,260,000 148,000 4,520,000 
Bullion, refined do. 127,000 3,580,000 199,000 7,020,000 
ШЕШІ. do. 43,400 600,000 ' 46,100 722,000 
i Мешірондег do. 476 8,760 652 11,500 
| _ Compounds 000 do. 64,300 1,430 43,500 1,480 
| mim unwoughtmetal во 105,000 35,200 117,000 58,700 
| dronand steel: 
MN | Steel mill products 14,700 NA 21,700 NA 
i’; Fabricated steel products 3,530 NA 4.110 МА 
Ч, Cast iron and steel products 464 NA 605 NA 
Stainless steel metric tons 515,000 NA 813,000 NA 
_ honand steel scrap: т 
ЈЕ Ferrous, includes tinplate and terneplate, excludes used rails for гего пр and other uses | 
J and ships, boats, and other vessels for scrapping 2,990 831,000" 3,780 1,420,000 
Fig iron, all grades 2,420 877,000 3,780 1,540,000 
у Direct-reduced iron, steelmaking grade 1,020 304,000 1,640 607,000 
| К зін Ме, and = vessels for iio ООО (5) 79 (5) 226 
| "mas et other uses, includes mixed (used plus new) rails 57 17,700 53 23.700 
Pu LL 3,870 376,000 6,420 703,000 
lead: 
| eas lead content metric tons 251,000 408,000 ' 271,000 559,000 
and compounds, lead content do. 28,100 46,800 28,600 61,000 
= емені, includes ash and residues, lead content do. 1,330 2,620 3,730 8,880 
Fantom: including wire and powders, gross меј do. 1,340 5,490 ' 1,290 6,270 
Magnesium; iul 
B uos LE шыга ен „м . 
| a do. 20,900 40,300 22,100 56,500 
| _ Alloys, с МОНЕТ 21,400 86,800 18,200 83,500 
| о eee A сз ыз ы do. 4,790 29,800 11,600 54,400 
| шакы 100005, Wire, other forms, magnesium content | do. 205 4,170 788 9,160 
ae Header ur with 20% ог more manganese, manganese content О д. 154000 82,600 255,000 133,000 
Е grades, manganese content | do. 121,000 215,000 257,000 493,000 
| Pee ect umet | |. do. 83,500 135,000 197,000 373,000 
-Chemicals e. тоц waste and scrap, gross weight _ do. 23,000 57,800 36,000 95,400 
| Мишу de and potassium permanganate, gross weight _ (о. 18,600 45,800 23,000 58,400 
ш MB LLL 
| о ИИ do. 206 1,350 294 1,290 
| Molybdenum вефег or not chemically defined do. 14 31,300 23 70,000 
| Я Otes ail НД. -... 
| minis es sur. позе and other, molybdenum content metric tons 7,520 150,000 12,900 314,000 
| » all, MO 
а ме до. 657 20,500 928 30,100 
sT 
ATISTICAL SUMMARY—2010 е 
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U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS '? 


(Thousand metric tons and thousand dollars unless otherwise specified) 
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TABLE 8—Continued 
U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS №2 


(Thousand metric tons and thousand dollars unless otherwise specified) 


| 2009 2010 


Mineral ог product Quantity Value? Quantity Value! 
Metals—Continued: 
_ Molybdenum— Continued: 
Chemicals, gross weight—Continued: 

Orange do. 269 2,170 330 2,730 
Ferromolybdenum, molybdenum content do. 2,030 50,100 3,560 130,000 
Other, includes powders, unwrought, bars and rods, waste and scrap, wire, other, 

gross weight do. 970 43,000 1,840 87,800 

Nickel, nickel content: | 
Primary, unwrought and chemicals do. 99,900 1,480,000 129,000 2,790,000 
Secondary, stainless steel scrap and waste and scrap do. 17,700 249,000 23,800 472,000 
Wrought, not alloyed, bars, rods, profiles, wire, sheets, strip, foil, tubes, pipes do. 409 14,000 677 21,100 
Alloyed, unwrought ingot, bars, rods, profiles, wire, sheets, strip, foil, tubes, pipes, 
other alloyed articles _ do. 17,300 439,000 21,500 565,000 
Niobium (columbium) and tantalum: 
| Niobium: КЕБЕ 
_____Ores and concentrates kilograms 4,960 360 11,600 494 
Oxide do. 1,060,000 29,000 1,180,000 35,800 
EE MEME 4,490,000 109,000 9,660,000 237,000 

Unwrought powders do. 699,000 24,100 1,380,000 56,900 
Tantalum: 

.. Ores and concentrates, includes Synthetic concentrates К | до. 357,000 13,600 19,800 2,520 

_ Unwrought powders, waste and scrap, unwrought alloys and metal do. 613,000 92.800 1,470,000 140,000 

ОНИ do. 75,600 20,800 114,000 31,500 

Platinum-group metals, metal content: 
Platinum, grains and nuggets, sponge, other unwrought, other, waste and 

Scrap, coins do. 183,000 2,080,000 152,000 2,510,000 
Palladium, unwrought and other do. 69,700 631,000 70,700 1,110,000 
Iridium, ‚ unwrought and other forms | Е do: 1,520 20,800 3.530 65,900 
Osmium, unwrought : T do. 68 55] | 76 612 
Баіць лито other forms | = ар 217) D aes 

беч э ахи ee Seen “a. do. 11,200 530,000 12,800 914,000 
__Rare earths, estimated equivalent rare-earth arth oxide (REO) content: | 
Cerium compounds, including oxides, ‚ hydroxides, hitrates, sulfate chlorides, oxalates do. 1,500,000 9,070 1,770,000 22,600 
Ferrocerium and other pyrophoric alloys di 102: 000 2620 Е | 000 $1 10 
Mixtures of rare-earth chlorides, except cerium chloride иэс ЕЧ 41 1000 4.930 956,000 12,000 
Mixtures of REOs except cerium oxide 2. _ и | до. 4 750,000 23,500 5 480,000 38,300 
Compounds, including oxides, hydroxides, nitrates, other compounds except i MEE | =: ' 
chlorides 
Metals, whether intermixed or alloyed | | A 55 | 2. pones aa 
Yttrium compounds content by weight greater than 19% but less than 85% Oxide | | ME d 
equivalent 
c 2 MEN c E 6,920 565! 73,500 2,060 
Metal хз 
Ammonium perrhenate | ES 21,500 53,100 23,100 52,800 
Selenium and tellurium: Е a 14,300 13,700 25,500 17,900 
Selenium, selenium content: n шаман 
Selenium Т d 
Dioxide | | со а ае сы — 260,000 12,700 491,000 34,100 
Tellurium, tellurium content е ee К 3,420 210 9.170 626 
Silicon, gross weigh: ЕК 84,000 11,300 41,600 9,040 
Ferrosilicon ЕСС metric ic tons TT 
Metal ‚000 126,000 229,000 342,000 
See footnotes at end of table. uc ES .... 116,000 477,000 175,000 748,000 
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TABLE 8—Continued 
US. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS 52 


(Thousand metric tons and thousand dollars unless otherwise specified) 


-— 2009 2010 


№ Mineral or product Quantity Value? Quantity _ Vale _ 
7 Metals—Continued: 
Silver: 
Ash and residues, silver content kilograms 505 151 316 77 
s  Bullin silver content do. 2,800,000 1,310,000 4,330,000 2,890,000 
p, до silver content do. 653,000 439,000 738,000 708,000 
Metal powder, gross weight do. 247,000 36,400 788,000 170,000 
кп _ Nitrate, gross weight do. 835 241 1,430 390 
Ores and concentrates, silver content do. 87 9 3,230 1,750 
yy . Semmanufactured forms containing 99.5% or more by weight of silver, gross weight do. 476,000 176,000 638,000 354,000 
py. Weste and scrap, gross weight — — — — — — — бо. 4,760,000 372,000 6,510,000 435,000 
y __Vawrought other, gross weight — — — — — —  — — —  — ë 135,000 56,100 316,000 142,000 
. _Thullum, unwrought powders, waste and scrap, other — — — — — — — do 2,030 312 783 204 
т Thorium: 
. Оте, monazite concentrate do. 26.000 20 d КЗ 
ҢА. ала 72727777 --------:-::->-------- 2 
| Thorium and thorium-bearing materials, compounds do. 2,250 275 3,030 208 
, Ti gross weight: 
„щш metric tons 601 8,180 753 13,300 
$ _ По, skimmings, scrap, residues, alloys, п.з.р.Ё8 do. 81,300 23,400 58,000 30,700 
б шш. ets ee ТУ 33,000 404,000 35,300 658,000 
Miscellaneous, includes tinfoil, tin powder, flitters, metallics, manufactures, n.s.p.f.° do. XX 36,200 XX 53,200 
; hmi gross weight (др, 295,000 366,000 464,000 500,000 
y plate scrap, gross weight ssi 27,100 5,190 68,000 14,300 
е Titanium: | 
ами ш RE 
| Concentrate: 
| ee 250,000 21,800 377,000 37,600 
] аны 279400 141,000 351,000 198,000 
| ОЕ 
Гм 
| ве ee =” 4,770 17,600 10,700 75,500 
" a o EU LLL с ee do. 16,600 178,000 20,500 196,000 
а э ш У 531 13,300 237 3,880 
M ag c EAR ELLE E. 24 2,390 119 5,420 
M: do. 18 1,220 88 3,980 
: в products and castings, includes bar, castings, foil, pipe, plate, profile, 
$ M P 
| | NU тш Wire, other do. 6,930 292,000 8,710 299,000 
500040 ferrosilicon тіпт: 2,540 6,750 2,740 11,500 
igment, dioxide and oxide 
Eb AE 7 175,000 385,000 204,000 462,000 
__Tiazferous slag = do. 10,000 532 83,100 6,760 
168,000 475,000 200,000 
== Безор do. 2,540 52,600 2,510 56,400 
rotungsten and ferrosilicon tun t 
Miscellaneous tun — een do. 46 1,260 357 11,000 
Mn gsten-bearing materials, metal powders, carbide powder, 
| t, Waste and Scrap, wrought, oxides, calcium tungstate, other tungstat 
Other compounds , gstate, other tungstates, 
иіре 3,820 ' 135,000 6,820 237,000 
and concentrates 
dM OOOO OOOO O o 3,590 72,900 2,740 60,000 
Ferovanadium 51000 alloy, gross weight kilograms 282,000 979 9,200,000 27,800 
Meal including was = еш do. 353,000 12,600 1,340,000 41,100 
Miscellaneous denice Scrap, gross weight do. 21,700 940 9,660 434 
Pentoxide, anhydride a and vanadates, vanadium content do. 231,000 3,570 205,000 4,620 
See » "nadium content 4,000,000 55,700 
footnotes at end of table, do. 1,120,000 16,500 
STATISTIC 
ALSUMMARY— 2010 2.33 
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TABLE 8—Continued 


U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS "2 


(Thousand metric tons and thousand dollars unless otherwise specified) 


мења o a a 
Mineral or product Quantity Value? Quantity Value? 
Metals—Continued: _ шу е Оошу ум 
E се es 


Vanadium—Continued: 
Vanadium-bearing ash and residues from the manufacture of iron and steel, 
vanadium oxide content do. 
Other oxides and hydroxides, vanadium content do. 
Zinc: 


Compounds, chloride, chromates of zinc or of lead, compounds n.s.p.f., lithopone, 
oxide, sulfate, sulfide, gross weight metric tons 
Ores and concentrates, zinc content do. 
Rolled do. 
Slab, refined do. 
а 90% 


Zirconium and hafnium: 


Hafnium, unwrought, including powders do. 
Zirconium: 
Ferrozirconium do. 


Ores and concentrates do. 


Oxide, includes germanium oxides and zirconium oxides do. 
Unwrought powder do. 
` Waste and scrap do. 


Е ИЕ 
Industrial minerals: 
M eA ee EL ш ы 


Abrasives, manufactured: MN MC 
Aluminum oxide, crude, ground and refined do. 
Metallic abrasives do. 
Silicon carbide, crude, ground and refined do. 


Asbestos: 
Chrysotile and other unspecified type metric tons 
Products with basis of asbestos, cellulose, or other minerals 


Barite: 
Chloride, oxide, hydroxide, peroxide, precipitated carbonate metric tons 
«ае ete в 


do. 
Ground 
do. 
Other sulfates do. 
Boron minerals and compounds: O 
Borax 
_ Beneadd а о 
__Golemanite 00 U UO 
Uee оё ^^ НИНА 
1: NNNM E 
— Compounds contained bromine 
. Elmenal metric tons 
Cement, hydraulic and clinker’ наны а рв 
Ена Н 
- China clay or kaolin MMC mE MM 
NI CI MEME г NM MMC 
___Decolorizing earths and fuller’s earth —— —————————— O 
Bentonite аск ai а NM 
Common blue clay and other ball eday MEM M 
Other clay о. 


. 9 alg c Сы ы р у а, 
Chamotte or dina's earth M ы ыланы. 
. , * • oe дыз. 
Artificially activated clay and activated earth MEL LL НЫ 


See footnotes at end of table. 
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2010 


791,000 12,300 521,000 5,570 
25,200 551 167,000 3,330 
104,000 127,000 136,000 226,000 
74,200 68,300 32.200 NA 
3,010 13,500 3,440 NA 
686,000 1,080,000 671,000 МА 
5 2,080 8 3,390 
(5) 7 45 246 
14,400 17,100 22.900 27,500 
2,810 43,800 2,920 52,100 
22 1,890 31 2,330 

955 58,400 1,130 70,700 . | 
XX 41,400,000 ' XX = 61,000,000 

—— MÀ 200000 хх — 6140000 — 
64,200 53,700 185,000 136,000 
15,800 12,100 43,400 25,300 
78,000 74,500 143,000 165,000 
869 684 1,040 82! 
NA 13,300 NA 5,790 
4,170 6,250 7,430 7,900 
572,000 60,000 ' 873,000 87,300 
851,000 58,100 1,220,000 91,500 
10,600 10,900 14,700 17,000 
(5) 376 (5) 183 
36 26,100 50 30,100 
31 8,630 50 18,400 
28 11,300 1 238 
33,600 ' 80,300 43,900 85,400 
1,390 3,020 1,040 2,620 
6,770 502,000 6,630 490,000 
281 68,700 239 56,300 
(5) 133 (5) 179 
l 96 2 160 
8 2,460 16 4,670 
ES x 1 138 
8 3,940 7 4,560 
(5) 165 (5) 110 

27 28,800 19 2580 _ 


, EF f 
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TABLE 8—Continued | 
U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS '? 
(Thousand metric tons and thousand dollars unless otherwise specified) 
ео 
Mineral or product Quantity Value? Quantity 
Industrial minerals—Continued: 

Diamond, industrial: 

Diamond stones, natural and miners’ thousand carats 1,400 18,700 1,720 

Powder, dust and grit, natural and synthetic do. 246,000 41,000 ' 596,000 

Diatomite, siliceous fossil meals metric tons 1,260 1,080 1,030 

Feldspar and nepheline syenite: 

Feldspar do. 2,120 646 2,050 

Nepheline syenite do. 308,000 36,800 368,000 

Fluorspar: 

Aluminum fluoride do. 18,700 26,800 38,000 

Cryolite do. 2,830 3,630 5,320 
Mo X AK наш. бо: 

Fluorspar do. 475,000 105,000 539,000 

Hydrofluoric acid do. 114,000 161,000 135,000 
Gamet, industrial = = do. 37,900 8,890 42,500 
Gemstones - thousand сагаіѕ 1,200,000 13,500,000 1,520,000 
_ Graphite: 

Natura metric tons 33,100 29,700 65,400 
__Hlectric furnace electrodes do. 50,600 190,000 88,200 
Gypsum: 
uk 4,220 52,900 3,330 
__Plasters | 15 6,800 15 
„= Кыллы с=с сыы т рым з. 236 38,500 244 
p CES Сы OO хх 30,300 хх 

Ше: 

Nea әш л. ... 
a с сы о т чы ВИ 5,190 133,000 5,710 

Potassium iodide do 259 6,000 423 
s ж ге Oe 1,900 1,070 3,360 
га | | do. 105,000 126,000 148,000 
de RE sillimanite do. 4,880 2,060 2,180 

| 5 
Lithium chemicals: i н > 
eds 
n 
WE. Е Е 9,250 41,900 9,500 
Au do. 932 5,580 1,070 
96165107 compounds: 

C ; 
uus chlorides, hydroxide, peroxide, sulfates do. 133,000 38,500 122,000 
E crude and processed: | 

austic-calci . 

ie 2 ВН do. 126,000 37,700 127,000 
_ Oler magne end fused magnesia do. 151,000 72,200 323,000 
m - do. 8,740 8,750 12,000 
Mm 3,830 22.400 

Mica: do 6,270 
—— = НЕ 
— Scrap and flake: 

Powder 
та metric tons 16,900 9,540 22,000 

Sheet: do. 2,990 1,670 4, 

Unworked 
ЕТТЕ do. 23 142 51 
‘Nom oe 480 ' 14,400 1,930 
trogen, major compou d 5 е : E __ до. 1, , , 
ums c RN йоз weight 12,600 3,570,000 9,640 
elite, processed crude metric tons 906,000 230,000 947,000 

овоа end of abl do. 153,000 15,900 174,000 

STATISTIC 
AL SUMMARY —2010 


2010 


Value? 


32,300 
86,500 
894 


503 
52,400 


49,200 
6,510 
103,000 
199,000 
11,100 
19,600,000 


52,100 
342,000 


41,800 

7,180 
32,400 
29,600 


141,000 
9,770 


2,390 
164,000 
938 
61,500 


41,300 
5,300 


49,000 


40,300 
161,000 
14,500 
8,420 


16,900 
2,390 


180 
16,200 
5,930,000 
225,000 
17,700 
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TABLE 8—Continued 


U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS "2 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2009 
| КО ... Mineral or product Quantity Value? 
Industrial minerals—Continued: | 
Phosphate rock and phosphatic materials: | 
| Phosphate rock: 7 
.  Unground a 988 83,100 ^ 
|. Ground | 379 26,900 4 
Dicalcium phosphate 6 11,200 * 
_ Elemental phosphorus | 4 15,600 4 
| Normal superphosphate | (5) 114 4 
Triple superphosphate 38 9,340 ^ 
Diammonium phosphate 22 9,710 4 
Monoammonium phosphate анны 62 38,800 ^ 
Fertilizer containing nitrates and phosphates == 1 492 4 
Phosphoric acid 31 30,600 ^ 
Potash, chloride, sulfate, nitrate, sodium nitrate mixtures 3,670 1,720,000 ' 
Pumice: 
| Crude c or unmanufactured | | Е do. 26,000 784 
| Wholly or partially manufactured I do. 258 832 
Salt = 
Ее еј 14,700 337,000 
Construction 
Silica, special stone products | 7 
С ASA а | i5 a 
“Store: 7 : Sue 
Ls P" calcium carbonate fines, excludes precipitated carbonates С 12,200 174,000 * 
Strontium: | m = XX 1,350,000 
oe шы” E kilograms 7,820,000 5,090 
Мец. cmm iesus | = | do. — 14,600,000 690 
Nee mR - | = do. 70,100 564 
Oxide, hydroxide, peroxide MM MEM 000 «209,000 ed 
^ Sul ш. ___ do. 6,720 51 
Elemental | | E 
| Sulfuric acid, 100% H,S0,- | 1,700 * 54,100 
_ Tale, unmanufactured | | t,270 " 146,000 
. Vermiculite® | ood 47,900 
Wollastonite* А a 7,100 
Zeolites C 8610 (05 4,000 530 
Total ика шыл a. do. 300 64 
. Grand total 


"Estimated. 'Revised. do. Ditto. NA Мог; available. XX Not applicable. а 
'Table includes data available through June 6, 2012. 

"Data are rounded to no more than three significant digits; may not add to totals shown, 
*Customs value unless otherwise specified. 
“Cost, insurance, and freight value. 

"Less than % unit. 

$Not specifically provided for. 

"Excludes Puerto Rico. 

*Hand sharpening or polishing stones. 


Zero. 
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2010 


Quantity 


31 
7,840 


34,100 
1,140 
12,900 


2,670 
131 
NA 

20 


14,500 
XX 


11,700,000 
5,400,000 
118,000 
3,580,000 
129,000 


2,950 * 
2,110 
242 
29 
4,000 
150 


Value’ 


117,0004 
48900* 
9990* - 
23,500 


1400* | 
66900* : 
101,000* : 
151,000 “| 


182 4 
20,600 * 
2,620,000 


758 
1,430 
322,000 


95,900 * 
19,700 
8,990 
5,770 


185,000 * 
2,430,000 


8,310 
245 
686 

4,760 
185 


214,000 
139,000 
67,100 
9,40 
540 

32 


PEE E 


XX 23,900,000' xx% 35,600,000 
----ХХ _ 23900000! хх 3560000 __ 
uo XX | 


. 65,200,000 ' 


E 


96,900,000 _ 
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(Thousand metric tons unless otherwise specified) 


TABLE 9 
WORLD AND U.S. PRODUCTION OF SELECTED NONFUEL MINERAL COMMODITIES! 


United States 


a ne 


P Percentage 
World total of 
Mineral or product 2006 2007 2008 2009 2010 2010 . world total 
Metals: 
ГРЕТА 72,400" 77,9007 82,500" 76,700" 85,300 3,910 4.6 
, Aluminum? 33,900" 38,000: 39,600"  36,900' 40,800 1,730 42 
Antimony metric tons 173,000" 180,000! 182,000" 154,000" 167,000 Е 5 
: AI do. 60,900" 55,4007 53,4007 54,100" 52,800 = " 
Bauxite” “5 193,000" 204,000" 211,000" 196,000" 212,000 NA NA 
н Beryl? metric tons 4,360 4,360 4,940 3,590 5,080 4,460 87.9 
Д Bismuth, refinery do. 15,300 15,500 16,600" 15,400! 16,000 = 8 
{ Cadmium, refinery do. 19,900 19,400 22,800"  20,800' 21,100 637 3.0 
Chromite? 19,7007 22,8007 24,0007 19,500" 23,700 = ag 
у Cobalt, Co content: 
Г Міпе metric tons 70,000" 71,700" 76,400" 72,00: 89,500 A - 
Refinery do. 53,800 53,300 57,300" 59,700: 76,400 = = 
Copper 0022220 
: Mine 15,100" 15,5007 15,600" 15,900" 16,000 1,110 6.9 
у Smelter 14,1007 14,3007 14,700: 14,9007 15,600 601 3.8 
Refinery 17,300" 17,9007 18,300" 18,400" 19,100 1,090 5.7 
Ў Gold metric tons 2,370" 2,50: 2,280"  2460' 2,560 231 9.0 
| Indium, refinery kilograms 638,000" 631,000" 613,000" 583,000" 659,000 - - 
| Iron ore? 1,830,000 " 2,040,000" 2,210,000 ' 2,230,000" 2,590,000 49,900 19 
Г Iron and steel: 
Direct-reduced iron” _ 58,700' 64100’ 66,700" 65,700" 68,700 x -- 
| Pig iron? 881,000" 956,000" 931,000" 920,000! 1,026,000 26,800 2.6 
Raw steel 1,250,000" 1,350,000 " 1,330,000" 1,240,000" 1,420,000 80,500 5.7 
Lead: 
Mine, Pb content 03,630"  3,20' 3,880" 3,900" 440 369 8.9 
| idc 8,100" 8300' 8,770" 8,890" 9,490 1,250 13.2 
| Magnesium’ metric tons 675,000 751,000 670,000 598,000" 757,000 W NA 
Manganese ore” 33,007 35,1007 28,200: 33,800" 42,700 " -- 
Mercury" metric tons 1,150 1200 — 1820: 1,960" 2250 МА © МА 
Molybdenum, Mo content do. 186,000" 212,000" 218,000" 221,000" 242,000 59,400 7 24.6 
Nickel, Ni content: mE usc : 
Ше 21,570" 1,650" 1,580" 1410" 1,620 - -- 
Refinery 1,350" 1,4407 1,3907 1,400" 1470 x: - 
Niobium (columbium)-tantalum | 
os metric tons — 223,000 263,000 264,000" 263,000" 261,000 + = 
Tenes group metals kilograms 515,000" 511,000" 468,000! 449,000" 467,000 15,100 3.2 
do. 46,700"  47,500' 54,900" 45,400" 47200 М NA 
eum" пепео 2,090" 2,200"  2,80' 2,907 2,20. W NA 
nis do. 20000 20800" 214001 22000 23,100 1280 53 
a КЙортатв 116,000 _ 124,000 128,000" 129,000" 123,000 _ W _ МА 
Ме f : | 2 
иг Stric tons 293,000"  303000* 257,000" 264,000 ' _ 265,000 = Е 
len) ENS. 339,000 ' 346,000" 333,000° 340,000! 350,00 10,900 ` ы 
а de. 566006 53,5001 622007 61,0001 68800 _ Ww : 
Zinc: do. 57,00 58,500 56400 51,400! 57,600 _ dn erred 
ја Za content of concentrate and i 
San shipping = 10,300" 11,000" 11,007 11,007 12000 748 __ == 
See бойок 10,00: 11,400" 11,700:  11300' 12,700 249 
end of table. 
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TABLE 9—Continued 
WORLD AND U.S. PRODUCTION OF SELECTED NONFUEL MINERAL COMMODITIES ! 


(Thousand metric tons unless otherwise specified) 


United States 
Percentage 
World total. of 

Mineral or product. 2006 2007 2008 209 2010 2010 world total 

Industrial minerals: | i s | 
Asbestos 2,150" 22507 2110" 2130" 2010 = - 
Bate — 1.9101 7,7907 8,70: 6430: 7450 662 ? 84 
Boron minerals NN р 3,620 ' 4,200 ' 4,480 ' 3,760! 4,080 W МА 
Bromine ——— < metric tons 671,000" 415,000" 415,000! 378, 0007 450,000 w? NA 
. Celesite mE | do. 524,000" 518 000" 656,000" 400,000" 405 ,000 - - 
_ Cement, hydraulic _ 2,620,000" 2,810, 000" 2,850 000" 3,030,000" 3,310,000 67,200 19 2.0 

Clays: 

Bentonite 115001 12,200" 12,500" 9300" 10700 4,630 43.1 
Fuller's earth __3100' — 3720* 3500: _ 3210' — 3360 2050 609 

= Kaolin 39,200" 37,300" 36,900" 33500“ 33200 5,420 163 
_ Diamond: 7 | | 

_ Neu — . _ thousand carats 175,000: 170,000" 154,000" 131,000" 144,000 - - 

Synthetic 00-2 cos. 69: 4,320,000" 4,420,000 4,420,000" 43800007 4 380,000 93,000< 2.1 
Diatomite 2,150 ' 1,970 ' 2,150" 1,860 " 1,820 259890096 
Feldspar 20,600" 21,007 22 7007 19,600: 20,500 550 !! ІІ 

_ Fluorspar : 5660" 5,730" 6000“ 5550: 6,010 -- = 

_ Graphite, natural 1,020" — 1110: 960' 760" 930 | -. -- 

_ бурит — — 2222222 160000 " 167,000" 156 000 150,0 ‚000 € _ 147 000 8,840 6.0 
lodine, crude i metric tons 26,700" 26300: 26500' 28.500" 28,700 - W NA 
Iron oxide pigments do. 998,000! 1,055,000: 1,031,000 * 873,000" 902.000. W O МА 
Fede and related minerals do. 455,000 | ; 15,000 | 448,000 à | 396,000 ' 469.000. 133,000 12 284 

“Lithium 2-7” CL UO о ET NE LANE 

__Magnesite, crude? | 14,400" _ 20,300 т 21,500 r 18 200 ' 19:900. W NA 
Mica, including scrap and flake"? 1,090 ' d 1205 1,140 | 020 D 1070 | 53 4.9 

_ Monazite concentrates metric tons — 6850 686) 6430' 6 230" 6,230 - - 

| Mu = N content of ammonia m. DH mo оо 127,000" 131,000 8,290 14 6.3 
ae CETTE Yum I 25,100 | 23,900 | _23,400 628 15 2.7 

oaea го = E ,780 1,650 | 1,670 410? — 248 
Potash, К.О equivalent Er E : 5 161,000 " 181,000 25,800 А 

__ Pumice | _ 19,900“ 2000' 1% E M ES Би ~ | D a Ў t 

_ Rare earths -metric tons T | 1240007 z m Sar 

[ans 261,000 " 266000: 2m ші E- о X. ане: Т 5 
Sand and gravel, industrial, silica | 118,000" 128009: - 123,000 * 1140005 пио 8.300 9 z 
Soda ash, natural and manufactured 43,700" 45 900 ' 2246 7007 44 30€ г 0000 29,900 а 24.1 
Sulfur, all forms "m : 67,000 r 67, ‚600 г 68, 100 5 0 zd 47 ‚200 | 10,600. TE 223 

. Tale and pyrophytlite _ 2. 7,70: 7730 7 D ux . 66,600 т 68, 100 _9,070 J^ із 
Titanium concentrates? | СЕ 7.230 ү 7210 | 604 84 

u Ilmenite and leucoxene - 20 6,86 А : 

ЕТІН ЕСІТТІ - ES | ros = ri ofS _ 6,090 Е 6,870 4009% 58 
Vermiculite А do. 512,000" 510 000" 525, 0007 - Sm r E NN D i 
Zirconium concentrates ЕТТІ : | 410' m | E -- _509, 000 ' | _ 536, ‚000 100,000 * E | 18.7 

"Estimated. 'Revised. NA Not available. W Withheld ioa a » ie oe 180 p ү! ‚250 м МА 


avoid disclosin coim a 
"Рана are rounded to no more than three significant digits, eomp ny proprietary 


“Primary. 
*Gross weight. 


“Individual country figures that are include 
insufficient to permit this adjustment. 


data: not included ; in “World total.” -- Zero. 
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TABLE 9—Continued 


WORLD AND U.S. PRODUCTION OF SELECTED NONFUEL MINERAL COMMODITIES ! 


«World total” for years listed does not include U.S. production. 

U.S. production of mercury is byproduct only. 

‘Listed in molybdenum chapter (table 1) as production. 

“includes tin content of alloys made directly from ore. 

"Quantity sold or used by producers. 

includes Puerto Rico. 

"Datum is rounded to no more than two significant digits. 

"Includes synthetic mullite. | 

PExcludes, if any, U.S. production of low-quality sericite and sheet mica. 
“Synthetic anhydrous ammonia; excludes coke oven byproduct ammonia. 
Horticultural use. 

US. production is natural only. 

"Data for the United States exclude proprietary pyrophyllite production. 


‘Includes rutile to avoid disclosing company proprietary data. Rounded to one significant digit. 


"Included with ilmenite to avoid disclosing company proprietary data; not included in “Total.” 
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MINING AND QUARRYING TRENDS 
By Mary E. Ewell 


Domestic survey data were prepared by the author and the statistical assistants who have responsibility for the mineral 


commodities covered in this report. 


The mining and quarrying trends shown in this report were 
calculated from nonfuel mineral data reported voluntarily to 
the U.S. Geological Survey (USGS) by mining and quarrying 
companies operating in the United States. The data for 2010 
were reported on the “Mine, Development, and Mineral 
Exploration Supplement” statistical survey conducted by the 
USGS and on the production surveys for some more widely 
produced nonfuel mineral commodities, such as sand and 
gravel. Additional data for 2010 were derived from annual 
USGS production and consumption surveys of nonfuel mineral 
producers; these surveys accounted for 58 nonfuel mineral 
_ commodities produced in the United States. Nonfuel minerals 
donot include coal, petroleum coke, and related products. 

The data in the following tables are reported according to the 
primary or principal product of a mine or operation; a product 
of lesser value is considered to be a byproduct. The primary 
product is the product with the highest total value for the year. 
In some instances, the values of two products at the same 
operation are so similar that the products are coproducts. 

Total domestic mining and waste removal for nonfuel mineral 
materials production amounted to 4.94 billion metric tons (Gt) 
| : 2010, a slight increase compared with the revised figure for 
Ш (lable 1). These materials included 3.64 Gt of crude оге 
mined or quarried and 1.30 Gt of mine ore and waste from 
-development operations, Of the nonfuel mineral materials 
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GAND QUARRYING TRENDS—2010 
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(ore and waste) removed, 5196 was for the production of metals, 
and 49% was for the production of industrial minerals. Overall, 
97% of nonfuel mineral materials was mined and quarried using 
surface methods, and 396 was mined underground. 

Total surface mining, quarrying, and waste removal for 
industrial minerals production amounted to 2.28 Gt, virtually 
unchanged from the revised total for 2009. Crude ore mined at 
these surface operations was 2.08 Gt, and 205 million metric 
tons (Mt) was waste removed, including ore and waste from 
development operations. Underground mining for industrial 
minerals was only 129 Mt, nearly all of which was crude ore. 

Total surface mining and waste removal to obtain metal ores 
amounted to 2.51 Gt, a slight increase compared with 2009 total. 
Of the 2.51 Gt, 1.42 Gt was crude ore mined, and 1.1 Gt was ore 
and waste from development operations. Underground mining 
of metal ores and waste removal amounted to 15 Mt, of which 
87% was crude ore. 

The 10 leading States in which mining for nonfuel mineral 
materials took place were, in descending order of total 
material handled, Nevada, Arizona, Texas, Minnesota, Florida, 
California, Pennsylvania, Michigan, Missouri, and Utah. 

(table 2). These 10 States accounted for 5696 of the tonnage 
removed in the production of nonfuel mineral materials mined 
in the United States. Nearly all nonfuel mine production in these 
States was from surface operations. 
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TABLE 1 
MATERIAL HANDLED AT SURFACE AND UNDERGROUND MINES IN THE UNITED STATES, BY TYPE! 


(Million metric tons) 


Surface? Underground? All mines 
Type of ore and year Crude ore Waste Total Crude оге Waste’ Total Crude оге Waste’ Total 
Metals: 
2006 1,310 1,060 2,370 16 3 18! 1,330 1,060 2,390 
2007 1,370 1,120 2,500 19 3 22 1,390 1,130 2,520 
2008 1,460 1,170 2,630 18" 4 21 1,480 1,170 2,650 
2009 1,360 1,140 2,500 13 1 15 1,380" 1,140 2,520 
2010 1,420 1,100 2,510 13 1 15 1,430 1,100 2,530 
Industrial minerals: | 
_ 2006 3,130 266 3,400 | 129 (5) 129 3,260 267 3,520 
2007 2,900 265 3,170 129 (5) 130 " 3,030 265 3,290 
2008 2,520 251 2,770 150 1" 151* 2,670 252 2,920 


2009 on 2,070! 210 2,280! 123 | 124° 2,190 ' 210 2,400 ' 
2010 2,080 205 2,280 128 1 129 2,210 206 2,410 
All mineral commodities: 


2006 4,440 1,330 5,770 145 3 148 4,590 1,330 5,920 
2007 4,270 1,390 5,660 148 3 151 4,420 1,390 5,810 
2008 3,970 1,420 5,390 168 4 172 4,140 1,420 5,570 
2009 3,430 ' 1,350 4,780" 136 2 138 3,5707 1,350 4,920 ' 
2010 3,500 1,300 4,800 142 2 144 3,640 1,300 4,940 
‘Revised. ССС 


"Рата are rounded to no more than three significant digits; may not add to totals shown. 
"Includes materials from wells, ponds, and pumping operations. 

"Includes solution mining. 

"Includes ore and waste from development operations. 

"Less than % unit. 
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TABLE 3 | 
VALUE OF PRINCIPAL MINERAL PRODUCTS AND BYPRODUCTS OF SURFACE AND UNDERGROUND MINES IN THE UNITED STATES IN 2010 


(Dollars per metric ton) 


жет эе ыы ыы Со ш шы ыл ар 


Surface Underground "MEMO All mines 
Principal Principal Principal 
mineral mineral mineral | 
Commodity product _ Byproduct Total product — Byproduct Total product Byproduct Total ! 
Metal ore: | 
_ Gold 22222 3947 W 39472 уу W W 39.47 3 W 394? 
Copper’ 7.68 W — 768? - - - 7.68 W768? 
Iron 98.79 5 88707 -- -- 98.79 > - 989! . 
Average, metals — 2640 № 26401 2743] 35.00 30937 2976 382 3358 о 
Industrial minerals: 
Clays _ 57.56 ~ 57.56 wW -- W 57.56 -- — 57.563 
Feldspar’ 61.40 -- 61.40 -- = ші 61.40 -- 61.40 
Gypsum 6.89 -- 6.89 | W = W 6.89 - 689 
Phosphate rock 76.698 ^  . 3669 8 WE ы HEN БИКЕ = = 
Pumice? 20.00 -- 20.00 -- -- -- 20.00 -- 20.00 | 
Salt B MEE" W 35.925 - 35925 359250 ~ 35.925" | 
_ Sand and gravel: e | | | | | | | 
| Construction | 7.31 -- 7.31 -- = ББ 7.31 -- 7.31 | 
.. Industrial ЕЕ | 34.58 Ns _ 34.58 W | - ү 34.58 ? — 3458) : 
_ Soda ash ere а: alia КЕ 200680 W 128392 12839 ___- 1289 . 
Stone: | : 
Crushed EN 9.67 = 9.67 9.67 E 9.67 9.67 - 967 : 
Dimension ener) 7 953 ҮЛ "d № 193.63 3 - 1936? : 
Talc | 31.62 __-— 31.62 - 075 m 31.62 - 3162 . 
Average, industrial minerals" 11.04 0.07 11.11 ^ 2899 | ^W 2899 — 12.13 007. 1220 : 
Average, industrial minerals, excluding Е | п эште анин асв PES PISIS VESTRUM 7 : 
sand and gravel and stone"! | 33.73 0.30 34.03 53.11 W 53.11 38.71 022 3893 : 
. Average, metals and industrial minerals” !* 16.12 1.17 17.29 | 52.35 3.33 55.68 17.77 1.27 1904 | 
Average, metals and industrial minerals, č Bu CS | 
__ €xcluding sand and gravel and stone !! 27.41 297 3038 97.3] 6.99 104.30 31.32 ` 3.19 35 — , 
W Withheld to avoid disclosing company proprietary data; included їп appropriate ч: oe ес ЕЕЕ 


"Average." -- Zero. 


add to totals shown because of Independent rounding. 
"Value of principal mineral product only. 


"Value of products at surface operations only. 


*Includes copper-molybdenum. With increased 
low-grade material, formerly classified as wast 
waste ratios and a reduction in ore value. 


M 2 £F oj 


adoption of leaching technology, th 


| еге may be less distin 
©, аге now considered to be low- 


сйоп between ore and waste. Significant tonnages of 
grade leachable ore bys 


ome companies, resulting in a large shift in the ore-to- | 
x Average value at mines only. 
“Includes beryllium, gold-silver, 1 


ead, magnesium metal molybdenum Platinum and i i itani ; | inc-si · 
еМ, ? , alladium, - £ nd metals i 
indicated by symbol W. p m, silver, titanium, uranium, zinc, zinc-lead, zinc-silver, a | 
"Includes aplite. 
* Average value based on the sold or used values. | 


"Excludes volcanic cinder and Scoria; included with 
Value of products at underground operations only. 
H | | 
Includes values of abrasives, barite, boron minerals, bromine, diatomite 
| | ? к e a pun » тегу, garnet, greensand marl, iodine, iron oxide рі ments, kyanite 
magnesite, magnesium compounds, mica, olivine, per lite, potash, tripoli, vermiculite, wollastonite, Zeolites, and industrial Eid indicated b 


“Crushed stone.” 


P ж ТМК УДЫ r^ 


lithium minerals, 
y symbol W. у 
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TABLE 4 


: TWENTY-FIVE LEADING METAL AND INDUSTRIAL MINERAL MINES AND QUARRIES IN THE UNITED STATES IN 2010, 
i IN ORDER OF OUTPUT OF CRUDE ORE! 


а SS ---------------2----------2---------:-:-:-::5:2-Ь-Ь-,Б:,:Б;6%РҚ%:%:%55%%Ы»ББЬ-Б55Ь5 


Name of mine, quarry 


B or operation" State Operator Commodity Mining method 
Metal: 
ЕЛІ Nevada operations” Nevada Newmont Mining Corp. Gold Open pit and underground. 
f; Morenci Arizona Freeport-McMoRan Copper & Gold Inc. | Copper-molybdenum Open pit. 
| Goldstrike" Nevada Barrick Gold Corp. Gold Open pit and underground. 
| Cortez” do. do. do. Open pit. 
` Bagdad Arizona Freeport-McMoRan Copper & Gold Inc.  Copper-molybdenum Do. 
i Mission Complex do. ASARCO LLC® do. Do. 
У Smoky Valley Common Nevada Kinross Gold Corp. Gold Do. 
Operation T 
М _ Sierrita Arizona Freeport-McMoRan Copper & Gold Inc. | Copper-molybdenum Do. 
г _ Safford do. do. Copper Do. 
. _ Bingham Canyon Utah Kennecott Utah Copper Corp.' Copper-molybdenum Do. 
| _ Minntac Minnesota United States Steel Corp. Iron ore Do. 
| _Ray Arizona ASARCO LLC® Copper Do. 
_ Bald Mountain | _ Nevada | Barrick Gold Corp. | Gold Do. : 
Tyrone | _ New Mexico Freeport-McMoRan Copper & Gold Inc. Copper Do. 
Tilden —— .. Michigan Cliffs Natural Resources Inc. Iron ore Do. 
_ Ruby Hill -~ Nevada Barrick Gold Corp. Gold Do. 
. Marigold do. Goldcorp Inc. do. Do. 
Hibbing Taconite Minnesota Cliffs Natural Resources Inc. Iron ore Do. 
Cresson Colorado AngloGold Ashanti Ltd. Gold Do. 
_ Fort Knox Alaska Kinross Gold Corp. do. Do. 
Kec с Minnesota United States Steel Corp. Iron ore Do. 
_ Continental Pit Montana Montana Resources Copper-molybdenum Do. 221 
United Taconite | _ Minnesota Cliffs Natural Resources Inc. Iron ore Do. 
КЕЕЕТТІЗЕ a jo, d. PEE A 
| Empire Michigan do. do. Do. 
| Industrial mineral: 
. Florida mines (five) . Florida The Mosaic Co. Phosphate rock Do. 
South Pasture do. CF Industries, Inc. do. Do. 
_Swift Cr eek = do. PCS Phosphate Co., Inc. do. Do. 
Beckmann. = ... Texas Martin Marietta Aggregates Stone, crushed Quarry. 
Aurora . North Carolina PCS Phosphate Co., Inc. Phosphate rock Open pit. 
> === таш ee As CEMEX S.A.B. de C.V. Stone, crushed Quarry. 
ee Missouri Mississippi Lime Co. do. Underground. 
ie Genevieve Quarry do. .. Tower Rock Stone Co. do. | Quarry. ___ 
Ec . Florida Vecellio & Grogan, Inc. . u do Do. 
Mu == .. Texas Texas Crushed Stone Co., Inc. do Do. 
_ Washington Plants five) | ` i Lehigh Hanson, Inc, со с 
D > (ive) Washington ^ — Eucon Corp. do Do : 
“Macon Qum = Indiana 2 Mulzer Crushed Stone Co., Inc. do 
ар За Ready Mix USA Holding Co, |4» По ________ 
LU Nivers Quarry Kentucky Martin Marietta Aggregates do. Do. 
Richards gereg 
"Se Genevieve Qui Oklahoma — — TheDoleseBrohersCo. — 1 — do. П/ _ | .— 
"y Missouri Holcim Group/Aggregate Industries do. Do. 
CERRO "I _ Management, Inc. 
m - ... Texas | Dow Chemical Co. Salt | Solution. | 
Hunter Qar о Utah 7 GreatSalt Lake Minerals Corp. Magnesium compounds Well and pumping. — | 
ЕТСТЕГЕ — Тез Hunter Industries, Inc, Stone, crushed | Ошу — | - 
_TXI Mill Creek Quar Illinois | Vulcan Materials Co д ___"__" Бо ________ 
Maysville 4 Texas Texas Industries, Inc. do. Do. ; 
_Виоп Qu E Kentucky Carmeuse Inc. do. Quarry and underground. 
„Hampton C . Arkansas Martin Marietta Aggregates do. Quarry. 
Dis == . New York American Rock Salt Co. Salt Solution. 


FE 
List includes private- 
^W, 

ere data are notr 
Includes Carlin Min 
Creeks Mine, and T 
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Sector operations only; excludes U.S. Bureau of Land Management and U.S. Forest Service operations. 

ported for individual mining operations, ranking is on the basis of production as reported for a group of operations. | 
58 complex, Carlin East Mine, Deep Post Mine, Gold Quarry Mine, Leeville Mine, Midas Mine, Pete Mine, Phoenix Mine, Twin 
urquoise Ridge Mine; ore was mined from eight open pits and six underground mines. 
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TABLE 4—Continued 
TWENTY-FIVE LEADING METAL AND INDUSTRIAL MINERAL MINES AND QUARRIES IN THE UNITED STATES IN 2010, 


IN ORDER OF OUTPUT OF CRUDE 


ORE! 


‘Formerly listed as Betze-Post Mine. 


"Includes Cortez Hills and Cortez Pipeline Mines. 
5Wholly owned subsidiary of Grupo Mexico, S.A.B. de C.V. 


"Wholly owned subsidiary of Rio Tinto plc. 


TABLE 5 


TWENTY-FIVE LEADING METAL AND INDUSTRIAL MINERAL MINES AND QUARRIES IN THE UNITED STATES IN 2010, 
IN ORDER OF OUTPUT OF TOTAL MATERIAL HANDLED! 


Мате of mine, quarry | BE 
.. _ Oroperation® — State —— _ Operator Commodity Mining method 
Metal: EE ee m | 

Eastern Nevada operations? Nevada . Newmont Mining Corp. _ Gold | Open pit and underground. 

Goldstik" — do. _ Barrick Gold Corp. о до | Ро. | 
Cortez” ed |. do. do = EN do. = | Ореп pit. 

_ Bingham Canyon _ Utah Кеппесоп Utah СопрегСоље ^ Copper-molybdenum ^ Do. о 
Morenci — || Arizona Freeport-McMoRan Copper & Gold Inc. до, Do. 

Smoky Valley Common Nevada Kinross Gold Corp. О Gold | Оро. 

Operation —— РВ НИ 

Minntac | .. Minnesota. . United States Steel Corp. ы Iron ore Do. _ 

_ Вау 0 у __ Arizona АЗАВСО LLC nn" Copper | _ Do. i o 
. Bald Mountain . Nevada  Вапіск Gold Corp. _ Gold 0 Do 0 
 Marigold = д Goldcorp Inc. ——— do, | Do. 

Bagdad Е Агігопа | Freeport-McMoRan Copper & Gold Inc. Copper-molybdenum | Do. | | m 
Tilden _ Michigan Cliffs Natural Resources Inc. с опоге 00 Do | 

a о Colorado | . AngloGold Ashanti Ltd. 00 Gold ре 

_ Mission Complex -Arizona  —— АЗАВСО LLC? "DENM Copper-molybdenum ^ Do. M 
 Sierrita | до Freeport-McMoRan Copper & Gold Inc, d. р. | 

| Safford NDS _ о X O Freeport-McMoRan Copper 4; Gold Inc. Copper | | Do. 

Robinson | _ Nevada Quadra Mining Ltd. __ Coppermolybdenum ^ Do. MP 
Mesquite | __ Califomia Мем Gold In. - E вс "i : 
-Ruby Hil | . Nevada Barrick Gold Corp. "dos ee 

Hibbing Taconite . Minnesota Cliffs Natural Resources Inc. | Iron 65 | | Do. | 
Keetac ese os _ do = United States Steel Corp, в. = Do. uem 
E s NN NN Cliffs Natural Resources Inc. PN AMEN Сы = 
-Fort Knox Alaska —. Kinross Gold Сор. ^ ^ ^ - God ~~ Do. | 
а Minnesota _ Cliffs Natural Resources Inc. — о - = vae 
. Golden Sunlight | . . Montana Barrick Gold Corp bdo On ore Do. 

Industrial mineral: | ХИ = Gold Do. 

Florida mines (five) Florida The Mosai 
ы MUS a aic Co, 

Boron Mine | California D Borak inc. Phosphate rock - Do. - 
South Pasture — Florida CF Industries, Inc ‚ Boron | Do = 
о AMNEM VM 22 РСЗ Phosphate Co., Inc. .. Phosphate rock | о о = 
_Ашоа -——-— North Carolina ^ do, з? - P z Do. ----- 

Beckmann Texas — Manin Mea з. шй ыы ы о. Ро | 
Balcones Plant и. дф _ CEMEX 75 d. oy ыа SEMIS 

Ste. Genevieve Quarry Missouri Tower Rock Stone Co 5 do. Do. 

Peerless Mine do. Mississippi Lime Co, Сэ Do. 

White Rock Florida | Vecellio & Grogan, Inc. . do. Underground. 

Georgetown. _ Texas . Texas Crushed Stone Co, ju 7 . do. Quarry. - 

Perch Hill 74 до - — . Lehigh Hanson, Ine ^ ^ Чо. Do. _ 

Washington Plants (five) | Washington | Висоп Сор. —  - do. Do. 
_ Cape Sandy | 0 Indiana .. Mulzer Crushed Stone Co., Inc do. Do. 
Macon Quarry .- ... Georgia . Ready Mix USA Holding Co | 9 20; 
. Three Rivers Quarry Kentucky Martin Marietta Aggregates a 26. 
_ Richards 2! | Oklahoma | The Dolese Brothers Co do. Do. 

Ste. Genevieve Qu Missouri ; i n do. 

"NE " Holcim Group/ ABgregate Industries do = 
| Management, Inc. Do. 


See footnotes at end of table. - 
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TABLE 5—Continued 
| TWENTY-FIVE LEADING METAL AND INDUSTRIAL MINERAL MINES AND QUARRIES IN THE UNITED STATES IN 2010, 
IN ORDER OF OUTPUT OF TOTAL MATERIAL HANDLED! 


Name of mine, quarry 
or operation” State Operator Commodity Mining method 

Industrial mineral—Continued: 
ЕТІ Quarry ч Техаѕ Hunter Industries, Inc. Stone, crushed Quarry. "E 
~ McCook 7800 Illinois Vulcan Materials Co. do. Do. ЕЕ 
-TXI Mill Creek Quarry Texas Texas Industries, Inc. do. Do. 

Freeport do. Dow Chemical Co. Salt Solution. 

Ogden Utah Great Salt Lake Minerals Corp. Magnesium compounds Well and pumping. 

Maysville Kentucky Carmeuse Inc. Stone, crushed Quarry. 

Hatton Quarry Arkansas Martin Marietta Aggregates do. Do. 
Do., do. Ditto. 


!List includes private-sector operations only; excludes U.S. Bureau of Land Management and U.S. Forest Service operations. 

Where data are not reported for individual mining operations, ranking is on the basis of production as reported for a group of operations. 
| "includes Carlin Mines complex, Carlin East Mine, Deep Post Mine, Gold Quarry Mine, Leeville Mine, Midas Mine, Pete Mine, Phoenix Mine, 
| Twin Creeks Mine, and Turquoise Ridge Mine; ore was mined from eight open pits and six underground mines. 

"Formerly listed as Betze-Post Mine. 

"Includes Cortez Hills and Cortez Pipeline Mines. 

"ойу owned subsidiary of Rio Tinto plc. 

"Wholly owned subsidiary of Grupo Mexico, S.A.B. de C.V. 
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TABLE 6 
MARKETABLE PRODUCT AND ORE TREATED OR SOLD AT SURFACE AND UNDERGROUND MINES 


IN THE UNITED STATES IN 2010, BY SELECTED COMMODITY AND STATE! 


(Thousand metric tons, unless otherwise specified) 


Marketable product _ | Ore treated or sold 
..CommodityorState Surface Underground Тош! Surface ^ Underground Total | 
Commodity: 
Metal ore: 
Copper? 1,110 Е 1,110 609,000 с 609,000 
Gold (3) 0) 231,0004 183,000 5,350 188,000 
Iron ore, usable 49,900 -- 49,900 165,000 - 165,000 
Industrial minerals: 
Clays 25,400 9 25,400 25,400 (6) 25,400 
Feldspar’ 546 | PE | 546 Я 546 -- 546 
Gypsum 8,840 2.240 11,100 8,840 2,240 11,100 
Phosphate rock 25,800 -- 25,800 106,000 - 106,000 
Pumice® 390 -- 390 390 = 390 
Salt © 4350 43500 со 43300 ^ 43300 
EE and gravel: SSS | 
Construction 795,000 — 795,000 795,000 -- 795,000 
= Industrial 29,900 (5) 29,900 29,900 | (0 29,900 
2 ash " 10,600 10,600 | - . 10,600 10,600 
tone: 7 | 
Crushed 1,090,000 А 68,700 1,160,000 1,090,000 68,700 1,160,000 
Dimension | | 16002 (5) 1,670 1,670 (10) 1,670 
Talc 511 = 511 511 BM" 511 
State:  00- | 2 я m 
Alabama | 46400 _ (5) 46,400 46,400 (6) 46,400 
Alaska o 8100 о в00 37,30 в 37300 
Arizona | 42600 -- 260 515.000. (б 515,000 
. Arkansas 41,500 |. © 41500 41500 — (9 4150 
—Califomia — ^ ^ ^ 108000 G) 108,000 138,000 ШЕ 138,000 
— Colorado —— 36400  . (5) 36,400 57,000 | (6) 57,000 
—Gonnestiout ______ Ооо is p00 ЫШ 227 713,000 
Delaware 2210 = 2,210 2210 — —— —— 2210 
Florida 143000 | -- 143000 143.000 — 143,000 
Georgia 53,500 _ (5) 53,500 53.500 ^ (9 350 
Hawaii 5.320 - $320 5320 Шы зай = EOS 
Idaho | 21300 — O — 21300 — 3160 ^ e 31,600 
—llinos А 65900 9,050 75,000 65,900 9,050. 75,000 
Indiana 60900 о 60,900 ^ 60.900 m 60.900 
lowa 41,500 6,030 47,500 4500 ^^ 6.030 47,500 
Kansas 27,300 2,870 — 30200 27300 ` 270 30200 
Kentucky 37,400 16,800 54200 — 37400 — 16,800 54.200 
Louisiana — асы а DCUM enum ee oe 54,200 
E — 28500 13300 41,800 29600 13,900 43,500 
Maine 11,100 - 11400 | 1L100 se = Pes 
Maryland 29,700 6) 29.700 : 29700 NOR A _ 11,100 
. Massachusetts 18,000 -- 18,000 | 18,000 Е -% 29,700 
Michi ELT 18000 р 18,000 
ichigan 69,100 (5) 69,100 96,000 ТЕ 000 
Minnesota ____ 80,300 5 80300 16e 000 - (6) 96,000 
Mississippi 16,100 С Pi - . 168,000 
Missouri | || 71,600 10100 %1800 ы T 16100 
Montana 12,700 б 12700 зовор 70 86100 
Nebraska 20,600 Bu C os S 6 30,600 
Nevads 3420) 7 —©- 20500 120600 Е (0 20,600 
New Hampshire 10000 __ - 7 10100 D. © 153,000 
New Jersey 25,100 -- 25,100 55100 7... 10,100 
New Mexico __ 18,500 ка (5) 185 00 ^ 5,100 | . 7.25400 
New York 62100 — 6, 200 68300 61 000 _ (0 . 61,000 
North Carolina 33400 — зор 52100 _ 6200 _ 68300 
North Dakota 17,900 == НВ 58,000 
Ohio 67,800 00 17,900 17,900 


6,410 ) | аи ој 
See footnotes at end of table. 74200 67,800 __ 6,410 TEE 74,200 
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TABLE 6—Continued 


MARKETABLE PRODUCT AND ORE TREATED OR SOLD AT SURFACE AND UNDERGROUND MINES 


IN THE UNITED STATES IN 2010, BY SELECTED COMMODITY AND STATE! 


(Thousand metric tons, unless otherwise specified) 


'Data are rounded to no more than three significant digits; may not add to totals shown. 

"Includes copper-molybdenum. 

*Withheld to avoid disclosing company proprietary data; included in “Marketable product, total.” 

‘Kilograms, 

‘Withheld to avoid disclosing company proprietary data; included in “Marketable product, surface.” 
*Withheld to avoid disclosing company proprietary data; included in *Ore treated or sold, surface." 
"Includes aplite. 

Excludes volcanic cinder and scoria; included with “Crushed stone.” 

‘Withheld to avoid disclosing company proprietary data; included in “Marketable product, underground.” 
Withheld to avoid disclosing company proprietary data; included in “Ore treated or sold, underground.” 
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Marketable product ... Ore treated or sold 
Commodity or State Surface Underground . Total Surface _ Underground Тоа! - 
State—Continued: e" 2. 
Oklahoma 50,400 _ (5) 50,400 52,800 (6) 52,800 
Oregon 26,800 =- 26,800 26,800 - 26,800 
Pennsylvania 80,800 8,330 89,100 80,800 8,330 89,100 
Rhode Island 2,450 -- | 2,450 2,450 -- 2,450 
South Carolina 24,700 -- 24,700 24,700 en 24,700 
South Dakota 15,800 - 15,800 25,200 - 25,200 
Tennessee 43,800 __ 2,760 46,500 43,800 2,760 46,500 
Texas 184,000 8,440 192,000 184,000 _ 8,660 193,000 
Utah 35,100 (5) 35,100 89,300 (6) 89,300 
Vermont 10,600 -- 10,600 10,600 - 10,600 
Virginia 53,500 (5) 53,500 56,400 (6) 56,400 
Washington 41,300 (5) 41,300 41,700 (6) 41,700 
West Virginia 16,200 (5) 16,200 16,200 | (6) 16,200 
Wisconsin 51100 6) 351,100 5,0 ө 31, ‚100. 
Wyoming 26,900 9,710 36,600 26,900 9,710 36,600 
— Zero. 


TABLE 7 
MINING METHODS USED AT SURFACE OPERATIONS IN THE UNITED STATES 
IN 2010, BY COMMODITY 


(Percentage of total material handled) 


Preceded by drilling Not preceded by drilling 
Commodity and blasting _ — and blasting! 


Metal ore: 

_ Beryllium uM m | | | 100 | x 

Copper? — - | 98 
Со? | КЕШЕР ИТ. 
Iron are PE 95 _ | 9 


Magnesium metal | | IMEEM" 100 
Molybdenum | Ереке | m и и 200 | m ЕЕ -- 
_ Titanium — 5 m сы mE | 100 

Uranium "D i _ Е Е E | Е 100 


Zinc 5 | | 100° | о o o 
Industrial minerals: 0 
Abrasives | s _ 100 | = 


_ Ваше __ Ри | 32 68 
Boron minerals 5 2 22. Е Е s С 100 i | | Е = 
-Bromine | (0 MES | 43 | О 57 
Clays | "OE MU Е i u Е | 5 № | MM 95 
Diatomite | PER "ON | | | » 37 i Е 7 _ 63 


_ Emery E мо - 
. Feldspar | | в 


EC NN MMC MT 
_Greensand marl "TN | m С m Е dun || 100 
Gypsum — 1000 - 
lodine — _ — № 
- оп oxide pigments — — — — ^. — — 0 
Kyaite | 00 | 200. 
. Lithium minerals _ | u _ и mu | T ous m | | 100 
m. NEMINEM ба . 
Magnesium compounds ae ИТ 


_Mica,scrap | (0 | 51 | 49 
-Olivine о о о ||| B m 
Ше — —  — — қаға 30 1 7о 
| Phosphate rock — HIMEN Е | | | 4 7727 ||... 96 
_ Potashh — — "mM u— Е | mE uu MM | _ 100 
. Pumice? | RENTEN MN 8l 
Sat 220 DP ae |... 100 
Sand and gravel: е. DS m 
Construction 0000 | | = 100 
о Industrial 00002525000 - | _ 100 
| Stone: | 


_ Crushed ——— o. 100 ЕКЕ” 
| Dimension ИИИ ОИК ЕН |. 100 
Tae 98 a 
Тр —— — 84 — 16 


Vermiculite =  — — 34 66 
= Wollastonte 0 | | 83 17 
Zeolites — 0000 99 4 
-- Zero. s 
! Includes drilling and cutting without blasting, dredging, mechanical excavation and 
nonfloat washing, and other surface mining methods. 


?Includes copper-molybdenum. 
? Includes gold-silver. 


“includes aplite. 
5Excludes volcanic cinder and scoria; included with “Crushed stone.” 
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TABLE 8 


EXPLORATION ACTIVITY IN THE UNITED STATES IN 2010, BY METHOD, COMMODITY, AND STATE! 


(Meters) 
Rotary and Percussion 
Churn and reverse drilling, other 
diamond circulation drilling, and 
Commodity or State drilling drilling trenching | — Grand total 
Commodity: | 
Copper” 47,000 4,880 W 51,800 
Gold 234,000 835,000 W 1,070,000 
Lead 27,500 35,400 -- 62,900 
Zinc 9,330 -- -- 9,330 
Other? 16,800 124,000 29,000 170,000 
Total 335,000 1,000,000 29,000 1,360,000 
Percentage of grand total 73 2 100 
State; 
Alaska 21,600 276,000 W 298,000 
Arizona 24,200 4,880 -- 29,000 
Missouri 27,500 35,400 -- 62,900 
Nebraska 76,200 -- 76,200 
Nevada 222,000 558,000 W 779,000 
Washington 9,330 -- -- 9,330 
Undistributed" 30300 | 49,700 29,000 109,000 
Total 335,000 1,000,000 29,000 1,360,000 


W Withheld to avoid disclosing company proprietary data; included with “Other” or “Undistributed.” -- Zero. 


| 2227 " 
Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes copper-molybdenum. 


‘Includes cobalt, mica, platinum and palladium, rare earths, silver, talc, and uranium, and commodities indicated by symbol W. 
Includes Alabama, California, Idaho, Montana, Texas, Washington, Wyoming, and States indicated by symbol W. 
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ABRASIVES, MANUFACTURED 
By Donald W. Olson 


Domestic survey data and tables were prepared by Glenn W. Walker, statistical assistant. 


In 2010, estimated Canadian and United States combined 
production of regular-grade fused aluminum oxide was 10,000 
metric tons (6), with a value estimated to be $1.7 million. The 
US. apparent consumption of fused aluminum oxide was 
estimated to be 131,000 t. U.S. silicon carbide production was 
estimated to be 35,000 t, with an estimated value of $25.9 
million. The U.S. apparent consumption of crude silicon carbide 
was estimated to be 116,000 t. U.S. production of metallic 


abrasives was 169,000 t valued at $89.1 million. U.S. shipments 


of metallic abrasives were 187,000 t, with a value of $117 


_ million. The U.S. apparent consumption of metallic abrasives 
` was estimated to be 199,000 t. 


This report includes information on the following abrasives 
manufactured in the United States: aluminum-zirconium oxide, 


-boron carbide, fused aluminum oxide, metallic shot and grit, 


and silicon carbide. In some cases, United States production 


_ Gta were combined with Canadian output to avoid disclosing 


company proprietary data and still provide useful data on the 
overall Canadian-United States market. Trade data in this report 
are from the U.S. Census Bureau. АП percentages in the report 
were computed using the unrounded data. 

Abrasives play an important role in the fashioning and 
fishing of many products with a wide range of uses. Abrasives 
are natural or manufactured substances that are used to abrade, 


_ Cheat, etc, grind, polish, scour, or otherwise remove solid 
Material by rubbing action (as in a grinding wheel) or impact (as 


iin blasting). The most important physical properties for 
abrasives are character of fracture (cleavage), friability, grain 


| shape and size, hardness (scratch hardness), purity (uniformity), 


and toughness ( 


. heating or chemicall 
-abrasive properties. No s 


rigidity). Additional considerations include 
bonding characteristics, cost, and thermal stability. 
red abrasives are made from metals or minerals by 
y treating them to enhance or give them 
ют, 1956, 31. "4 property is paramount for any use 
изи, abrasives generally dominate high-grade 
à ets as opposed to natural abrasives because 
© Superior physica] Properties, more uniform quality, 
us го to meet users" needs. Consequently, 
anb rasives typically are characterized by premium 
ES to natural abrasive minerals, Even though 
Алыну i Pis are usually more expensive, their 
и tay tency have proven to be more cost effective. 
"tal finishing iei many Industrial applications, such as 
Ше volumes of Pis and polishing. In the United States, 
wallboard and ¢ rasives also are used in cutting and finishing 
And timber. The abrasives market is mature, and the 


Use 9 Vari 
бн Qus manufactured abrasive materials is fairly well 
У pplication (Kendall, 2001, р. 55). 


availability, 
Manufactu 
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Fused Aluminum Oxide 


Production.—Production data for regular and high-purity 
fused aluminum oxide in this report were obtained by the U.S. 
Geological Survey (USGS) from producers in Canada and the 
United States. The data were collected from two companies that 
operated three plants and represented the entire Canadian and 
United States fused aluminum oxide industry (table 1). Saint- 
Gobain Abrasives operated a fused aluminum oxide plant in the 
United States, and Washington Mills Electro Minerals Corp. 
operated fused aluminum oxide plants in Canada and the United 
States. Quantity data from the two countries were combined to 
avoid disclosing company proprietary data and are reported by 
the producers, estimated, and rounded to the nearest 5,000 t. 

Production of regular-grade fused aluminum oxide in 2010 
was an amount rounded to 10,000 t, with a value rounded to 
$1.7 million. The weight and value were essentially unchanged 
compared with 2009 regular-grade fused aluminum oxide 
production (table 2). Reporting on the output of high-purity 
fused aluminum oxide has been discontinued to avoid disclosing 
company proprietary data. 

Consumption.—Abrasive-grade fused aluminum oxide has 
many end uses. Specific applications in 2010 included antislip 
additives, bonded abrasives (such as abrasive grains that are 
made to adhere to each other and then are pressed or molded 
into abrasive tools), buffing/polishing compounds, coated 
abrasives (such as abrasive grains glued to a backing of paper 
or cloth), dry or wet blasting media, and tumbling media. Fused 
aluminum oxide in a micropowder form was used for industrial 
and electronic applications that require fine surface finishing. 
Fused aluminum oxide does not face any significant substitution 
threats at present, as it is generally a very cost-effective 
abrasive. The total 2010 U.S. apparent consumption of all forms 
of fused aluminum oxide was estimated to be 131,000 t, with a 
value of $72.5 million, based on the average customs unit value 
for imports. 

Prices.—The USGS canvassed fused aluminum oxide 
producers to determine the total value of their production for the 
year. The survey indicated that the average unit value of regular 
fused aluminum oxide produced in Canada during 2010 was 
$165 per metric ton at the point of production; the average value 
of high-purity fused aluminum oxide output was $671 per ton at 
the point of production. Prices of abrasive grain produced from 
these materials and sold to consumers were significantly higher. 

Average unit values of fused aluminum oxide traded by 
the United States in 2010 as reported in this publication are 
based on U.S. Census Bureau data. The average value for U.S. 
exports of crude fused aluminum oxide during the year was 
about $3,400 per ton. The average customs value of crude fused 
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aluminum oxide imports during the year was $555 per ton, but 
values ranged from $210 per ton (Germany) to $9,590 per ton 
(Republic of Korea), and those of fused aluminum oxide grain 
imports averaged $1,300 per ton and ranged from $481 per ton 
(United Kingdom) to $6,700 per ton (Slovakia). The extremely 
high values represent small quantities of highly specialized 
materials. 

Foreign Trade.—Compared with those of the previous year, 
crude fused aluminum oxide exports in 2010 increased by 62% 
to 20,000 t, and the value of those exports increased by 112% to 
$67.9 million (table 5). Of the exports shipped to 39 countries, 
78% went to Canada, Germany, Mexico, and the United 
Kingdom, in decreasing order by quantity. 

During 2010, imports of crude fused aluminum oxide were 
received from 12 countries and increased by 268% to 141,000 
t valued at $78.1 million compared with those of 2009; imports 
of ground and refined fused aluminum oxide were received from 
22 countries and increased by 7196 to 44,600 t valued at $58.0 
million (table 6). Some of the imported crude fused aluminum 
oxide was refractory-grade material. China, Venezuela, and 
Canada supplied 7796, 15%, and 596, respectively, of the crude 
imports. Compared with those of 2009, crude imports from 
Canada decreased to 7,180 t from 8,450 t, while imports from 
China increased to 108,000 t from 24,200 t, and those from 
Venezuela increased to 20,400 t from 5,090 t. Brazil, Germany, 
Austria, China, Hungary, and Italy provided 3276, 23%, 18%, 
9%, 6%, and 4%, respectively, of the ground and refined 
material. 

These relatively large increases in the quantities and values 
of aluminum oxide exports and imports are because of the 
improvement of global economic conditions during 2010 and its 
impact on industries that use aluminum oxide. 


Silicon Carbide 


Production.—One company produced abrasive-grade silicon 
carbide in the United States during 2010 (table 1). This company 
also produced similar amounts of metallurgical-grade silicon 
carbide. À second company, in Hopkinsville, KY, produced a 
small quantity of silicon carbide, primarily intended for use in 
heat-resistant products rather than abrasives. U.S. silicon carbide 
production decreased slightly during 2010 to an estimated 
35,000 t, and the value of production decreased slightly to $25.9 

illi 2). 
MUR dM QUA silicon carbide has many end 
uses. Specific applications in 2010 included antislip abrasives, 
blasting abrasives, bonded abrasives, coated abrasives, | 
polishing/buffing compounds, tumbling media, and wiresawing 
abrasives. The total abrasive-grade silicon carbide consumed 
in the United States in 2010 was about 116,000 t with a value 
of $92.0 million, based on the average customs unit value for 
ее on information from industry sources and | 
publications, the average value of abrasive-grade silicon carbide 
at the point of manufacture was $739 per ton in 2010, which 
was unchanged compared with that of 2009. The average value 
for U.S. crude silicon carbide exports in 2010 was $1,460 per 
ton, а 5% decrease compared with that of 2009. The average 
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value for U.S. ground silicon carbide exports was $5,970 per 
ton, a 9596 increase compared with that of 2009. 

Crude silicon carbide imports from China had an average 
value of $801 per ton. The average value of crude silicon 
carbide imports from other countries was $778 per ton. Silicon 
carbide grain imports from China had an average customs value 
of $1,260 per ton. The average customs value of silicon carbide 
grain imports from other countries was $2,520 per ton (table 6). 

Global prices for silicon carbide steadily increased throughout 
2008 despite poor global economic conditions (Kennedy, 
2008); then during 2009, the poor global economic conditions 
caused average prices to drop each quarter of that year. This 
trend reversed during 2010, as silicon carbide prices steadily 
increased throughout the year, reflecting improvement in global 
economic conditions. This price trend was demonstrated by the 
quarterly average unit values for imports of both types of silicon 
carbide. Crude silicon carbide import unit values increased from 
$544 per ton in the first quarter to $1,010 per ton in the fourth 
quarter, and silicon carbide grain unit values increased from 
$2,110 per ton in the first quarter to $2,200 per ton in the fourth 
quarter of 2010. 

Foreign Trade.—In 2010, the United States exported crude 
silicon carbide to 23 countries and refined and ground silicon 
carbide to 39 countries. The total crude silicon carbide exports 
for 2010 increased by 7% compared with those of the previous 
year to 18,200 t valued at $26.6 million (table 5). Of the 
exported crude silicon carbide material, 7196 was shipped to 
Norway. Compared with those of 2009, exports of refined or 
ground silicon carbide increased by 3196 to 4,920 t valued at 


$29.4 million. Of the exported refined and ground material, 37% 


was shipped to Canada. 


In 2010, the United States imported crude silicon carbide from 


15 countries and imported ground and refined silicon carbide 
from 19 countries. Imports of crude silicon carbide increased 
by 6696 during the year to 99,300 t valued at $78.7 million 
(table 6). Imports of silicon carbide in ground or refined form 
increased by 140% to 43,400 t valued at $85.9 million. China 
accounted for 65% of the crude silicon carbide imports and 43% 
of the ground and refined silicon carbide imports. A large part 
of the imports from China reportedly included metallurgical- 
grade material. During 2010, China doubled its silicon carbide 
production and was the world's leading producer of silicon 
carbide. With all grades and end uses of silicon carbide added 
together, China held a 70% global market share during 2010 
(O'Driscoll and Watts, 2011). 

These relatively large increases in the quantities and values 
of silicon carbide exports and imports were owing to the 
improvement of global economic conditions during 2010 
impact on industries that use silicon carbide. 


and its 


Aluminum-Zirconium Oxide 


During 2010, fused aluminum-zirconium oxide for abrasive 
applications, such as resin-bonded grinding wheels, was 
produced at one plant in the United States, belonging to _ 
Saint-Gobain Abrasives, and one plant in Canada, belonging (0 
Saint-Gobain Ceramic Materials Canada Inc., but production 
data from these plants are withheld to avoid disclosing company 


proprietary information. 
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Boron Carbide 


Washington Mills Electro Minerals was the only commercial 
producer of boron carbide in the United States during 2010. 
Boron carbide was used as an abrasive for lapping and 
ultrasonic cutting operations previously possible only with 
diamond dust; it was also molded to form highly wear-resistant 
products, such as armor, powdered metal and ceramic forming 
dies, pressure blasting nozzles, thread guides, and wire-drawing 
dies, Boron carbide was also used in nuclear applications, 
such as neutron-absorbing shielding and reactor control rods 
(Washington Mills Electro Minerals Corp., 2008). Domestic 
production data for boron carbide are withheld to avoid 
disclosing company proprietary data. 


Metallic Abrasives 


Production.—Data on U.S. production and shipments of 
metallic abrasives were based on a survey of domestic producers 
conducted by the USGS. Survey data were collected from 
|| companies operating 12 plants in the United States and 
accounted for all domestic production (table 3). 

Steel shot and grit accounted for almost all the metallic 
abrasives produced domestically (table 4). U.S. production of 
steel shot and grit іп 2010 increased by 21% compared with that 
of 2009. Six companies reported production of cut wire shot 
In 2010, and most of that was cut from carbon steel wire and 
sinless steel wire. Other products reported included shot cut 
from aluminum, copper, and zinc wire. One company reported 
production of steel nuggets, a wrought carbon steel blast 
nedium with properties similar to those of steel shot. 

Consumption.—Metal abrasives are used primarily as loose 
particles propelled at high velocities for blast cleaning or to 
Improve the properties of metal surfaces; 75% of the abrasives 
Semployed in cleaning operations. Principal consumers 
Ісіне foundries, machine tool industries, metalworking plants 
(particularly those supporting the automotive and aircraft 
8) and steel manufacturers. 

uring 2010, t : 

"c E — us 2. апа grit by U.S. 

timents in 2009, : , compared with 

Ы; о Fi compiles Survey data on the value of 

Ti ж $ іртепіз, but it does not collect price data. 

"m о o. shipments reported by metallic 

sof eel sho a dab listed in table 4. Average unit 

lien 5. А ranged from $0.33 to $1.23 per 

3190108630 каер | ds of cut wire shot ranged from 

ie wie oT. к m ог carbon steel, stainless steel, and 

std shot and di 1. value for total U.S. production 
was $0.49 per kilogram, and the 


average ит; 
& unit value for total sales of all steel shot and grit by 


5, Producers . 
for metallic ab was $0.59 per kilogram. Average unit values 


were $] 34 ue traded by the United States during 2010 
imports, ogram for exports and $0.58 per kilogram for 
Foreign Т, 
мае During 2010, the United States exported 
abrasives а 37 countries and imported metallic 
increase diy lose е U.S. exports of metallic abrasives 
° uring the year to 30,800 t valued at $41.3 
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million (table 5). Canada, China, and Mexico received 90% 

of the U.S. exports of metallic abrasives in 2010. U.S. imports 
increased by 175% during 2010 to 43,400 t valued at $25.3 
million (table 6). About 8796 of the imports came from Canada, 
Germany, and Sweden. 

These relatively large increases in the quantities and values 
of metallic abrasives exports and imports are owing to the 
improvement of global economic conditions during 2010 and its 
impact on industries that use metallic abrasives. 


Outlook 


Abrasives markets are greatly influenced by activity in the 
manufacturing sector in the United States and by economic 
trends. During 2010, increases in the U.S. manufacturing 
sector resulted from improvement in the global economy that 
caused increases in U.S. manufactured abrasives production 
and consumption. This was particularly true of manufacturing 
activities in the aerospace, automotive, furniture, housing, 
and steel industries. Even though abrasives markets are linked 
to these end-use manufacturing sectors, growth in these 
sectors may not necessarily lead to an increase in abrasives 
consumption. 

The U.S. abrasive markets also are influenced by 
technological trends. Improved technology in these 
manufacturing sectors has resulted in surface quality that 
requires fewer grinding and finishing operations that use 
abrasives (O'Driscoll, 2003). Less expensive imports coupled 
with higher domestic production costs and low domestic 
production capacity continue to challenge U.S. producers of 
fused aluminum oxide and silicon carbide to maintain market 
share. Competition from developing nations, especially China, 
probably will lead to further decreases in domestic output. China 
has become a dominant force in both fused aluminum oxide and 
silicon carbide production in recent years. This has changed the 
makeup of the manufactured abrasives market. Lower-priced 
Chinese exports have displaced and are expected to continue 
to displace manufactured abrasives produced in Europe and 
North America (Gasser, 2002). The traditional suppliers among 
the Western industrialized nations are expected to continue 
consolidating and contracting. 

Emerging suppliers of fused aluminum oxide and silicon 
carbide in China, Eastern Europe, India, the Republic of 
Korea, and South America are likely to continue to increase 
their prominence in world markets. China is now the world's 
leading producer of silicon carbide and is expected to continue 
expanding silicon carbide output to meet increases in global 
market demand (O’Driscoll and Watts, 2011). Further success 
for these suppliers, particularly in such major markets as 
Japan, the United States, and Western Europe, will depend on 
their ability to provide higher grades of material and levels of 
supply reliability while maintaining lower prices. Energy costs, 
furnace size, quality-control systems, and the availability of 
essential mineral inputs are expected to be the dominant factors 
influencing the competitive stance of these suppliers. 

The aerospace and automotive manufacturing sectors are 
likely to continue to have significant indirect influences on 
demand for manufactured abrasives used by metalworking 
operations supporting those sectors. The housing construction 
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sector in North America is expected to continue to have an 
indirect influence on demand for manufactured abrasives | 
because of the large volumes of manufactured abrasives used in 
cutting and finishing wallboard and timber. 
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TABLE 1 
CRUDE ARTIFICIAL ABRASIVES MANUFACTURERS IN 2010 


Plant location 


Company 
Saint-Gobain Ceramic Materials Canada Inc. Chippewa, Ontario, Canada 
Saint-Gobain Abrasives Huntsville, AL р 
Washington Mills Electro Minerals Corp. _ Niagara Falls, NY 


Product u 


Aluminum-zirconium oxide. | 5 — 
Fused aluminum oxide (high-purity) and aluminum-zirconium oxide. | 
Fused aluminum oxide (high-purity) and boron carbide. (0 


Do. 


Niagara Falls, Ontario, Canada | 


Fused aluminum oxide (regular). 22. ЖЕТТЕН 


Hennepin, IL 


Silicon carbide. m КУН сыл 


Washington Mills Hennepin, Inc. _ 
Do. Ditto. 


TABLE 2 
ESTIMATED PRODUCTION OF CRUDE SILICON CARBIDE AND FUSED ALUMINUM 


OXIDE IN THE UNITED STATES AND CANADA"? 


200 — 200 | 
Опапшу“ * Value? Quantity" * Value? 
Product (metric tons) (thousands) (metric tons) (thousands) 
Aluminum oxide, regular, abrasives’ - 10,000 $1,700 _ 10,000 $1,700 
Silicon carbide? 35,000 25,900 35,000 25,900 


!Data are rounded to no more than three significant digits. 


44 


?Yearend stock data are withheld to avoid disclosing company proprietary data. 

3Qwing to rounding, data do not match total quarterly Mineral Industry Surveys estimated data. 
‘Quantities are rounded to the nearest 5,000 metric tons to avoid disclosing company proprietary data. 
Regular grade accounts for about 62% of total output, and high-purity material accounts for the 


remainder. 
$ Approximately one-half of the quantity and value consists of material for metallurgical and other 


nonabrasive applications. 
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TABLE 3 
U.S. PRODUCERS OF METALLIC ABRASIVES IN 2010 


Product 
Company Plant location [shot and (or) grit] 
Abrasive Materials, LLC Hillsdale, MI Cut wire. 
Chesapeake Specialty Products, Inc. Baltimore, MD Steel. 
Ervin Industries, Inc. Adrian, MI Do. 
Do. Butler, PA Do. 
Frohn North America, Inc. Austell, GA Cut wire. 
MLP Steel, LLC Scottdale, PA Do. 
Metaltec Steel Abrasive Co. Canton, MI Steel. 
Peerless Metal Powders & Abrasive Co., Inc. Detroit, MI Steel and steel nuggets. 
Pellets, LLC Tonawanda, NY Cut wire. 
Platt Brothers & Co., Inc., The Waterbury, CT Do. 
Premier Shot Co. Cleveland, OH Do. 
Wheelabrator Abrasives Inc. Bedford, VA Steel. 
Do. Ditto. 
TABLE 4 
PRODUCTION AND SHIPMENTS FOR METALLIC ABRASIVES IN THE 
UNITED STATES, BY PRODUCT! 
Production Shipments” 
Quantity Value Quantity Value 
Product (metric tons) (thousands) (metrictons) (thousands) 
же _____ 
.Steelshotandgrit —— — 137,000 $64,900 151,000 $83,700 
. Cut wire shot and оћег? _ 1,470 5,390 1,490 5,800 
Total 138,000 | 70,300 152,000 89,500 
2010: 
_ Steel shot and grit  — 166,000 81,300 185,000 109,000 
_ Cut wire shot and other^ | 2,120 7,770 1,990 8,420 
— Total — — ^ 169000 89100 187000 117,000 


"Estimated. 


1 
Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes reported exports. 
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TABLE 5 
U.S. EXPORTS OF ALUMINUM OXIDE, SILICON CARBIDE, AND METALLIC 


ABRASIVES, BY COUNTRY AND TYPE! 


2009 2010 


Quantity Value? Quantity Value? 
Country _ (metric tons) (thousands) (metric tons) (thousands) 
Aluminum oxide, crude: i | EM 
Brazil 141 $650 314 $1,480 
Canada 5,470 7,210 7,280 11,200 
China 143 959 211 2,380 
Germany ma 1,680 6,020 3,690 15,300 
India Е 189 878 342 1,840 
Јарап 724 4,450 1,030 12,400 
_ Korea, Republic of 430 3,180 1,090 9,000 
Mexico i 2,060 3,430 2,910 4,630 
_ United Kingdom 634 1,640 1,730 2,250 
_ Other m _ 854 3620 — 1,370 7,350 
ШЕЛ | 12,300 32,000 20,000 67,900 
Silicon carbide: 
Crude: u 
___ Germany 2,550 3,020 3,040 3,470 
Japan 32 458 64 1,500 
Mexico 759 1,310 1,440 2,250 
Norway 13,400 19,500 13,000 17,800 
Other © 182 1,890 669 _ 1,650 
Total О 16,900 26,200 18,200 _ 26,600 
Ground and refined: 
Canada 1,680 2,540 1,810 2,620 
China —— 71 475 261 2,530 
Germany a 349 4,440 495 14,700 
Japan 270 873 822 3,200 
|. Mexico 996 1,570 1,070 1,670 
Other | 380 ' 1,600" 473 4,700 
Total — 3,750 11,500 — 4,920 29,400 
Metallic abrasives: 
Canada 5.160 4,730 6,580 6,520 
China 7,470 10,400 8,340 12,600 
Germany | | 172 572 230 956 
Indonesia — | _ _ 824 1,500 48 28 
Japan 963 972 508 487 
Mexico = 8,750 9.390 12,900 16,000 
Taiwan | NEM 458 447 273 483 
United Kingdom | 753 2,080 488 656 
Ове — — 1% 2070 — 130 359 
ты 590 3220 30800 4130 
‘Revised. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


2Customs value. 
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TABLE 6 


U.S. IMPORTS OF ALUMINUM OXIDE, SILICON CARBIDE, AND METALLIC 


ABRASIVES, BY COUNTRY AND TYPE! 


| 2009 2010 
| Quantity Value? Quantity Value? 
| Country (metric tons) (thousands) (metric tons) (thousands) 
| Aluminum oxide: 
| Crude: 
| Сапада 8,450 $6,530 7,180 $4,780 
| China 24,200 12,900 108,000 59,700 
| Venezuela 5,090 3,610 20,400 11,400 
| Other 489 181 4,580 2,250 
Total 38,200 23,200 141,000 78,100 
Ground and refined: 
Austria 4,210 7,100 8,010 14,400 
Brazil 9,240 7,280 14,200 14,200 
China 3,710 2,920 4,230 3,710 
Germany 5,020 7,390 10,100 14,100 
Hungary 1,100 1,090 2,530 2,430 
Italy 982 1,210 1,720 2,160 
Other 1,760 ' 3,500 ' 3,810 7,080 
Total 26,000 30,500 44,600 58,000 
| Silicon carbide: 
Crude: 
China 39,700 24,000 64,800 51,900 
Netherlands 4,540 1,330 3,020 1,340 
Romania 4,320 1,260 9,240 4,400 
South Africa 5,920 3,570 10,500 10,900 
Venezuela | 4,500 2,000 6,240 3,460 
Other 935 ' 1,250 ' 5,510 6,710 
Total 59,900 33,400 99,300 78,700 
Ground and refined: 
Brazil 4,000 5.760 9,260 13,400 
China 225 6,660 9,200 18,600 23,500 
Germany 1,570 6,800 2,570 7,620 
. Japan 1,070 7,330 1,910 15,500 
Norway 1,660 8,120 3,170 15,500 
_ Russia 1,280 1,410 3,030 3,410 
. Viemam 0-0 1,120 1,080 1,280 1,250 
Other | 725 1,430 3,520 5,730 
Total 18,100 41,100 43,400 85,900 
Metallic abrasives: 
| сева 2. 6,380 3,920 9,610 6,990 
China —  -— 1,690 3,680 1,550 2,810 
_ Germany 1,300 1,040 1,810 1,510 
Sweden 3,400 1,100 26,500 10,200 
Other ИШ 3,040 2,330 4,000 3,750 
Toal os. _ 680 — 12:100 43400 25,300 
Revised. LEER 
1 
(X are rounded to no more than three significant digits; may not add to totals shown. 
Customs value, 
ABRAS 
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ALUMINUM 
By E. Lee Bray 


Domestic survey data and tables were prepared by Glenn J. Wallace, statistical assistant, and the world production table was 


prepared by Lisa D. Miller, international data coordinator. 


During 2010, domestic primary smelters produced 1.73 
nillion metric tons (Mt) of aluminum metal, the same as in 


_ 009, valued at $3.98 billion, 31% more than the value of the 
` production in 2009. At yearend, five companies were operating 


—_—— ee 
c m ema erg 


tine primary aluminum smelters in seven States. Smelters 

east of the Mississippi River accounted for about 71% of 

the production. An additional five smelters were temporarily 
idle, Two other smelters that had been temporarily idle were 
permanently closed. About 56% [1.78 million metric tons per 
year (Mt/yr)] of domestic primary aluminum smelting capacity 
(table 2), including idle potlines at operating smelters, was not 
being used. 

Aluminum recovered from purchased scrap was essentially 
unchanged at 2.8 Mt. Of this recovered metal, 55% came from 
new (manufacturing) scrap, and 45% came from old (discarded 
luminum products) scrap. Aluminum used beverage cans 
(UBCs) accounted for 48% of the reported old scrap consumed 
in 2010 and 21% of total scrap consumed. 

Apparent consumption of aluminum increased by 4% 
compared with that in 2009. The United States and Canadian 
transportation industry accounted for 28.6% of metal shipments 
by United States and Canadian producers; containers and 
packaging, 22.4%; building and construction, 10.2%; electrical, 
ТІҢ machinery and equipment, 7.196; consumer durables, 

6.1%; and other uses, 3.1%, Exports accounted for 15.4% of 
shipments from producers in Canada and the United States in 
2010 (table 6), 

ы 27 dis d market price of primary 

"T xu 1. by 3196 to $1.044 per pound from 
22 is Fis monthly average price fluctuated 
ОШ. BA 4 2. and 51.109 per pound during the first 
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China, Russia, Canada o а 42 countries іп 2010. 
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330,000 t in Norway, 75,000 t in Venezuela, 67,000 t in Canada, 
and 67,000 t in the United Kingdom, as older smelters were 
closed, and droughts limited hydroelectric power in some 
locations. The United States remained the 5th leading producer 
of primary aluminum. 


Production 


Primary.—In June, Alcoa Inc. (Pittsburgh, PA) and workers 
represented by the United Steelworkers (USW) union ratified 
a 4-year contract that addressed issues such as health care, pay 
increases, and workplace flexibility. The contract covered 5,400 
hourly workers at 10 locations in the United States, including 
6 primary smelters at Alcoa, TN; Massena, NY (2); Rockdale, 
TX; Wenatchee, WA; and Warrick, IN. The previous 4-year 
contract had expired May 31, and work had continued without 
interruption at all locations during the negotiations (Alcoa Inc., 
2010b). 

In April, Alcoa announced that the temporary closures of 
the Badin, NC, and Frederick, MD, smelters would be made 
permanent, and the sites would be remediated. The Badin 
smelter was first opened in 1916 and last operated in August 
2002. It had a capacity of 120,000 metric tons per year (t/yr) of 
aluminum. The Frederick smelter, which began production in 
1970, had a capacity of 195,000 t/yr when it closed in December 
2005. High power prices were cited as reasons for initial closure 
of both smelters, and subsequent efforts to obtain long-term 
power contracts at competitive prices were unsuccessful (Alcoa 
Inc., 2010c). 

A 5-year labor contract between Century Aluminum 
Co. (Monterey, CA) and more than 540 hourly employees 
represented by the USW at the 244,000-t/yr smelter in 
Hawesville, KY, was ratified on December 23 (Century 
Aluminum Co., 2010c). Production had continued since the 
previous contract expired on March 31. Prior to the contract 
ratification, Century announced that it would restart a potline 
that was closed in March 2009 when prices and demand for 
aluminum had declined. The restart was to be completed by 
the end of March 2011 and would restore full production at the 
smelter (Century Aluminum Co., 2010a). 

Ormet Corp. restarted two potlines at its 265,000-t/yr smelter 
in Hannibal, OH, at the end of November. The restart of the 
potlines was expected to be completed in the first quarter of 
2011 and bring production at the smelter to full capacity (Ormet 
Corp., 2010). One of the potlines was shut down in May 2009, 
and the other was shut down in August as a result of a disputed 
alumina supply agreement with its previous supplier, Glencore 
International AG. 

Noranda Aluminum Holding Corp. (Franklin, TN) returned 
the New Madrid, MO, smelter to full capacity in March after it 
shut down during a power failure caused by a storm in January 
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2009. About 75% of the smelter's capacity was shut down, and 
restart of the potlines began in early 2009 and continued through 
the first quarter of 2010 (Noranda Aluminum Holding Corp., 
2010b). 

А project to expand the New Madrid smelter capacity to 
266,000 t/yr from 250,000 t/yr resumed in September. The 
project, which had initially started in mid-2008 but was put on 
hold in early 2009 during the financial crisis, was expected to 
be completed by the beginning of 2013 (Noranda Aluminum 
Holding Corp., 20102). 

Secondary.—In March, Alcoa completed a 5096 expansion 
of its UBC recycling facility in Alcoa, TN. The project, which 
included a new crusher, delacquering furnace, and emissions 
control systems, was part of Alcoa's efforts to increase recycling 
of UBCs in the United States (Alcoa Inc., 2010a). Work on 
the project started in December 2007 and had been originally 
planned for completion in 2009, but construction was slowed 
during the global financial crisis. 

In September, a fire at Alcoa's Knoxville, TN, plant forced a 
several-week shutdown of its rolling mill. The rolling mill had 
a capacity of 500,000 t/yr and produced mostly can sheet. Other 
parts of the plant were not affected and continued production 
(American Metal Market, 2010b). | | 

In July, Aleris International Inc. restarted production at its 
Coldwater South secondary smelter in Coldwater, MI. The 
smelter had a capacity of approximately 130,000 t/yr of alloys 
commonly used for manufacturing automotive parts. The 
smelter had shut down in May 2009 owing to a cutback in 
automobile manufacturing (Platts Metals Week, 2010c). 

Bermco Aluminum Co. (Birmingham, AL) announced 
plans to relocate its secondary smelter from Birmingham, AL, 
to Lincoln, AL. The new smelter would have a capacity of 
110,000 t/yr compared with the current location’s capacity of 
55,000 t/yr. The smelter produced diecast and foundry alloys 
used by automobile parts manufacturers and other consumers. 
Construction was planned to start 10 mid-2011, and full 
production was expected by mid-2012 (Platts Metals Week, 


2010е). 
Logan Aluminu 
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m Inc. (a joint venture between Arco 
d Novelis Inc.) installed support equipment 
for a furnace at its UBC recycling facility and rolling mill in 
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Spectro Alloys Corp. (Rochester, MN) replaced a damaged 
65,000-t/yr furnace that was taken out of service early in the 
year. The new furnace had a capacity of approximately 52,000 
t/yr and was put into operation in July. The secondary smelter 
produced alloys used by the automobile industry and other 
consumers (American Metal Market, 2010c). 


Consumption 


Apparent consumption of aluminum in the United States 
increased by 496 in 2010 compared with that in 2009. 
Shipments of aluminum by United States and Canadian 
producers to their combined domestic markets increased by 
2295 in 2010 compared with the amount shipped in 2009. 
Shipments of aluminum for containers and packaging in 2010 
increased slightly compared with those in 2009. Shipments 
to the transportation sector increased by 46%, building and 
construction by 4%, consumer durables by 31%, electrical by 
18%, and the machinery sector by 47%. 

The increase in shipments of aluminum to the transportation 
sector resulted primarily from an expansion of automobile 
production. Manufacturing of light vehicles in North America 
increased by 39% in 2010 compared with production in 2009, 
and in the United States, increased by 35% to 7.58 million units 
from 5.61 million units. Production in the first half of 2009 had 
been significantly reduced by extended shutdowns as a result 
of the bankruptcies of General Motors Co. and Chrysler Group 
LLC (CSM Worldwide Inc., 2010; IHS Automotive Inc., 2011). 

The Boeing Co. (Chicago, IL) reported that its deliveries of 
commercial aircraft were 4% lower than in 2009 owing to a 
decline in deliveries of wide-body models. Deliveries of the 
single-aisle 737 aircraft increased slightly as airlines continued 
to replace older aircraft with more fuel efficient models (Boeing 
Co., The, 2011, p. 24). 

The decrease in aluminum shipments for use in building 
and construction was a result of reduced nonresidential and 
residential construction. The U.S. Census Bureau and the 
U.S. Department of Housing and Urban Development jointly 
reported that housing starts were up by 6.1% in 2010 compared 
with starts in 2009. The number of houses completed, however, 
was 17.796 fewer than in 2009 (U.S. Census Bureau, 2011b). 
Spending on nonresidential construction during 2010 decreased 
by 13.996 compared with that in 2009. Total construction — 
spending during 2010 was down 10.3% compared with that ІП 
2009 (U.S. Census Bureau, 201 1a). 


Stocks 


According to data reported by the Aluminum Association 
Inc. (2011), United States and Canadian producers’ combine 
inventories of aluminum ingot, mill products, and scrap 
increased by 8% to 1.01 Mt at yearend 2010 from 937,000 t е 
yearend 2009. The LME reported that primary aluminum din 
ingot stocks at its U.S. warehouses increased by 3% to 2.09 
at yearend 2010 from 2.02 Mt at yearend 2009. At yearend 
2010, LME warehouses in the United States also held about 
70,000 t of North American special aluminum alloy o 
(NASAAC) metal ingot, a 61% decrease from the UD 
at yearend 2009 (London Metal Exchange Ltd.. 2009, 2019). 
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Prices 


The monthly average U.S. market price of primary aluminum 
metal, as reported by Platts Metals Week, started the year at 


_ $1069 per pound of aluminum and fluctuated between $0.934 


per pound and $1.109 per pound until October. The monthly 
average price was about $1.12 per pound in each of the past 3 
months of the year. The annual average price in 2010 increased 
091044 per pound from $0.794 per pound in 2009. The 

[ME monthly average cash prices for primary aluminum ingot 
followed the same general trend as the U.S. market price, and 


_ the 2010 annual average LME cash price increased to 50.986 


per pound from $0.755 per pound in 2009. The indicator prices 


. forselected secondary aluminum ingots and scrap, as published 


; inAmerican Metal Market, followed the same trend as primary 


. ingtpnces (table 8). 


Foreign Trade 


In 2010, total net imports of aluminum-base materials 
decreased by 20% compared with net imports in 2009 (tables 9 
and 11). Imports for consumption of crude aluminum decreased 
by 9%, while imports of semifabricated aluminum materials 
(plates, sheet, and bars) increased by 23%, and scrap imports 


| increased by 16% compared with those of 2009. Canada 
_ remained the leading source country, accounting for 63% of the 
. lal (crude, semifabricated, and scrap) imports іп 2010, while 
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г еу project to 81% 
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.. Would own 22% of Norsk Hydro; N 


China (7%) and Russia (5%) were the second and third ranked 
suppliers (table 12), 

Exports of crude aluminum (metal and alloys) increased by 
8% and exports of semifabricated aluminum materials increased 
17% compared with those of 2009. Net exports of 1.41 Mt 
ofscrap increased by 15% compared with the amount in 2009. 
About 79% of total U.S. exports of unmanufactured aluminum 
(crude, semifabricated, and scrap) in 2010-was collectively 


tipped to China, Canada, and Mexico. The aluminum shipped 
lo China was 97% scrap (table 10). 


Mergers and Acquisitions 


ача АЗА (Oslo, Norway) and Vale SA (Rio de 

ig = ) announced а deal in May in which Norsk Hydro 

ict iis $ bauxite, alumina, and aluminum assets 

iid NS ange for $1.1 billion in cash plus $3.8 billion 
orsk Hydro. Аз a result of the transaction, Vale 


orsk Hydro would own 51% 


34% and 
s. Ofthe 1,86-Мууг Companhia de Alumina do Pare 


cm 2076. Norsk Hydro would also 
барасы 2 C the Paragominas bauxite mine (9.9 
ofthe =: M о. to purchase the remaining ped 
Metals Week 2 0105 Th ? (Norsk Hydro ASA, 2010d; Platts 
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Norsk Hydro customers in the United States (Norsk Hydro ASA, 
2010c). Aleris emerged from chapter 11 bankruptcy on June 1. 
The secondary smelter and rolling mill company had filed 

for bankruptcy protection February 12, 2009, citing financial 
pressures and declining demand and prices for its products amid 
the global financial crisis. А consortium of creditors, led by 
private equity firms Apollo Management, L.P., Oaktree Capital 
Management, L.P., and Sankaty Advisors, LLC, took ownership 
of the company (Aleris International Inc., 2010). The company 
continued to operate during the bankruptcy proceedings under 
terms of a debtor-in-possession financing agreement approved 
in 2009. 


World Industry Structure 


Production.—World primary aluminum production increased 
by 11% in 2010 compared with that of 2009 owing to smelter 
reopenings and expansions as prices recovered from the lows 
during the financial crisis. China was the leading producer and 
accounted for 40% of global production. China, Russia, Canada, 
and Australia, in decreasing order of production, accounted for 
61% of total world primary aluminum production. 

During the fourth quarter of 2008 and early 2009, many 
primary smelters announced shutdowns in response to declining 
prices, as demand for aluminum receded in the face of the 
financial crisis. Throughout 2010, most of these shutdowns 
were continued, although several restarts were announced in the 
second half of the year. 

Stocks.—As aluminum demand increased and prices 
recovered from the lows during the financial crisis in 2009, 
aluminum inventories stabilized during the fourth quarter 
of 2010. Unwrought aluminum inventories held by member 
producers of the IAI increased by 1696 to 1.40 Mt at yearend 
2010 from 1.21 Mt at yearend 2009. Unwrought aluminum 
is defined by the LAI as aluminum in its basic form made 
from primary metal or from scrap and that is metallurgically 
unworked. Total IAI aluminum inventories increased by 1396 to 
2.52 Mt at yearend 2010 from 2.23 Mt at yearend 2009. Total 
aluminum includes unwrought aluminum plus unprocessed 
scrap, metal in process, and finished semifabricated (mill) 
products (International Aluminium Institute, 2011). 

Yearend 2010 inventories of primary aluminum metal held by 
the LME decreased by 8% to 4.27 Mt from 4.62 Mt at yearend 
2009, aluminum alloy inventories decreased by 1796 to 70,000 t 
from 84,500 t, and NASAAC ingot inventories decreased by 
26% to 134,000 t from 180,000 t (London Metal Exchange Ltd., 
2009, 2010). 

Primary aluminum metal ingot stocks at U.S. LME 
warehouses increased by 3% to 2.09 Mt at yearend 2010 from 
2.02 Mt at yearend 2009. At yearend 2010, LME warehouses in 
the United States also held about 134,000 t of NASAAC metal 
ingot, a 26% decrease from the 180,000 t held at yearend 2009 
(London Metal Exchange Ltd., 2009, 2010). 


World Review 


Argentina.—Aluminio Argentino S.A.I.C. (Aluar) started 
production in July from 24 new pots that were part of an 
expansion of its smelter. A total of 72 new pots were included in 
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the expansion and would bring smelting capacity to 425,000 t/yr 
from 410,000 t/yr by 2011 (Platts Metals Week, 20109). 

Australia.—The Australian Government announced it was 
deferring implementation of a cap-and-trade program aimed 
at reducing greenhouse gas emissions. The proposal was 
withdrawn in April because of a lack of agreement in Parliament 
(Australian Department of Climate Change, 2010). The proposal 
would have included provisions for the aluminum industry and 
other emission-intensive industries to mitigate the costs during 
the first several years of implementation. 

А power supply contract was reached in November between 
Tomago Aluminium Co. Pty. Ltd. and Macquarie Generation 
Pty. Ltd. The new contract would start when the current contract 
expires in 2017 and last until 2028. The Tomago smelter was 
a joint venture between Rio Tinto (52%), Gove Aluminium 
Finance Ltd. (3696), and Norsk Hydro (12%) and had a 
capacity of 528,000 t/yr. The smelter operator was discussing 
opportunities to sell molten aluminum to manufacturers 
considering building facilities near the smelter (Norsk Hydro 
ASA, 2010j). 

Alcoa of Australia Ltd. and Loy Yang Power Ltd. signed 
long-term power contracts for the Point Henry and Portland 
smelters. A total of 820 megawatts (MW) would be provided to 
the two smelters through 2036. The contract for the Point Henry 
smelter would start in 2014 and the contract for the Portland 
smelter would start in 2016, when the current contracts expire. 
The Point Henry smelter had a capacity of 190,000 t/yr, and the 
capacity of the Portland smelter was 358,000 t/yr. The contracts 
provided for increased power supplies in the event of expansion 
of the smelters (Alcoa Inc., 2010f). 

Bahrain.—Aluminum Bahrain Ltd. (Alba) was planning 
to expand production capacity by adding more pots to two of 
its five potlines and optimizing the power efficiency of those 
potlines. The project would increase capacity of the smelter to 
970,000 t/yr from 870,000 t/yr. The project would be completed 
by yearend 2012, although specific plans were not released. 
Alba also was planning an additional potline for completion by 
yearend 2014. The capacity of the proposed new potline would 
be 400,000 t/yr and would bring total capacity of the smelter to 
1.37 Mt/yr when completed (Platts Metals Week, 20102). 

Bosnia and Herzegovina. —A|lumini] d.d. Mostar restarted 
approximately 35,000 t/yr of capacity at its 135,000-t/yr smelter 
during the first quarter. The smelter had shut down the ч 
in early 2009 in response to falling demand and prices for 
aluminum (CRU Aluminium Monitor, 201 0b). | 

4, —Novelis Inc. (a subsidiary of Hindalco Industries 
ge -t/vr primary smelter at Aratu at yearend. 
Ltd.) closed its 60,000-Чуг primary > 12. 
Novelis cited low prices, high operating costs trom tog n 
; with the smelter's location, high-priced power, outdate 
2. and its small size as reasons for closing (Novelis 


Inc., 2010). 
Brazil recycled 
the country during. 
t of UBCs, the equiva 
the ninth consecutive 
can recycling се 
ing laws. заје 
wem ee 2010 compare 


98.2% of all aluminum beverage cans sold in 
2009. Brazil collected and recycled 198,800 
lent of 14.7 billion aluminum cans. For 
year, Brazil had the highest aluminum 
ong countries that do not have mandatory 
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2009, and the volume of UBCS collected increased by 19.9% 
compared with that of 2009 (Associação Brasileira do Aluminio, 
2010). 

Canada.—One-half of the 235,000-t/yr smelter in Laterriere, 
Quebec, was shut down from July through September after the 
failure of two electrical transformers in July (Rio Tinto plc, 
2010a). 

Rio Tinto was moving forward with construction of a new 
smelter in Saguenay, Quebec, although progress had been 
slowed during the financial crisis. The first phase of smelter 
operation would be in early 2013, with a capacity of 60,000 t/yr. 
Additional potlines were planned that would bring total capacity 
of the smelter to 460,000 t/yr, although a project schedule was 
not available (Rio Tinto plc, 2010b). 

The Kitimat smelter modernization project that was delayed 
during the financial crisis was also progressing. When 
completed, the capacity of the Kitimat smelter would increase 
to 420,000 t/yr from 277,000 t/yr. New prebaked pots would 
replace the Soderberg pots to increase efficiency and reduce 
emissions (Rio Tinto plc, 2010b). In preparation for expansion 
of the smelter, two potlines with a combined capacity of 67,000 _ 
t/yr were permanently shut down, and demolition begun in 
August (Riley, 2010b; Rio Tinto plc, 2010c, p. 7, 15). 

China.—Primary aluminum production in China increased 
by 2696 compared with that in 2009. Capacity expansions and 
restarts of temporary closures outweighed closures of inefficient | 
smelters and from reduced output during power reductions at 
others (table 13). | 

The Government ordered that preferential power rates be 
discontinued to energy-intensive sectors including primary | 
aluminum smelters in several provinces by mid-June. The | 
Government also ordered highly polluting or inefficient smelters . 
to be shut down. The policy was aimed at reducing energy 
consumption and pollution in fast growing provinces of China. | 
Other industries affected by the order included ferroalloys, | 
magnesium, silicon, and titanium (Wong, 2010). 

The Ministry of Industry and Information Technology — 
announced that obsolete potlines, having a combined capacity of 
422,000 t/yr, at 15 smelters would be permanently closed by the , 
end of September. In Shanxi Province the affected smelters Were. 
Shanxi Zhenxing Aluminum Co. Ltd. (20,000 (уг), Taiyuan | 
East Aluminum Co. Ltd. (15,000 t/yr), Hanzhou Zinc Industrial | 
Special Material Co. Ltd. (7,210 t/yr), and Shanxi Jinxin | 
Aluminum Co. Ltd. (7,000 уг). In Shandong Province, affected | 
smelters were Shandong Aluminum Co. Ltd. (20,000 Фут) and 
Zibo Aluminum Co. Ltd. (10,000 t/yr). In Henan Province, 
the policy applied to Chinalco Henan Branch (60,000 (уп), | 
Sanmenxia Tianyuan Aluminum Co. Ltd. (30,000 t/yr), Qin ao 
Aluminum Co. Ltd. (20,000 t/yr), and Western Aluminum Co. 
Ltd. (2,500 t/yr). In Hunan Province, 60,000 t/yr of capacity at 
the Hunan Maoerkou Aluminum Smelter Co. Ltd. was closed. 
Affected smelters in Guizhou Province were the Shuangpa! 
Aluminum Co. Ltd. (50,000 t/yr) and the Guiyang Jinyua? |, 
Aluminum Co. Ltd. (30,000 t/yr). Chinalco's Liancheng brane 
closed 40,000 t/yr of capacity in Gansu Province. In О 
Province, Qinghai Products and Industry Investment Co. 118. 
closed 50,000 t/yr of capacity. The pots close 


100 kiloamps (KA) or less, considered to be less efficient than 
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Jl. newer potline designs that have amperages of 300 KA or greater. 
МЕ The potlines included Soderberg and prebaked pot designs, and 
many of the potlines were shutdown prior to the policy being 
it announced (China Metal Market—Alumina & Aluminum, 
їй 2010). 
ik — In September, the government of Guangxi Zhuang 
Autonomous Region announced strict regulations on expansion 
т ofenergy- and emissions-intensive industries, including primary 
aluminum smelting. Other industries included were copper, 
№ lead, iron and steel, and zinc. Power supplies to these industries 
Wi were also cut at the beginning of September, resulting in some 
lm production cuts. New smelters would not be approved for at 
ін least | year (China Metal Market—Alumina & Aluminum, 
2010h, i). The provincial government of Inner Mongolia also 
|: amounced similar policies, including the closure of 800,000 t/yr 
. of capacity at smelters with outdated or inefficient technology. 
ш Amoratorium on new smelter construction until 2011 was 
Ü pat of the policy (CRU Aluminium Monitor, 2010b). Hebei, 
и, Jiangsu, Shandong, Shanxi, and Zhejiang Provinces were also 
м implementing power restrictions to aluminum smelters and 
(i oher power intensive industries starting in July (China Metal 
| Market —Alumina & Aluminum, 20101). 
| Inorder to decrease energy consumption, ће Henan 
d Provincia government ordered smelters to shut down outdated 
y ad inefficient capacity. A total of 720,000 t/yr of capacity was 
| fected by the ordered shutdown. All pots using less than 160 
_ kloamps (KA) were to be shut down. Thirty percent of the 
pots in the Province with amperage of 180 to 300 KA were to 
| be shut down on a rotational basis. Other industries including 
calcium carbide, caustic soda, ferroalloys, iron and steel, and 
Polerystaline silicon were also affected by the policy to 
Я аена (China Metal Market—Alumina & 
€ m, 2010К). In Qinghai Province, the continuation of a 
ar policy shut down 50,000 t/yr of obsolete potlines during 


| г year. Since 2006, 165,000 t/yr of capacity had been shut 
| 
| 


в-а. X 


| е of the policy. Other potlines were being evaluated 

| 25 ifthey would be forced to shut down (China Metal 

| та umina & Aluminum, 2010n). Zunyi, Guizhou 

| n 5: 2. supplies by one-half to three smelters 

| iio: e end of August because of power shortages 

ЛЕ согеазе pollution. The smelters were owned by Zunyi 

| Sins x Ltd., Zunyi Yulong Aluminum Co. Ltd., and 

эз йл жон Со. Ltd., which had a combined 

i Мшінш US Џуг (China Metal Market—Alumina & 

ei "и К, Chiping Xinfa Aluminum Co. Ltd. was 

"iiy and 30m approximately 200,000 t/yr of aluminum 
Чү 22. tyr of alumina capacity at its smelter and 
аа. Á In Liaochen, Shangdong Province. The 

pos -. bn the closures were implemented 

йш, 3009) (China Metal Market—Alumina & 
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Among the outdated pots being decommissioned by Chinalco 
was 20,000 t/yr of capacity at the 100,000-t/yr Shandong 
smelter. Dismantling of the pots started in September (CRU 
Aluminium Monitor, 2010f). Chinalco also shut down a 
176-potline at its Liancheng smelter in Liancheng, Gansu 
Province in October because its outdated technology was not 
profitable. The smelter had been commissioned in 2005 (China 
Metal Market—A lumina & Aluminum, 2010е). In the fourth 
quarter, Sichuan Meishan Aostar Aluminum Co. Ltd. shut down 
50 pots, accounting for about 38,000 t/yr of capacity of the 
250,000-t/yr smelter. Increasing prices for power and declining 
aluminum prices were cited for the closure. Earlier in the year, 
the smelter had restarted some capacity that had been shut down 
in late 2008 and early 2009 (China Metal Market—Alumina & 
Aluminum, 2010р, а). 

A transformer fire at the 270,000-t/yr Yichuan Ningdong 
smelter in Ningxia Autonomous Region in November forced a 
shutdown. A restart was not expected until early to mid-2011 
(CRU Aluminium Monitor, 2010g). 

Qinao Aluminum Co. Ltd. (a subsidiary of Shenhuo Group) 
commissioned a 160,000-t/yr smelter in Qinyang, Henan 
Province (China Metal Market—Alumina & Aluminum, 20100). 
During the first quarter of the year, Meishan Aluminium Co. 
restarted all capacity that had been shut down during the fourth 
quarter of 2008. Higher prices and increasing demand enabled 
the restart (CRU Aluminium Monitor, 2010c). 

Chinalco was progressing on several expansions that would 
add 850,000 t/yr of smelter capacity. Construction of an 
expansion to 550,000 t/yr from 150,000 t/yr at the Guangxi 
smelter in Pingguo began in November. The project included 
an expansion of the adjacent alumina refinery that would 
increase capacity to 2.5 Mt/yr from 2 Mt/yr. The refinery would 
also attempt to recover iron oxide from the red mud, with an 
expected 220,000 t/yr of iron oxides to be recovered (China 
Metal Market—A lumina and Aluminum, 2010c). Expansion of 
the Liancheng smelter, expected to be completed in 2011, would 
add 380,000 t/yr of capacity, and at the Gansu Hualu smelter, 
70,000 t/yr of capacity and an upgrade to the carbon anode 
furnace were expected to be completed in 2011 (China Metal 
Market—Alumina & Aluminum, 2010d). 

In May, Sichuan Aba Aluminum Smelter Co. Ltd. (a 
subsidiary of Chongqing Bosai Mining Group) started 
production from an expansion project in Wenchuan, Sichuan 
Province, that increased capacity to 200,000 t/yr from 110,000 
(уг. Bosai was also constructing an extrusion plant near the 
smelter to produce value-added products (China Metal Market— 
Alumina & Aluminum, 20102). Vimetco NV commissioned the 
first two phases of the 250,000-t/yr Linfeng smelter during 2010 
and had completed the third phase by yearend. The third phase, 
with a capacity of 80,000 t/yr, was expected to start production 
in early 2011 (Vimetco NV, 2011). Kaiman Aluminum Co. 
started production from a new 350,000-t/yr smelter in August. 
The company, previously known as Coalmine Aluminum Co., 
operated a 1.8-Mt/yr alumina refinery (Platts Metals Daily, 
2010). 

Dongyuan Qujing Aluminum Co. Ltd. completed two 
expansions to its smelter in Qujing, Yunnan Province, during the 
year that increased the smelter's capacity to 380,000 t/yr from 
230,000 t/yr (China Metal Market—Alumina & Aluminum, 
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2010g). In the western part of China, Xinjiang Wujiaqu Coal 

& Power Co. Ltd. (a subsidiary of Shandong Chiping Xinfa 
Group) completed a new smelter with a capacity of 370,000 t/yr 
and started production in July. A plan to increase capacity of 
the smelter to 1.6 Mt/yr was being studied. The project also 
included a captive powerplant using coal mined near the smelter 
(China Metal Market—Alumina & Aluminum, 2010r). Jinning 
Aluminum Magnesium New Type Material Co. Ltd. started 
production from its new smelter in June. The smelter had a 
capacity of 350,000 t/yr and was located in Zhongning county, 
Ningxia Hui Autonomous Region. Expansion of the smelter 

to 1.2 Mt/yr was planned (China Metal Market—Alumina & 
Aluminum, 2010m). 

Germany.—During the first half of the year, Trimet 
Aluminium AG restarted 15,000 t/yr of capacity at its 170,000- 
t/yr Essen smelter and 40,000 t/yr of capacity at the 132,000-t/yr 
Hamburg smelter that had closed in early 2009. Trimet had 
closed 50,000 t/yr of capacity at the Essen smelter but then 
restarted 35,000 t/yr of capacity in late 2009. The restarts 
brought production at both smelters back to full capacity (Trimet 
Aluminium AG, 2010). 

Iceland.—Rio Tinto announced plans to modernize and 
expand capacity of the ISAL smelter in Straumsvik. The 
capacity of the smelter would increase to 230,000 t/yr from 
190,000 t/yr. The project was expected to be started in April 
2012 and be completed by July 2014. The expansion plan 
was made in conjunction with a long-term power agreement 
(October 2010 through 2036) with the utility, Landsvirjun (Rio 
Tinto Alcan Inc., 2010). 

Century anticipated restarting construction on the Helguvik 
smelter by mid-2011 and was awaiting final permits. The project 
was delayed during the financial crisis in late 2008. Once 
completed, the smelter would have a production capacity of 
360,000 t/yr (Century Aluminum Co., 2010b). 

India.—Vedanta Resources plc completed expansion of the 
Jharsuguda I smelter to 500,000 t/yr from 250,000 Џуг. А power 
failure in April damaged 171 pots, which were repaired during 
the year (Vedanta Resources ple, 2010b). | 

Because of delays in obtaining a mining permit at the 
Niyamgri bauxite mine, construction of two smelters was 
temporarily delayed. The 325,000-/уг Korba III smelter had 
been progressing towards initial production in the first quarter 
of 2011 and completion in September 2011. The 125,000-t/yr 
Jharsuguda П smelter would have been completed in September 
2012. Revised completion dates for both projects were not 
announced (Vedanta Resources plc, 20102, p. 31, 39; 2010c). 

A power failure caused by lightning shut down production 
at Hindalco's Hirakud smelter in early July. Full production 

ted to be restored during the first quarter of 2011. 
We T f the smelter to 161,000 t/yr from 155,000 t/yr was 
iau ` ed in early 2011. Another expansion to 
Lm : acity to 213,000 t/yr was expected to be completed 
n 200 and a further expansion to 360,000 t/yr was 
in ake e | d. Construction of the 359,000-t/yr Mahan 
being n Q00-MW captive powerplant was expected to be 
smelter апе ‘aber 2011. Completion of the 359,000-Uyr 
completed Lm 900-MW captive powerplant was projected 
— к 2011. Acquisition of land and environmental 
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permits for the proposed 359,000-t/yr Jharkhand smelter and 
900-MW captive powerplant was progressing again after having 
been deferred in 2009. Completion of the project was planned 
for 2013 (Hindalco Industries Ltd., 2010). 

Iran.—Hormzal Aluminum Ltd. commissioned а 147,000-tyr 
smelter in Bandar Abbas during the first quarter of the year 
(CRU Aluminium Monitor, 2010c). 

Italy.—Alcoa temporarily closed the Fusina smelter in May. 
Plans to close the 44,000-t/yr smelter and the 150,000-t/yr 
Portovesme smelter were announced in November 2009 in 
response to a ruling by the European Commission that power 
contracts between Alcoa and the Italian Government were 
out of compliance with European Union regulations. Alcoa 
delayed the closures while the ruling was being appealed and 
negotiations for power contracts were being made with the 
Italian Government. The Portovesme smelter was continuing to 
operate (Alcoa Inc., 2010d, p. 2; Kovalyova, 2010). 

Kazakhstan.—Construction on an expansion to increase 
capacity to 250,000 t/yr from 125,000 t/yr at the Pavlodar 
smelter was completed in May, and all of the new pots 
were producing by midyear. An anode plant was also under 
construction, with completion expected in 2011 (CRU 
Aluminium Monitor, 2010d; Eurasian Natural Resources Group 
Inc., 2010). 

Montenegro.— Central European Aluminum Co. continued 
with a modernization project of the Podgorica smelter and 
alumina refinery. Although originally planned for completion 
by yearend, some work was delayed for completion to early 
2011. Capacity of the smelter would increase to 156,000 у 
yr from 120,000 t/yr, and capacity of the alumina refinery 
would increase to 400,000 t/yr from 280,000 t/yr. During the 
year, about 100 pots which had been shut down because of the 
price decline during 2008 and 2009 were restarted. These pots 
accounted for approximately 40,000 t/yr of capacity and bring 
operating capacity to 130,000 t/yr (Central European Aluminum 
Co., 2010а; b). 

New Zealand.—In December, Rio Tinto cut production at 
its 350,000-t/yr Tiwai Point smelter by 18,000 t/yr because of 
rising spot market prices for electricity (10% of the smelter's 
power was purchased on the spot market). Shipments of billet 
to the United States were not expected to be affected. Earlier 
in the year, Rio Tinto had increased billet production to supply 
customers on the west coast of the United States because of 
strong demand by extruders (American Metal Market, 2010d; 
Riley, 20102). 

Norway.—Norsk Hydro announced plans to constructa | 
recycling plant at Karmoy, on the site of the Soderberg potline, 
which had been decommissioned in March 2009. Two furnaces 
would be built, each with a capacity of 35,000 t/yr. Casting of 
the molten metal would take place in the casthouse used by z 
primary smelter. Construction of the first furnace was Re » 
to begin in early 2011, with operation starting in summer 2 
(Norsk Hydro ASA, 2010e). 

Norsk Hydro was planning to make i 
and expand production of hydroelectric pow 
Norsk Hydro had ownership in five primary 
in Norway, with a combined capacity of almost 
that were powered by its system of hydroelectric 
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Construction began on an expansion project at the Holsbru 
powerplant in August that would increase capacity by 84 
дранай (GW). Other projects included expansion of the 
[vata powerplant by 113 GW (2012 to 2015), construction of a 
98-GW powerplant at Oyane (2012 to 2014), and modernization 
projects of five powerplants in the Rjukan region (2011 to 2015) 
(Norsk Hydro ASA, 2010a, b, f). 

Qatar—A power failure on August 9 forced the shutdown 


of AM pots at the Qatar Aluminium Ltd. (Qatalum) smelter in 
Qatar, The 585,000-t/yr smelter, which was commissioned in 


4 


December 2009, was still in the ramp-up process at the time of 
(ће shutdown. The smelter was expected to reach full production 


bythe end of March 2011. Qatalum was a joint venture between 


| 


Qatar Petroleum Ltd. (Doha, Qatar) and Norsk Hydro (Norsk 
Hydro ASA, 2010h, 1). 

Romania.—Vimetco restarted 35,000 t/yr of 60,000 t/yr of 
capacity idled in early 2009 at the 300,000-t/yr Slatina smelter. 
The restart of the pots brought operating capacity to 275,000 t/yr 
(Vimetco NV, 2011). 

Russia—United Company Виза] restarted an idle potline at 


_ the318,000-t/yr Novokuznetsk smelter in the first quarter of the 


year. Approximately one-quarter of the smelting capacity was 


Shutdown in March 2009 (United Company RUSAL, 2010а). 
-Rusal also increased production from 950,000 t/yr to 980,000 

_ Мане 1-МИуг Krasnoyarsk smelter. Minor increases 

_ Inproduction at the Kandalaksha, Nadvoitsy, Sayanogorsk, 
Wolgograd, and Volkhov smelters also took place during the year 


(United Company RUSAL, 201 la, p. 16 and 32). 
Rusal commissioned a new potline at the Irkutsk smelter in 
April that increased capacity to 460,000 t/yr from 300,000 t/yr. 


| Otter investments at the smelter included a new casthouse and 

> 1169015 control system (United Company RUSAL, 2010b). 
_ Nil obtained financing and planned to resume construction 
с Boguchanskaya smelter and hydroelectric powerplant 


ia 


In early 2011, with completion expected sometime in 2013. 
bs completed, the smelter was expected to have a capacity 
0180,00 Vyr. Construction of the 750,000-t/yr Taishet smelter 
Was scheduled lo resume in 2011 after being put on hold in 2009 
(United Company RUSAL, 2011b). 
| qoo; i October, Saudi Arabian Mining Co. 
Mere Sida began construction of the 740,000-t/yr 
Bis hia ter and 380,000 Uyr rolling mill. The project, 
шы, рн їп 2013, also included а 4-Mt/yr 
cc Ba'itha and 1.8-Mt/yr alumina refinery 

as Zawr that were expected to be completed in 2014. 
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“ошо 70,009 4 00 уг. Production from the smelter had 

сасу (Un; yr in 2009 as Rusal temporarily shut high- 
nited Company RUSAL, 2011a, p. 16, 32), 

es, Emirates Aluminuim Ltd. (EMAL) 

mw б 756 pots at the 700,000-t/yr 

Споп in December. Production from the 
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first pots started in December 2009. EMAL was a partnership 
between Dubai Aluminium Co. Ltd. and Mubadala Development 
Co. (Emirates Aluminium Ltd., 2011). 

United Kingdom.—1n July, Rio Tinto restarted full production 
at its 44,000-t/yr smelter in Lochaber, Scotland, and its 169,000- 
Ууг smelter in Lynemouth, England. The smelters had reduced 
production in the early part of 2009, but by yearend 2009, 
production was gradually being restored (Rio Tinto plc, 2010c, 
p. 15). 

Venezuela.—At the beginning of the year, Venalum shut 
down 145,000 t/yr of capacity at the 430,000-t/yr smelter owing 
to a power shortage caused by low water levels at the Guri Dam 
and to low prices for aluminum. Starting in August, Venalum 
restarted production from 145 of the 394 pots that had been 
shut down. The company imported aluminum to fill domestic 
customer orders and reduced exports because of the shutdown 
(Platts Metals Week, 2010h, i). Alcasa also shut down 115,000 
t/yr of its 210,000-t/yr smelter in January as a result of power 
shortages, including two potlines (50,000 t/yr of capacity) that 
were permanently shut down because of outdated technology 
and low productivity. Despite increased power supplies, restart 
of the temporarily closed pots was delayed as a result of 
financial issues (Platts Metals Week, 2010b). 


Outlook 


Aluminum prices generally continued their upward trend 
in the first quarter of 2011, exceeding the price range of 2006 
through mid-2008, but remained volatile. At the end of 2010 
and early in 2011, five domestic smelters announced restarts of 
capacity shut down during the fourth quarter of 2008 and first 
quarter of 2009. These restarts were generally attributed to new 
low-cost power contracts combined with recovering aluminum 
prices. Other domestic capacity that closed during the financial 
crisis was not expected to restart until producers were more 
confident in a sustained recovery and could also obtain low-cost 
power contracts. As of June 1, 2011, about 40% (1.23 Mt/yr) of 
domestic primary aluminum smelting capacity was not being 
used. World demand for aluminum in 2011 was expected to 
remain at levels lower thàn in 2008 owing to depressed levels in 
automobile manufacturing and home construction. 

Consumer credit issues in the United States and Western 
Europe were expected to continue through 2011. The continuing 
uncertainty of the impact of sovereign debt issues in Europe 
also raised concerns about consumer demand. Global production 
and consumption had recovered from the decline during the 
crisis because of the strength of demand in emerging markets, 
offsetting weakness in developed markets. Decreased demand 
for aluminum in developed economies still recovering from the 
economic events of 2008 was expected to continue for several 
years. Demand for aluminum in emerging economies was 
expected to increase as these economies continue to improve 
and recover from the effects of the global recession. However, 
policies aimed at slowing growth in China may slow the rate of 
growth of demand for aluminum in that nation. 

Easing of credit to aluminum companies was expected to 
enable more expansion projects to resume progress in many 
parts of the world, following the lead of projects in regions 
with low power costs already moving forward. Relatively 
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high electricity prices in parts of the United States diminished 
the likelihood of some domestic smelters reopening in the 
near-term. New smelters constructed where power costs are 
relatively low were expected to continue to replace production 
at high-cost smelters in the United States and other locations. 
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TABLE 1 
SALIENT ALUMINUM STATISTICS! 


(Thousand metric tons unless otherwise specified) 


2006 2007 2008 2009 2010 
United States: ој 
Primary production: 
Quantity 2,284 2,554 2,658 1,727 1,726 
Value millions $6,110 $6,880 $7,060 $3,030 $3,980 
Price, average, U.S. market, spot cents per pound 121.4 1222 120.5 79.4 1044 
Inventories (December 31): 
Aluminum industry? 1,410 1,400 1,220 937 1,010 
London Metal Exchange, U.S. warehouses? 228 463 1,290 2,200 2,230 


4 
Secondary recovery: 


New scrap 


ве а и 


2,800" 2,450 ' 2,130" 1,570 € 1,550 

Old scrap 1,580 ' 1,660" 1,500" 1,260" 1,250 
Total 4,380 ' 4,120 ' 3,630 ' 2,820 ' 2,800 
Exports, crude and semicrude 2,820 2,840 3,280 2,710 3,040 
Imports for consumption, crude and semicrude 4,660 4,020 3,710 3,680 3,610 
Supply, apparent? 8,500 ' 7,620 ' 6,070 ' 4,890 ' 5,000 
Consumption, apparent 5,700 "€ 5,170! 3,940" 3,320 ' 3,460 


World, production 33,900 38,000 ' 39,600 36,900" 40,800 * 
"Estimated. ‘Revised. 
' Data are rounded to no more than three significant digits except 


?Data from the Aluminum Association Inc.; includes in 
Canadian producers. 


*Includes aluminum alloyed material. 
*Metallic recovery from purchased, tolled, or imported new and old scrap expanded for full industry coverage. 


5 . . . 
Defined as domestic primary metal production plus secondary recovery plus imports (excluding scrap) minus exports plus adjustments 
for London Metal Exchange (U.S. warehouses) and industry stock changes. 


$ Apparent supply less recovery from purchased new scrap 


"Primary production: Quantity" and "Price, average, U.S. market, spot.” 
got, semifabricated material, and scrap inventory levels for United States and 
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TABLE 2 
PRIMARY ANNUAL ALUMINUM PRODUCTION CAPACITY IN THE UNITED STATES, BY COMPANY! 


= M ——————————————————————————————————————— 


Yearend capacity 
(thousand metric tons) 


Company and location 2009 2010 Ownership in 2010 
Alcoa Inc.: 
Alcoa, TN? 215 215 Alcoa Inc., 100%. 
вади, NC! 60 ' - Do. 
Evansville, IN (Warrick) 309 309 Do. 
- Femdale, WA (Intalco) 279 ' 279 ро. 
Frederick, MD (Eastalco)" 195 - Do. 
Massena, NY (St. Lawrence)” 125 125 Do. 
Massena, NY 130 130 Do. 
Mount Holly, SC 229 г 229 Alcoa Inc., 50.3%; Century Aluminum Co., 49.7%. 
Rockdale, TX? 267 267 Alcoa Inc., 100%. 
Wenatchee, WA 184 184 Do. 
Total 1,990 ' 1,740 
Century Aluminum Co.: еа 7 
Hawesville, KY O OOOO 244 244 Century Aluminum Co., 100%. 
Ravenswood, WV? 170 170 Do. 
Total | =. 414 414 Do. 
Columbia Falls Aluminum Co., Columbia Falls, MT? 168 168  Glencore International AG, 100%. 
Goldendale Aluminum Co., Goldendale, WA? 160 160 Private interest, 60%; employees, 40%. 
Noranda Aluminum Holding Corp., New Madrid, MO 250 263  Noranda Aluminum Holding Corp., 100%. 
Ormet Primary Aluminum Corp., Hannibal, OH 265 265 Ormet Corp., 100%. 
Rio Tinto Alcan Inc., Sebree, KY — — 196 196 Rio Tinto Alcan Inc., 100%. 
_ Grand total 3,4507 3,200 


Revised. Do. Ditto. -- Zero. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
‘Temporarily idle. 


"Smelter facilities have been permanently idled. This capacity is no longer reflected in Alcoa's portfolio. 


TABLE 3 
U.S. CONSUMPTION OF AND RECOVERY FROM PURCHASED 


NEW AND OLD ALUMINUM SCRAP, BY CLASS? 


(Metric tons) 


| Calculated recovery 
— Class Т Consumption Aluminum Metallic 


| Secondary smelters 


Independent mill fabricators? 


1,450,000 1,020,000" 1,090,000" 
1,620,000" 1,390,000" 1,470,000" 


. Foundries 74,800 61,200 65,400 
Other consumers _ 6,870 6,330 6,350 
Total 3,160,000" 2,470,000 2,630,000 ' 


Estimated full industry coverage _ 


3,390,000" 2,650,000 2,820,000" 
2010: 


————— 


Secondary smelters 


Revised. 


‘Excludes recovery from other than aluminum-base scrap. 


Data are rounded to no more than thr 
totals shown. 


EC 1,610,000 1,150,000 1,230,000 
Independent mill fabricators? 1,450,000 1,240,000 1,320,000 

_ Foundries d 50,700 41,400 44,200 
Other consumers 6,290 6,290 6,290 
__ Total 3,120,000 2,430,000 2,590,000 

_ Estin Estimated full industry coverage | 3,370,000 2,620,000 2,800,000 


ee significant digits; may not add to 


3 
Includes plants previously categorized as “Integrated aluminum companies." 
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TABLE 4 


U.S. STOCKS, RECEIPTS, AND CONSUMPTION OF 


PURCHASED NEW AND OLD ALUMINUM SCRAP 


AND SWEATED PIG IN 2010! 2 


(Metric tons) 


Stocks, Net Stocks, 


Class of consumer and type of scrap January 1 receipts? Consumption December 31 
Secondary smelters: 
eee 
d e ы a ИН ыш шый 


New scrap: 
Extrusions 15,700 296,000 295,000 16,200 
Can stock clippings 2,960 " 72,800 71,200 4,520 
Other wrought sheet and clippings 1,800 " 196,000 195,000 2,510 
Casting 594° 61,100 60,400 1,350 
Borings and turnings 2,040 ' 84,300 84,100 2,260 
Dross and skimmings 7,0207 407,000 407,000 6,890 
Total 30,100" 1,120,000 1,110,000 33,800 
Old scrap: 
Castings 3,610" 137,000 137,000 4,040 
Extrusion 3,320 ' 95,800 96,100 2,970 
Aluminum cans* 8,740 116,000 118,000 7,060 
.... Other wrought products 6,740" 73,200 75,800 4,080 
Auto shredder scrap 938' 67,600 67,500 1,010 
Total 23,300: 490,000 494,000 19,200 
_Sweatedpig SSS 106 1,750 1,770 89 
Grand total secondary smelters 53,500 1,610,000 1,610,000 53,000 
Integrated aluminum companies, foundries, independent 
mill fabricators, other consumers: 
New scrap: 
asin | = 05 Е 14,600" 251,000 263,000 3,020 
Can stock clippings 608 187,000 186,000 1,530 
Ed wrought sheet and clippings 3,610" 182,000 182,000 3,950 
SUE 243 17,100 17,100 243 
. Boringsandtuming ^ —— — ———— | 
E UTT -—— _ мю 190 2 
Total r | | 
Ее ыш „з 19,900" 654,000 664,000 9,570 
| _____________- ue 130,000 127,000 5,570 
- Aluminumcans ~~~ 3,050 а. 3007 13 
Other wrought products 38! 139,000 139,000 381 
Auto shredder scrap ЕЕ 82 454 454 82 
“е a UUU O шы _ 46300 46,300 -- 
Grand total integrated aluminum companies, ес. ATE г] 527000 | 1.000 PE 
All scrap consumed: - — — | 
New scrap: 
_ Exmsin SSS 
___Сап stock clippings ^ ——————————— 2 2. : о 558,000 19,200 
Other wrought sheet and clippings 5. s ның 35000 оо 
Casting 410 378,000 377,000 6,460 
Borings and turnings PARE 2 4% b ҚЫ ‚ 
Drossandskimmings —— —————— ——— г ‚200 96,000 2,630 
i — 1470 41200 42000 7350 
Castings ROS 
Т 6,230 267,000 264,000 9,620 
ЕПТІ "нн EM is 04,000 104,000 2,990 
Other wrought products сЕ 71 20 о 640,000 20,700 
Auto shredder scrap ка ' 12,000 215,000 4,460 
See footnotes at end of table. о 020 68,990 68,000 1,090 
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TABLE 4—Continued 
U.S. STOCKS, RECEIPTS, AND CONSUMPTION OF PURCHASED NEW AND OLD ALUMINUM SCRAP 


AND SWEATED PIG IN 2010"? 


(Metric tons) 
Stocks, Net Stocks, 

Class of consumer and type of scrap January | receipts? Consumption December 31 

Old scrap—Continued: 
Other | -- 46,300 46,300 -- 
Total 29,500 1,350,000 1,340,000 38,900 
Sweated pig 106 1,750 1,770 89 
Grand total of all scrap consumed 79,600" 3,120,000 3,120,000 82,300 


Revised. -- Zero. 


"Includes imported scrap. According to reporting companies, 5.60% of total receipts of aluminum-base scrap, or 172,000 


metric tons, was received on toll arrangements. 


?Data are rounded to no more than three significant digits; may not add to totals shown. 


Includes inventory adjustment. 


"Used beverage cans toll treated for primary producers are included in secondary smelter tabulation. 


TABLE 5 


PRODUCTION AND SHIPMENTS OF SECONDARY ALUMINUM ALLOYS BY INDEPENDENT SMELTERS 
IN THE UNITED STATES' 


(Metric tons) 


Production shipments? Production | shipments? 


Diecast alloys: 
13% Si, 360, etc. (0.6% Cu, maximum) 
380 and variations 
Sand and permanent mold: 
95/5 АНУ, 356, etc. (0.6% Cu, maximum) 
No. 12 and variations 
No. 319 and variations 
F-132 alloy and variations 
Al-Mg alloys 
Al-Zn alloys 
ALSi alloys (0.6% to 2.0% Cu) 
Al-Cu alloys (1.5% Si, maximum) 
Al-Si-Cu-Ni alloys 
Other 
Wrought alloys, extrusion billets 
Miscellaneous: 
Steel deoxidation 
Pure (97.094 Al) 
Aluminum-base hardeners 


—minum-base hardeners — ——— 77 
Other’ 


ас 
Total 
Less con 


СТІ ты ERA CENE RN а 22- иде л НА 
<Snsumption of materials other than Scrap: 
Primary aluminum 
E Uer о — 


rimary silicon 
Other 


С metallic recovery from aluminum scrap and sweated 
ы оа of secondary aluminum ingot“ 
| id 
Data аге rounded to no more 
Includes inventory adjustment. 
Includes other diecast alloys. 


2009 


38,200 ' 
114,000 ' 


36,200! 
953! 
37,300 " 
7,420 ' 
7,240 ' 
1,660! 
3,230 ' 
21%” 
5,920" 
136 
372,000 


31,900" 
W 
W 
51,500 
708,000 ' 


98,800 ' 
14,100 ' 
9,300 ' 


586,000 * 


o allo у 
\апсе made for melt loss of primary aluminum and alloying ingredients. 


ALUMNUM—2010 


0 


Net 


38,200 ' 
114,000 ' 


35,500" 
953" 
36,000" 
7,390" 
7,200" 
1,680" 
3,090" 
513! 
5,920" 
136 
379,000" 


31,900" 
W 
W 
48,800 
710,000" 


XX 
XX 
XX 


XX 


2010 


37,500 
214,000 


39,100 
943 
80,600 
9,380 
7,240 
1,650 
3,190 
445 
6,620 
136 
491,000 


22,300 
W 

W 
38,400 
953,000 


153,000 
20,800 
12,700 


766,000 


disclosing company proprietary data; included with “Miscellaneous, other.” XX Not ap 
than three significant digits; may not add to totals shown. 


Net 


37,100 
215,000 


39,200 
943 
81,100 
8,880 
7,240 
1,650 
3,190 
445 
6,620 
136 
489,000 


22,100 


plicable. 
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TABLE 6 
DISTRIBUTION OF END-USE SHIPMENTS OF ALUMINUM PRODUCTS 


1 
IN THE UNITED STATES AND CANADA, BY INDUSTRY 


НЕ" Ли“ — 
— 20 2... 


Quantity Quantity 
(thousand Percentage (thousand Percentage 
Industry metric tons) of grand total metric tons) of grand total 
Containers and packaging 2,150 26.5 2,200 22.4 
Building and construction 964 11.9 1,000 10.2 
Transportation 1,910 23.7 2,800 28.6 
Electrical 593 7.3 700 7.1 
Consumer durables 458 5.7 600 6.1 
Machinery and equipment 475 5.9 700 7.1 
Other markets 254 3.1 300 3.I 
Total 6,810 84.1 8,300 84.7 
eee 


Exports* 1,280 15.9 1,500 15.3 
Grand total 8,090 100.0 9,800 100.0 

"Estimated. "Preliminary, 

"Раја аге rounded to no more than three significant digits; may not add to totals shown. 


Source: The Aluminum Association Inc. 


T 
U.S. NET SHIPMENTS OF ALUMINUM WROUGHT AND CAST PRODUCTS, 
BY PRODUCERS!? 


(Thousand metric tons) 


2008 2009 2010" 
Wrought products:? 

Sheet, plate, foil 
Boe a a а 


4,770 4,050 4,700 
Pipe, tube, extruded shapes 1,380 1,070 1,400 
Rod, bar, wire, cable 626 514 600 
Forgings (including impacts) 102 73 100 
Powder, flake, paste 61 45 60 
Total 6,940 5,750 6,860 
Castings: Vue ence 6860 
Sand 


255 160 250 


Permanent and Semipermanent mold 570 371 570 
Die 1,030 691 1,000 
Other 


44 6 40 
Total 1,900 1,230 1,860 
Grand total 8,830 6,980 8,720 


"Preliminary, | 
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TABLE 8 


ALUMINUM PRICES 
(Dollars per pound) 
‘Material 2009 2010 

Primary aluminum, ауегаре:' 

U.S. market 0.794 1.044 

LME cash price 0.755 0.986 

NASAAC cash price, average 0.653 ' 0.949 
Secondary alloy, yearend 2 

A319 (3% Cu) | 1.055 1.170 

A380 (3% Zu) 1.055 € 1.115 

A360 (0.6% Си) 1.065 1.210 

A413 (0.6% Си) 1.065 1.210 
Scrap, yearend:” 

Clean, dry turnings 0.60—0.61 0.70-0.72 

Mixed low-copper-content clips 0.67—0.68 0.78-0.81 

Old sheet and castings 0.62—0.63 0.72-0.76 

Used beverages cans 0.71-0.73 0.83-0.86 : 


"Revised. 
‘Source: Platts Metals Week. 
Source: American Metal Market. 


TABLE 9 
U.S. EXPORTS OF ALUMINUM, BY CLASS! 


i a rd 


2009 2010 
Quantity Value Quantity Value 

Class (metric tons) (thousands) (metric tons) (thousands) 

. Metals and alloys, стаде | 262,000 $514,000 284,000 $709,000 

Sep — —  — 1,660,000 2,120,000 1,910,000 3,190,000 

. Plates, sheets, bars, strip, etc. | 739,000 2,830,000 786,000 3,230,000 

_Castings and forgings 0 18,900 218,000 20,000 250,000 

. Semifabricated forms, n.e.c. | 31,100 226,000 36,200 269,000 

Total 2,710,000 5,910,000 3,040,000 _ 7,650,000 
nri M NS 

.Foilandleaf с 72,000 323,000 79,600 376,000 

—Powdersandflakes | — — — 4,470 24,100 5,520 31,400 

_Wireandcable 20 45,900 132,000 43,200 163,000 

— Teal —— 122,000 479,000 128,000 570,000 

“бейді 77 2430000 — 6,390,000 — 3,170,000 8,220,000. 


і 
Data are rounded to no more than three significant digits; тау not add to totals shown. 


Source: U.S. Census Bureau. 
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TABLE 10 
U.S. EXPORTS OF ALUMINUM, BY COUNTRY! 


Metals and alloys, crude Plates, sheets, bars, etc.’ Scrap Total 
те a ласты ТЫН 62 ace nexu OP a ыз за л, rr 
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Quantity Value Quantity Value Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 
2009: 
Brazil 59 $449 11,900 $66,500 5,360 $7,130 17,300 $74,100 
Canada 69,600 135,000 300,000 1,010,000 107,000 169,000 476,000 1,310,000 
China 21,600 31,900 38,400 215,000 1,010,000 1,260,000 1,070,000 1,510,000 
France 710 2,830 9,240 63,100 3 11 9,950 66,000 
Germany 4,860 12,800 9,820 72,000 326 743 15,000 85,500 
Hong Kong 1,620 3,880 9,090 36,600 76,800 111,000 87,500 151,000 
Italy 1,170 4,320 2,370 26,100 = c 3,540 30,400 
Japan 10,500 19,600 8,650 95,500 21,100 31,800 40,200 147,000 
Kazakhstan -- -- 27 276 = г 27 276 
Korea, Republic of 1,870 3,930 10,900 80,800 160,000 197,000 173,000 282,000 
Mexico 123,000 243,000 249,000 915,000 91,600 148,000 464,000 1,310,000 
Netherlands 97 599 711 9,890 315 407 1,120 10,900 
Philippines 3 19 282 3,350 2 = 284 3,370 
Russia 3 36 113 993 zs = 116 1,030 
Saudi Arabia 238 606 26,100 123,000 z 2 26,400 124,000 
Singapore 16,500 32,400 1.440 13,300 421 586 18,400 46,300 
South Africa 12 43 147 2,200 Hs x: 159 2,250 
Taiwan 2,460 4240 2,910 20,400 100,000 103,000 106,000 128,000 
Thailand 115 234 7,990 28,900 5,940 7.890 14,000 37,000 
Ukraine - - -- 6 59 22 13 27 7 
United Kingdom 769 3,440 10,000 93,000 572 1,720 11,400 98,100 
Venezuela 41 546 361 2,270 718 1,000 1,120 3,820 
Other 6,430 ! 14,800 90,100" 394.000" 80,300 82,300 177,000 491,000 ' 
51°! 262,000 514,000 789,000 3,270,000 1,660,000 2,120,000 2,710,000 5,910,000 
ста. 2. к 130 79,600 4,890 9,060 20,300 91,500 
Е ү ч 61,000 1,360,000 125,000 233,000 575,000 1,810,000 
= th 2 32,600 200,000 1,220,000 2,030,000 1,250,000 2,240,000 
emm н eR 11,200 80,300 932 1,840 13,600 87,300 
Hong Kong E » ' 9,680 70,600 498 1,600 13,300 81,000 
Tem x i 10,800 47,900 53,000 83,000 63,800 131,000 
= т e 2,490 28,600 19 66 2,540 28,900 
KS is ; 8,730 106,000 23,800 49,100 34,300 162,000 
ол г 6 279 КЕ S 6 279 
ce Republic of _ 5. a | | : | E 107,000 155,000 230,000 171,000 339,000 
Netherlands 190 je m 1,040,000 153,000 323,000 586,000 1,790,000 
Philippines 3 25 | 8,680 448 838 1,370 10,200 
Russia == | и | 5 - = 339 4,780 
. Saudi Arabia 9 49 16,800 60 * 9 7 i 60 " 
Singapore 726 2.790 2.820 ) 6.700 : 17 16,900 xe 
... South Africa 9 80 x а 26 629 3,970 30, ің 
Taiwan 2,080 5,400 5960 32400 0 Я г. рн 
Thailand 30 a ae 27 107,000 125,000 115,000 163,00 
Ukraine = = | : 5,070 8,380 um мш 
United Kingdom 639 2.3 = 2 (3) 
_ Venezuela 6 2. pons 598 1.260 11,000 92,600 
Other 5,270 19,600 78900 _ 393000 В o sp a 
Total 284,000 709,000 842000 136 __66,700 ^ 90,900 151,000 504,000 
"Revised. — Zero. 3,190,000 3,040,000 7,650,000 


'Data are rounded to no more than three significant di 
"Includes castings, forgings, and unclassified semifab 


? Less than '^ unit. 


Source: U.S. Census Bureau. 


gits; Thay not add to totals shown. 
ricated forms. 


U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK—2010 


TABLE 11 
U.S. IMPORTS FOR CONSUMPTION OF ALUMINUM, BY CLASS! 


________________________—_—“о о 


2009 2010 
Quantity Value Quantity Value 

Class (metric tons) (thousands) (metric tons) (thousands) 

Crude and semicrude: 
Metals and alloys, crude 2,900,000 — $4,960,000 2,650,000 $6,110,000 
Plates, sheets, strip, etc., п.е.с.” 499,000 1,550,000 666,000 2,270,000 
Pipes, tubes, etc. 33,400 190,000 27,500 210,000 
Rods and bars 254,000 783,000 274,000 899,000 
Scrap 433,000 503,000 504,000 763,000 
Total 4,110,000 7,980,000 4,120,000 — 10,300,000 

Manufactures: 

Foil and leaf! 102,000 389,000 126,000 497,000 
Powders and flakes 5,710 22,200 10,100 45,100 
Wire 156,000 321,000 145,000 387,000 
| Total 264,000 732,000 281,000 930,000 
Grand total 4,380,000 8,710,000 4,400,000 11,200,000 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes circles, disks, plates, and sheets. 
*Excludes etched capacitor foil. 


Source: U.S. Census Bureau. 
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TABLE 12 
U.S. IMPORTS FOR CONSUMPTION ОЕ ALUMINUM, BY COUNTRY! 


Metals and alloys, crude __ Plates, sheets, bars, etc.” С Ѕсгар Total 
Quantity Value Quantity Value Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 
2009: 
Argentina 164,000 $269,000 2 $32 -- - 164,000 $269,000 
Australia 7,500 13,600 44 581 = m 7,550 14,200 
Bahrain 1,690 4,400 9,860 28,100 -- -- 11,600 32,500 
Belgium 178 685 2,180 9.540 26 $56 2,380 10,300 
Brazil 106,000 183,000 15,000 33,500 - -- 121,000 216,000 
Сапада 2,020,000 3,490,000 261,000 712,000 293,000 328,000 2,570,000 4,590,000 
China 1,890 3,570 250,000 668,000 9 39 252,000 672,000 
France 1,520 8,970 1,710 17,800 35 335 3,260 27,100 
Germany 579 2,270 61,200 309,000 413 883 62,200 312,000 
Italy (3) 23 3,540 21,300 97 79 3,630 21,400 
Japan 492 1,210 8,900 42,900 414 1,340 9,800 45,400 
Korea, Republic of 2,330 4,000 1,580 7,430 105 157 4,010 11,600 
Mexico 18,400 68,800 13,400 _ 63,000 95,700 120,000 128,000 252,000 
Netherlands 210 859 1,560 9,780 2,150 2,800 3,920 13,400 
Norway 442 926 14 412 -- -- 457 1,340 
Panama 197 298 -- -- 1,640 1,830 1,840 2,120 
Russia 353,000 548,000 16,700 67,300 1,740 2,970 371,000 618,000 
South Africa 52,900 76,000 37,800 97,700 27 28 90,700 174,000 
ji 6,690 8,260 -- -- -- - 6,690 8,260 
Танаш i 48,300 93,900 
United Arab Emirates 48,300 93,800 -- -- 16 18 ; ape 
United Kingdom 355 1,290 4,760 24,000 8,840 9,280 14,000 27 
Venezuela 84,400 131,000 6,250 10,700 8,390 12,700 99,100 ги | 
оће 23,800 ' 43,200 ' 90,100" 336,000" 20,300 22200 134000". UN 
— Toa] . 2,900,000 4,960,000 786,000 2,520,000 433,000 503,000 4,110,000 _ 7,980, 
ENERO ES .. 2,900,000 4,960,000 786000 2.520,099 А 
2010: 288,000 
а ——ÁMM— Б k 
Argentina 138,000 288,000 3 38 -- 2. ipn 
Australia 28,400 68,600 119 1,040 103 141 28, d 
Roo em eoi eee 6 3 16,600 41, 
Bahrain 2 2 16,600 47,400 1 
i 102 379 2,000 9,820 | 5 2,110 10, 
Brazil 57,300 131,000 14,200 38,700 don 
a 343,000 519,000 2,580,000 61% 
Canada 1,920,000 4,490,000 316,000 1,010,000 у , 2272 786.000 
E IU hive kta 1,220 3,680 272,000 782,000 77 248 15 36000 
E c RE E 1,610 9,740 2,940 25,900 53 392 33600 
_France - 231 862 69,800 
970 3,710 68,600 331,000 25.100 
_ Gema /- 1. em 3.980 
Italy 199 427 3,560 24,500 227 2 43.300 
НЕ 901 2,000 7,110 44,800 693 1,520 je 18,700 
K Republic of 2,490 6,840 2,240 11,500 143 385 , е 351,000 
_ Korea, kee 000 156,000 153,00 
Mexico 24,100 84,000 22,000 110,000 107, 2 > 870 15,300 
Norway 2,100 4,750 80 457 27) 4,950 
Е е M анна анд 2,320 3,890 00 
Panama 502 1,010 14 50 , ‚218.000 518,0 
ur 22.2... 203,000 449,000 14,700 68,800 -- = 25200 187,000 
• A == , 0 
South Africa 14,300 29,500 49,000 158,000 : bs 81.800 195.00 
United Arab Emirates 81,700 195,000 5 20 53:200 15.600 47, 5 
United Kingdom 437 1,940 7,250 32,400 7,890 4 127.000 260,0 : 
Venezuela 123,000 251,000 2,480 5,230 1.940 p 243,000 _ LIAE. 
Other 41,700 88,700 161,000 566,000 ___49,100__ о 420000. | 0,300,000. 
— Toa 2,650,000 6,110,000 967,000 3,880,000 1 504000 76309 . r7 
"Revised. -- Zero. Е 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
?Includes circles, disks, pipes, rods, tubes, etc. 
?Less than V^ unit. 
Source: U.S. Census Bureau. 
—2010 
OOK: 
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TABLE 13 = 
ALUMINUM, PRIMARY: WORLD PRODUCTION, BY COUNTRY” 


(Thousand metric tons) 


Country 2006 2007 2008 2009 2 


; 5 
271 394 410 4l 
Argentina | = 1.957 1,974 1,943 1,928 ° 
Australia 5 : 40 30 30 
+ 32 39 
Azerbaijan jo 865 872 848 870 
Bosnia and Herzegovina" 121 1661 1536 1,536 3 
Brazil BUS n ' | 73 76? 
88 ' 87 7: 
Сатегооп 4.051 3.083 3,120 3,030 2,963 ? 
Canada ; | 900 16,200 
| 12,600 13,200 12, 
China! 2300 ү 266 265 266 
Egypt xc ji 389 345 3567 
France ae 5 606 292 394 
Germany 516 551 n 
| _ E = 
Ghana Е 130 
Greece 163 166 160 130 > 
Hungary 34 И | 780 
z 785 
Iceland 320 398 М 0 1.450 
India’ 1,105 1,222 1,308 1,40 
India $^ ; 250 252 
‚6 250 242 243 
Indonesia 250 250 
Lan’ 205 216 zii пас 168 
Кају 194 183 189 7 6 
Japan’ 7 ub : 127 221? 
r 
Kazakhstan a 12 | ыы 64 80 
Montenegro 122 124 6 545 557? 
Mozambique 564 504 = 300 300 
Netherlands 312 301 in 271 344 3 
New Zealand 337 353 en 13 21^ 
Nigeria s5 2 о 1,130 800 
Norway 1,331 1,357 1,358 ome 367 ? 
Oman “= T 49 : » 
Poland’ 58 54" E 10 190 
Qatar -- = [e E 3 
207 
Romania! 256 283 noi Т. 3,947 ? 
Russia 3,718 3,955 TP po 163 
Slovakia’ 158 160 163 r 40 > 
Slovenia’ 118 111 83 pas 207 
South Africa 895" 899 ' 1 г 340 
Spain 349 408 408 360 93 ? 
Sweden 101 98 112 19 Е 
Switzerland 12 -- ба n 3 
349 
Tajikistan 414 419 339 Y ne 60 
Turkey" 60 65 65 ққ 25 
rcr MN iio e i. ie 1,400 
United Arab Emirates 861 890 e É 186 ' 
United Kingdom 360 365 326 253 3 
Uxor >е 1,727 1,726 
United States 2,284 2,554 2,658 | 335 
mI RR , r 
Venezuela 610 610 410 
610 | 36,900 ' 40,800 
Total 33,900 38,000 39,600 2 
S 


ее footnotes at end of table. 


5.19 


5.20 


TABLE 13 
ALUMINUM, PRIMARY: WORLD PRODUCTION, BY COUNTRY"? 


"Estimated. PPreliminary. 'Revised. — Zero. 
"World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


?Primary aluminum is defined as "The weight of liquid aluminum as tapped from pots, excluding the weight of any alloying materials as well 
as that of any metal produced from either returned scrap of remelted material." International reporting practices vary from country to 
country, some nations conforming to the foregoing definition and others using different definitions. For those countries for which a different 
definition is given specifically in the source publication, that definition is provided in this table by footnote. Table includes data available 


through May 24, 2011. 

?Reported figure. 

*Primary ingot plus secondary ingot. 
*Ingot and rolling billet production. 


SPrimary ingot. 
"Excludes high purity aluminum containing 99.995% or more as follows, in metric tons: 2006—49,667; 2007—50,777; 2008—52,000 


(revised); 2009— 33,000 (revised); and 2010—45,000 (estimated). 


*Primary unalloyed ingot plus secondary unalloyed ingot. 
?Primary unalloyed metal plus primary alloyed metal, thus including weight of alloying material. 
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Domestic survey data and tables were prepared by Hoa P. Phamdang, statistical assistant, and the world production table 


was prepared by Lisa D. Miller, international data coordinator. 


Asingle company in the United States, in Montana, produced 
primary antimony metal and antimony oxide by upgrading 
imported antimony trioxide to a higher purity. Secondary 
antimony was recovered in lead alloy from scrapped lead-acid 
batteries at secondary lead smelters. The amount of antimony 
used by battery manufacturers was substantially lower than it 
was 10 years ago because of changing material requirements for 
batteries, 

In 2010, about 36% of the primary antimony used in the 
United States was in flame retardants; most of the rest was used 
by the ceramic, chemical, glass, and transportation industries 
(table 3). Secondary antimony, which was derived almost 
entirely from recycled lead-acid batteries and contained in 
antimonial lead, was used in the manufacture of new batteries. 

Antimony was mined as a principal product or was a 
byproduct of the smelting of base-metal ores in 10 countries. 
Neatly all the world’s primary antimony was mined in China 
(90%). Bolivia (3%), followed by Russia and South Africa (2% 
cach), rounded out the world’s top producers (table 9). 


Production 


Mine-—Stockpile Reserves LLC (Lovelock, NV) had no 
production in 2010 from its reactivated Fencemaker Mine, 
60 kilometers southeast of Lovelock. The mine produced a 
small amount of antimony-in-concentrate in 2007, which was 
ік first domestic antimony mine production since 2000. The 
ja in | long history of intermittent antimony production 
Midi a the 1880s. Stockpile Reserves continued to seek 
ris nding and cooperated with the Nevada regulatory 
"ih s regarding required licenses and permits (Richard E. 
n, chief executive officer, Stockpile Reserves LLC, written 
conmun., November 23, 2010). 
a United States has only one antimony smelter, 
ete Corp. (USAC) (Thompson Falls, MT). USAC 
Шш d metal for bearings, lead alloys, and 
Е Si mony oxide as a raw material for flame retardants; 
m antimonite for glass and other applications. 


USAC also rec 
| ycled antimony-containin d 
otherwise be taken to ШШШ - products that would 


Consumption 


Of ; 
tin, оточ to which a U.S. Geological Survey 

onsumption d поп Survey was sent, 66 firms responded. 

In 2010. consun Were estimated for the remaining 68 firms. 
antimony increas Fine (reported and estimated) of primary 
пец produca 2290 Пот that in 2009 (table 2). Both the 
egistered sionif 2 anig the flame retardants usage categories 
category show cant increases, while the metal products 

7 “rowed a modest increase, Industry sources attributed 
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the increases to higher demand in selected commercial sectors 
(table 3). 

Lead-antimony alloys were used in ammunition, antifriction 
bearings, cable sheaths, corrosion-resistant pumps and pipes, 
roof sheet solder, and tank lining. Antimony trioxide was used 
to enhance the flame-retardant properties of plastics, rubber and 
textiles, and other combustibles. Antimony was also used as 
a decolorizing and refining agent in the manufacture of some 
forms of glass, such as optical glass. 


Prices 


In 2010, the average Platts Metals Week New York dealer 
price of antimony was $4.01 per pound, an increase of 70% 
compared with that in 2009 (table 1). The antimony price started 
the year at $2.85 per pound to $2.95 per pound and generally 
rose steadily through the year to finish December at $5.50 to 
$5.70 per pound. Industry sources attributed the marked price 
advance to an increase in world consumption as well as the 
closure of several antimony mines in China. 


Foreign Trade 


U.S. imports of antimony in 2010 were, as has been the case 
in the recent past, much larger than exports—about 10-fold 
larger (tables 5-8). Imports of antimony were 26,200 metric 
tons (t), an increase of 30% compared with that in 2009. China 
was the leading supplier to the United States of antimony oxide, 
followed by Belgium, Mexico, and Bolivia, in descending order 
(tables 7—8). 


World Review 


Chile.—Mandalay Resources Corp. (Toronto, Ontario, 
Canada) announced that it had started stockpiling silver-gold- 
antimony-bearing ore from the Dagny vein at its Cerro Bayo 
Mine in Patagonia. The Dagny vein was being developed 
separately from the Fabiola vein, which had started producing 
ore earlier. The company also commenced drilling at the Yasna 
vein, with the goal of adding significantly to the 69,000 metric 
tons per year (t/yr) of ore resources from the Dagny and the 
Fabiola veins. A fourth vein, Delia NW, was being permitted, 
with initial development scheduled for mid-2011. Mandalay's 
goals were to produce 1,870 kilograms per year of gold and 
1,500 t/yr of antimony from Cerro Bayo. The Cerro Bayo 
mining and concentrator complex, acquired while in a care-and- 
maintenance status from Coeur d’Alene Mines Corp. in August 
2010, was in the process of a restart by Mandalay, with plans 
to ramp up to its design production rate of 700 metric tons per 
day of ore by yearend 2011. The concentrator was scheduled 
to commence operation in the first quarter of 2011 (Mandalay 
Resources Corp., 2010; Metal-Pages, 2010). 
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China.—The Government set the 2010 antimony production 
quota at 100,000 t compared with 90,180 t in 2009, including 
62,520 t for primary production and 30,480 t for recycling. 

The primary production quotas were allocated to producers in 
the provinces, but the recycling quotas were not yet allocated. 
Also, the Government stated that it would not approve any new 
projects for antimony, rare earths, or tungsten mining before 
June 30, 2011 (Ryan’s Notes, 20102). 

Chinese authorities were concerned that too much antimony 
was leaving the country in the form of refined metal rather than 
being processed into downstream products such as antimony 
trioxide. Reports indicated that the authorities were restricting 
antimony metal exports but that large quantities of antimony 
also were imported into China. Other events resulted in 
additional restrictions on Chinese antimony metal exports. Local 
regulators imposed stricter inspections on metal-producing 
plants following a serious lead poisoning accident in Chenzhou, 
Hunan Province. Almost all antimony smelters in China's 
leading antimony-producing area, Lengshuijiang (where 
Hsikwangshan Twinkling Star Co. Ltd., China's leading 
antimony producer, was located), were expected to be closed for 
safety inspections. In addition, antimony production in Yunnan 
Province was disrupted by a serious drought that affected the 
power and water supply (Ryan's Notes, 2010b). 

Mexico.—USAC completed the construction of a flotation 
mill at San Antonio de la Cal in the Municipio of Toliman. 
Although the permits to construct and operate the facility were 
obtained, the Governor of the State of Queretaro declared that he 
would not allow the plant to operate because of the designation 
of a nearby area as a UNESCO World Heritage site. The plant 
has a production capacity of 150 metric tons per day. USAC was 
moving the mill to the neighboring State of Guanajuato. The 
plant was to process the rock for the Los Juarez, Soyatal, and 
other properties (U.S. Antimony Corp., 2011). 


Outlook 


The use of antimony as an ingredient in flame retardants is 
expected to remain its principal use, in global as well as for U.S. 
markets. 

Antimony recovered from scrap has long been an important 
part of the total antimony supply domestically, but the recovery 
decline during the past 30 or more years is expected to continue, 
though at a more moderate rate. Following the advent in the 
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1970s of low-maintenance and maintenance-free automotive 
batteries, the antimony content of a typical automotive lead-acid 
battery has declined to about 0.6% or lower during 2001 through 


2010. 


In recent years, lead-acid battery manufacturers have initiated | 


research and development programs that could ultimately lead 
to significant changes in lead-acid battery design. This research 
has already yielded performance improvements that would make 
lead-acid batteries viable options for future generation vehicles. 
The introduction of new lead-acid battery technologies for 

use in the hybrid vehicle market will likely require a different 
amount of lead per battery than conventional lead-acid batteries 
and could eventually reduce or eliminate the use of antimony in 


lead-acid batteries. 
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TABLE 1 
SALIENT ANTIMONY STATISTICS! 


2006 2007 2008 2009 2010 
United States: 
-Mine production -- W -- -- -- 
_ Smelter production: 
Primary W W W W W 
Secondary 3,520 3,480 3,180 3,020 3,520 
Exports: 
Metal, alloys, waste and scrap gross weight 459 305 366 385 427 
Antimony oxide? 1,680 1,640 1,830 1,710 2,120 
Imports for consumption 23,200 21,900 29,000 20,200 26,200 
Reported industrial consumption, primary antimony 10,500 ' 9,690 ' 8,140 6,770 8,910 
Stocks, primary antimony, all classes, December 31 2,120 1,900 1,490 1,420 1,560 
Price, average? cents per pound 238.0 257.3 279.5 235.6 401.2 
World, mine production 173,000 180,000 182,000 154,000 " 167,000 * 


"Estimated. ‘Revised. W Withheld to avoid disclosing company proprietary data. -- Zero. 


| 5.24 - 
Data are rounded to no more than three significant digits, except prices. 


antimony content is calculated by the U.S. Geological Survey. 
*New York dealer price for 99.5% to 99.6% metal, cost, insurance, freight U.S. ports. 
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TABLE 2 
REPORTED INDUSTRIAL CONSUMPTION OF 


PRIMARY ANTIMONY IN THE UNITED STATES! 


(Metric tons of antimony content) 


Class of material consumed 2009 2010 
Metal 1,160 1,390 
Oxide 4,990" 6,890 
Other 616 636 

Total 6,770 8,910 
"Revised. 


'Data are rounded to no more than three significant 
digits: may not add to totals shown. 


"Includes residues and sulfide. 


(Metric tons of antimony content unless otherwise specified) 
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TABLE 3 


REPORTED INDUSTRIAL CONSUMPTION OF PRIMARY ANTIMONY IN THE 


UNITED STATES, BY PRODUCT! 


(Metric tons of antimony content) 


Product 2009 2010 
Metal products: BEER 
Antimonial lead B W W 
Bearing metal and bearings 14 26 
Solder 44 34 
Other? 1,950 2,130 
Total 2,000 2.190 
Nonmetal products: 
Ammunition primers W W 
7 Ceramics and glass | W W 
Pigments 403 399 
Plastics W W 
Other 2,030 3,140 
Total 7 2430 _ 3,540 
Flame retardants: 
Adhesives 217 213 
Plastics 1,820 ' 2,610 
Rubber 42 36 
Textiles 206 318 
Other" EP 40 EL. 
Total 2.330 ' 3,180 
| 6,770 8,910 


~ Grand total 


‘Revised. W Withheld to avoid disclosing company proprietary data; included in “Other.” 
'Data are rounded to no more than three significant digits; may not add to totals shown. 


?Includes ammunition, cable covering, castings, sheet and pipe, and type metal. 


*Includes fireworks and rubber products. 


“Includes paper and pigments. 


Note: Secondary antimonial lead production was 3,020 metric tons (t) in 2009 and 3,520 t 


in 2010. 
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TABLE 4 
INDUSTRY STOCKS OF PRIMARY ANTIMONY IN 


THE UNITED STATES, DECEMBER 31' 


(Metric tons of antimony content) 


Type of material 2009 ____2010 
Metal 1557 129 
Oxide — 900 ' 1,060 
Other? 363 EL 2 

Total | 1,420 i 1,560 
"Revised. | | 


'Data are rounded to no more than three significant digits; 
may not add to totals shown. 
“Includes ore and concentrate, residues, and sulfide. 
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. TABLE 5 
U.S. EXPORTS OF ANTIMONY METAL, ALLOYS, AND WASTE AND SCRAP, 


BY COUNTRY’ 
2009 2010 
Gross weight Value Gross weight Value 
Country (metric tons) (thousands) (metric tons) (thousands) 

Belgium -- -- 38 $434 
Canada 85 $433 103 391 
China 5 29 3 42 
Colombia 3 20 - -- 
France 39 503 13 366 
Germany 8 25 7 27 
India 17 66 81 249 
Korea, Republic of -- -- 16 49 
Mexico 113 362 82 372 
Netherlands 13 40 2 6 
Sweden 34 104 -- -- 
Switzerland 3 59 -- - 
Taiwan 12 37 22 71 
Trinidad and Tobago -- - 8 47 
United Kingdom 34 215 34 117 
Venezuela 15 101 (2) 4 
Other 3 9 18 59 

Total 385 2,000 427 2,230 


-- Zero. 


‘Data are rounded to no more than three si gnificant digits; may not add to totals shown. 
"Less than % unit. 


Source: U.S. Census Bureau. 
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Country 
Australia 
Belgium 
Brazil 
Canada 
Chile 
China 
Colombia 
Costa Rica 
France 
Germany 
Hong Kong 
India 
Indonesia 
Italy 
Japan 


Korea, Republic of 


Mexico 
Netherlands 
Singapore 
South Africa 
Spain 
Taiwan 
Thailand 


United Kingdom 


Venezuela 
Other 
Total 
‘Revised. -- Zero. 


TABLE 6 
U.S. EXPORTS OF ANTIMONY OXIDE, BY COUNTRY! 


2009 
Antimony 

Gross weight content? Value Gross weight 
(metric tons) (metric tons) (thousands) (metric tons) 
28 23 $105 20 
17 14 135 16 
2 2 21 20 
218 181 1,210 238 
2 2 11 56 
44 37 175 132 
20 17 96 81 
2 2 13 20 
14 12 61 25 
49 41 276 166 
58 48 150 80 
63 52 205 - 
54 45 265 27 
14 12 47 (3) 
128 106 596 104 
54 45 203 229 
993 824 4,950 474 
61 51 282 80 
2 2 23 76 
52 43 172 9 
4 3 6 x 
34 28 109 95 
16 13 61 40 
119 99 435 538 
3 2 12 14 
5' 4° 36' 10 
2,060 1710 __ 9,660 _ 2,550 


! Data are rounded to no more than three significant digits; may not add to totals shown. 
? Antimony content is calculated by the U.S. Geological Survey. 


Less than % unit. 


Source: U.S. Census Bureau. 
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2010 
Antimony 
content? Value 
(metric tons) (thousands) 
17 $55 
13 114 
17 118 
198 1,780 
46 159 
110 389 
67 633 
17 117 
21 83 
138 810 
66 208 
22 164 
(3) 7 
86 380 
190 774 
393 3,130 
66 463 
63 235 
7 40 
79 479 
33 108 
447 1,620 
12 122 
9 42 
2,120 12000 
15 YEARP 
AL SURVEY MINERA 


TABLE 7 
U.S. IMPORTS FOR CONSUMPTION ОЕ ANTIMONY, BY CLASS AND COUNTRY! 


2009 2010 
Antimony Antimony 
Gross weight content? Value Gross weight content? Value 
Country (metric tons) (metric tons) (thousands) (metric tons} (metric tons) (thousands) 
Antimony ore and concentrate: 
Bolivia 121 83 $521 70 49 $332 
Canada (3) (3) 4 -- -- -- 
China 62 40 109 20 20 52 
Italy 85 43 375 218 112 1,450 
Total 268 167 1,010 308 181 1,840 
Antimony oxide: 

Belgium 1,860 1,540 9,520 2,240 1,860 16,500 
Bolivia 1,940 1,610 8,180 719 597 5,060 
Brazil = E ed 2 1 13 
China 11,200 9,310 43,100 19,100 15,800 107,000 
France 456 378 2,850 156 130 1,070 
Germany (3) (3) 7 4 3 18 
HongKong -- -- -- 20 17 113 
Japan _ 182 151 1,040 364 302 2,000 
Mexico — ^ 2,430 2,020 14,700 1,940 1,610 10,600 
Netherlands Пс 154 128 1,080 134 111 925 
Taiwan 115 95 557 236 196 1,150 
en (3) 1" 20' (3) (3) 29 
Total 18,300 15,200 81,000 24,900 20,600 144,000 
пре ei Н aaa a А А bach 


Revised. -- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


"Antimony ore and concentrate content reported by the U.S. Census Bureau. Antimony oxide content is calculated by the U.S. 
pul Survey. 


Less than % unit. 


Source: U.S. Census Bureau. 


TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF ANTIMONY METAL, BY COUNTRY! 


2009 2010 
Quantity Value Quantity Value 

Country (metric tons) (thousands) (metric tons) (thousands) 
Australia 95 $398 194 $891 
Bolivia 58 236 18 90 
China 3,040 14,900 4,530 35,600 
HongKong — 0 - > 19 202 
India 10 82 43 413 
ада 20 (2) 153 56 163 
Mexico (2-2 1,170 1,740 363 495 
Peru 212 995 - -- 
Мета — — — 119 590 79 633 
Other (2) 126° 4 158 


Revised, -- Zero, 


Data are rounded to no more than three significant digits; may not add to totals shown. 
"Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 9 
ANTIMONY: WORLD MINE PRODUCTION, BY COUNTRY"? 


(Metric tons, antimony content unless otherwise specified) 


Country? 2006 2007 2008 2009 2010° 
Australia® * 1,600 1,010 1,500 1,000 . 1,000 
Bolivia 5,460 3,881 3,905 2,990 ' 4,980 
Canada? 269 "6 193 "6 132 "6 66 "6 1,000 
China 153,000 163,000 166,000 140,000 150,000 
Guatemala i 1,000 * a ET ха 
Kyrgyzstan* 50 10 10 10 10 
Peru, refined" 691 590 531 530 530? 
Russia, recoverable* 3,500 3,500 3,500 3,500 3,000 
South Africa? 4,362 3,354 3,370 2,800 3,000 
Tajikistan? ооо — 2,000 2,000 2,000 2,000 2,000 
Thailand, content of ore and concentrate 1,409 = E = = 
мку 1,100 1,200 1,300 1,200 ' 1,500 


——— ©. 6990 — — 1200 100 
Total 173,000 180,000 182,000 154,000 ' 167,000 
"Estimated. "Preliminary. "Revised. -- Zero. 


'World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
*Table includes data available through May 18, 2011. 


In addition to the countries listed, antimony may have been produced in Iran, but information is inadequate to estimate output. 
“Antimony content of antimony ore and concent 
*Antimony content of concentrate. 

*Reported figure. 


rate, lead concentrates, and lead-zinc concentrates. 
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ARSENIC 
By William E. Brooks 


Domestic tables were prepared by Samir Hakim, statistical assistant, and the world production table was prepared by Lisa 


D. Miller, international data coordinator. 


In 2010, the United States produced no arsenic and relied 
mainly on Morocco and China, the leading and second ranked 
import sources, respectively, for arsenic trioxide and on China 


_ ад Japan, the leading and second ranked import sources, 


respectively, for arsenic metal. There has been no domestic 
production of arsenic trioxide nor arsenic metal since 1985 
following the closure of the ASARCO Inc. copper smelter 

in Tacoma, WA. Arsenic trioxide was used mostly for the 
production of chromated copper arsenate (CCA), a pesticide 
and preservative used to pressure treat some wood products, 
and for production of agricultural chemicals; however, its use 
is a preservative for outdoor domestic wood products, such as 
decks, was voluntarily discontinued at yearend 2003. Arsenic 
metal was used for electronics applications and in nonferrous 
alloys. In 2010, the United States remained the world’s leading 
consumer of arsenic trioxide and arsenic metal. 


Legislation and Government Programs 


The Safe Drinking Water Act of 1975 mandated that the U.S. 
Environmental Protection Agency (EPA) identify and regulate 
drinking water contaminants, such as arsenic, that may have 
adverse effects on human health. The maximum contaminant 
level for arsenic was established at 0.05 milligram per liter 
(ng/L), and in 2001, was revised to 0.01 mg/L. 

By yearend 2010, arsenic removal technology, using a 
of methods that included adsorptive media, coagulation/ 
| ton, iron removal, or oxidation/filtration had been tested at 
001005 that included Alvin, TX; Felton, DE; Goshen, IN; Lake 
= Lead, SD; Nambe Pueblo, NM; Okanogan WA; 

i abin, MN. Reports that discuss the results of these site 
les Were available at the EPA's arsenic Website (http://www. 
*Pagovinmnrlwswrd/dw/arsenic) 

For example, at the Lead, SD, site, an adsorptive media 
m Was evaluated in order to meet the maximum 
s га level of 10 micrograms per liter (ug/L). This 
ка ші evaluated the reliability of the arsenic removal 
is М operation and maintenance, operator skills, and cost. 

is Concentrations in source water ranged from 16.9 to 
x 4: 2. 21.6 ug/L. Тһе study was for 25 months 
Euro Into two study periods. After the first study 
iei oncentrations in the effluent were reduced to 5.8 
mu M revisions were made resulting in arsenic 
Mic in the effluent being reduced to 0.5 ug/L by the 
cond study period (Wang and others, 2010). 


E a 
Wironmental and Human Health Issues 


| Arsenic ls à naturally occurrin 
Ng water as а result of 
exposed by natural pr 


8 element that may be present 
weathering of arsenic-containing 
ocesses or released by mining 


Minerals 
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and smelting; as runoff from arsenic-containing pesticides used 
in orchards; in wastewater runoff from glass and electronics 
production; as arsenic released from coal-fired powerplants 

or from underground coal fires; or from volcanic eruptions. In 
humans, some of the noncancerous effects of arsenic exposure 
include blindness, diarrhea, discoloration and thickening of the 
skin, nausea, stomach pain, and vomiting. Prolonged arsenic 
exposure has been linked to cancer of the bladder, kidney, liver, 
lungs, and prostate (Agency for Toxic Substances and Disease 
Registry, 2007). 

Owing to runoff from the Sierra Nevada Mountains, CA, 
which have high concentrations of natural arsenic, the arsenic 
concentrations in Mono Lake, CA, are 700 times greater 
than the EPA considers safe. Research by university, U.S. 
Geological Survey, and U.S. National Aeronautical and Space 
Administration scientists indicated that bacteria sampled 
from those arsenic-laden sediments used arsenic, instead 
of phosphorus, as a building block for life and for cellular 
functions. Phosphorus is nearly perfect for building the 
framework needed for the DNA molecule and is also useful 
for energy transfer within cells; however, it remained to be 
established how the bacteria use arsenic as a replacement for 
phosphorus. Regardless, this research may help redefine what 
to look for in terms of the chemical architecture necessary to 
understand extraterrestrial life (Kaufman, 2010; Wolf-Simon 
and others, 2010). 

British scientists reported that the oil spill in the Gulf of 
Mexico in 2010 increased the levels of arsenic in the world's 
oceans. Arsenic is normally filtered out of the ocean's waters 
and combines with sediments; however, oil spills stop the 
normal process by combining with the sediment, which then 
leads to an accumulation of arsenic in the water. This results in 
bioaccumulation of arsenic in the food chain and may eventually 
impact humans (New York Post, 2010). 

Near Anstead, WV, well water and streams were tested for 
metal content. Tests indicated that antimony, arsenic, barium, lead, 
and manganese, which may be related to coal-mining and coal 
occurrences in the area, were at unacceptable levels. However, 
since some of the water tested came from wells on private 
property, ЕРА regulations did not apply. Recommendations for 
residents that get their drinking water from wells included getting 
wells tested, the use of bottled water, or get connected to the 
public water supply (Lannom, 2010). 

Electronic waste (e-waste) may contain arsenic, beryllium, 
cadmium, copper, gold, lead, mercury, and silver that may be 
recycled. However, the small-scale recovery of the metals may 
pose an environmental hazard and risk to human health (Schmit, 
2008). Vermont solid waste districts took in 725 metric tons (t) 
of electronic waste in 2008, and the State passed legislation in 
2010 addressing disposal of most electronic devices, including 
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cellular telephones, computers, electronic devices, and 
televisions. The legislation makes disposal of e-waste illegal in 
landfills as of January 1, 2011 (Metal-Pages, 20104). 


Consumption 


Arsenic is one of the components of CCA, a widely used 
wood preservative used in pressure-treated wood. The major 
domestic consumers of arsenic, as CCA, include Arch Wood 
Protection, Inc., Norwalk, CT; Osmose Wood Preserving, Inc., 
Buffalo, NY; and Viance LLC, Charlotte, NC. In response to 
concerns about the effects of arsenic exposure on human health, 
domestic manufacturers of wood preservatives voluntarily 
reduced their use of CCA at yearend 2003. The phaseout applied 
to wood used for boardwalks, decks, fencing, gazebos, picnic 
tables, and play structures. However, wood treated with CCA 
prior to December 31, 2003, could still be used, and glue- 
laminated beams, marine timbers, plywood flooring and roofing, 
and utility poles could still be treated with CCA. 

The United States remained the world's leading consumer of 
arsenic, mainly for the production of CCA. Apparent domestic 
consumption for arsenic was about 4,820 metric tons (t) in 2010, 
а slight increase from 4,740 t in 2009. The estimated value of 
arsenic compounds and metal consumed domestically in 2010 
was approximately $4.9 million. 

In 2010, slightly more than 50% of the arsenic, as arsenic 
trioxide, was used in the wood preservative industry for 
nonresidential use. The remainder of the arsenic trioxide was 
used in agricultural chemicals (either directly or after conversion 
to arsenic acid) or in glass manufacturing applications. Arsenic 
acid also was used in glassmaking as a bubble dispersant or 
decoloring agent. No data were available on the percentages of 
arsenic used in these traditional use categories. 

Some arsenic may be found as an impurity in Copper, and 
alloys containing arsenic have been used to produce hardened 
copper tools since ancient times (Petersen, 1970, р. 61). Arsenic 
metal is used, along with antimony, to harden ammunition, in 
solders, and in other applications. Grids and posts in lead-acid 
storage batteries are strengthened by the addition of arsenic 
metal. Arsenic is one of several metals used as an antifriction 
additive in babbitt metals (alloys that are used for bearings). 

High-purity (99.999995) arsenic metal is used for gallium- 
arsenide (GaAs), indium-arsenide (InAs), and indium-gallium- 
arsenide semiconductors that are widely used in computer, 
biomedical, communications, electronics, and Photovoltaic 
applications. Arsenic may be used for germanium-arsenide- 
selenide or GaAs specialty optical materials. Arsenic sulfide 
1$ one of several substrate materials that are used for optica] 
thin films and interference coatings for applications in data 
recording media, optical communications Systems, and sensors, 
A cellular telephone typically contains GaAs in its circuitry, 
of which the arsenic content is less than 1 milligram; however, 
since 2007, there are more GaAs components in the newer 3G 
and 4G cell phones. Based on reported consumption of 40 t of 
gallium in 2010, U.S. consumption of arsenic metal in GaAs 
semiconductors was also approximately 40 t in 2010, which Was 
equal to a peak of about 40 t of arsenic metal used in 2000. 
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ро 


Prices 


China was the world's leading producer of arsenic trioxide 
and arsenic metal; however, there was little change in the overall 
arsenic market, and sales continued to be low through July 
2010. Suppliers complained that because of a lack of consumer 
buying, only a few small transactions took place in early 
2010. In July, the price in Beijing, China, for arsenic trioxide 
(minimum 99%) was $0.51 per kilogram, an increase from the 
$0.39- to $0.41-per-kilogram price at midyear 2009 
(Metal-Pages, 2010c). 

In July, the price for 99%-pure arsenic metal was $1,230 per 
metric ton, a slight decrease from the November 2009 price 
(Metal-Pages, 20102). However, by December 2010, the price had 
risen to approximately $1,500 per metric ton 
(Metal-Pages, 2010b). 


Foreign Trade 


In 2010, domestic imports of arsenic compounds were 4,530t 
contained arsenic, an overall decrease of approximately 
3% compared with the 4,660 t contained arsenic in arsenic 
compounds imported in 2009. Arsenic trioxide contains 76% | 
arsenic. In 2010, Morocco was the source of 62% of the arsenic 
trioxide imported into the United States, China was the source 
of 21%, and Belgium was the source of 16%. Imports of arsenic 
trioxide into the United States in 2010 from Morocco decreased 
by 19%; increased from China by 17%; and increased from 
Belgium by 89%. 

In 2010, the United States imported 769 t of arsenic metal, а 
75% increase compared with the 438 t of arsenic metal imported 
in 2009. China was the leading source of arsenic metal in 2010 
and provided 639 t of arsenic metal, or 8396; however, this was 
an increase of 7394 compared with the 370 t of arsenic metal 
that was imported from China in 2009. Arsenic metal was also 
imported from Japan (1 6%) and other countries. 

Exports of arsenic metal from the United States in 2010 
increased to 481 t from 354 t in 2009. Export destinations 
included Honduras (41%), Morocco (18%), Chile (1196), and 
Canada (10%). In the Harmonized Tariff Schedule, exported 
materials are classified only by number and may or may not be 
inspected so as to confirm the contents of the shipping container. 
This may have resulted in misclassification of the exported | 
material, and therefore, exports of material classified as arsenic 
metal may vary from year to year. This classification may also 
include arsenic-containing “e-waste,” such as computers and 
other electronics destined for reclamation and recycling (Mayo, 
2008; Schmit, 2008), transshipped arsenic metal used for 
production of small-arms ammunition (Agence France-Presse, 
2005; Chicago Tribune, The, 2005), and arsenic alloyed with 
lead or another metal. 


. World Review 


In 2010, commercial-grade arsenic trioxide was recovered 
from Processing of nonferrous ores or concentrates in 11 
countries. Reduction of arsenic trioxide to arsenic metal 


accounted for all world output of commercial-grade (99%-рше) 
arsenic meta]. 
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122010, China produced approximately 25,000 t of arsenic 
trioxide and remained the world’s leading producer followed by 
~ Chile (11,000 t), Morocco (8,000 t), and Peru (4,500 t). Arsenic 
i; was also produced in China as a byproduct of gold mining from 
i opiment (As,S,) and realgar (AsS), the more common ore 
. minerals of arsenic (Peters and others, 2002, p. 182). Arsenic 
| trioxide was also produced in Mexico at the San Luis Potosi 
; copper smelter. 

. Arsenic-containing residues and smelter dusts recovered from 
nonferrous metals plants in several countries may not have been 
processed to recover commercial-grade arsenic trioxide in 2010 
, and may have been stockpiled for future treatment. Production 
-data for most countries were estimated and subject to revision. 


| Outlook 


The voluntary decision by the wood preservative industry 
toeliminate ССА as а wood preservative for certain wood 
products has led to a decline in U.S. consumption and a decline 
. harenic trioxide production in China. The use of alternative 
. Wood preservatives and wood alternatives, such as concrete, 
_ plastic, or wood composites, will continue to substitute for CCA 
wood preservatives, Borate-treated wood is resistant to insects 
. ad fungal decay, but its use is recommended only for interior or 
_ Wather-shielded applications, Specific industrial applications, 
such as marine timber, plywood roofing, and utility poles, are 
expected to continue to use CCA-treated wood. High-purity 
aseme 15 expected to continue to be used by the electronics 
ndustry for GaAs semiconductors. The GaAs slowdown in 
li first half of 2009 resulted in year-on-year growth for the 
dusty GaAs technology will be central to supporting the 
smartphone” cellular handset. Industry research projected a 
ie average annual growth rate of up to 12% (Anwar, 2010; 
MOM а of E as arsenic trioxide and 
нц TOUS metal processing, are expected to 

eet projected needs. 
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TABLE 1 


ARSENIC SUPPLY-DEMAND RELATIONSHIPS! 


(Metric tons of arsenic content) 


2006 2007 2008 2009 2010 
U.S. supply, imports: 
Metal 1,070 759 376 438 769 
Compounds 9,430 7,010 4,810 4,660 4,530 
Total 10,500 7,710 5,180 5,100 5,300 
Distribution of U.S. supply: 
Exports? 3,060 2,490 1,050 354 481 
Apparent consumption 7,450 5,280 4,130 4,740 4,820 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 
"Metal only. 
TABLE 2 
U.S. IMPORTS FOR CONSUMPTION OF ARSENIC PRODUCTS! 
2009 2010 
Quantity Value Quantity Value 
Class and country (metric tons) (thousands) (metric tons) (thousands) 
Arsenic trioxide: 
Belgium 514 $297 973 $603 
China 1,080 440 1,260 561 
Germany -- on 4 29 
Morocco 4,530 1,970 3,690 1,640 
Spain 10 EU ПОНИНИН. тени 
Total (| eBo 2240 5920 289 
Arsenic acid: 
Indonesia о - 20 2 
Japan 3 11 (2) 3 
Taiwan -- --. А0 204 
Arsenic sulfide: 
Italy 77 334 = Ч 
Russia БЕРЕН КЕК - Mu 
Total 77 334 Di udo 
Arsenic metal: 
China 370 993 639 102: 
Germany 1 276 І 297 
Japan 67 613 125 1,100 
Korea, Republic of -- -- 4 B 
United Kingdom (2) 5 (2) | 
тоа ав в _ == 
-- Zero. 
"Data are rounded to no more than three significant digits; may not add to totals shown. 
?Less than % unit. 
Source: U.S. Census Bureau. 
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TABLE 3 


ARSENIC TRIOXIDE: ESTIMATED WORLD PRODUCTION, BY COUNTRY ?? 


Country 
Belgium 
Bolivia 
Canada 
Chile 
China 
Iran 
Japan 
Kazakhstan 
Mexico 


Morocco 
7 


Peru 

Portugal 

Russia 
Total 


‘Revised, -- Zero. 


40 
1,500 
1,595 ° 
8,900 5 
4,399 ? 

15 
1,500 

60,900 ' 


(Metric tons) 


2007 
1,000 


r 


11,400 
25,000 
100 
40 
1,500 
1,600 
8,950 ? 
4,321 ? 
15 
1,500 
55,400 ' 


2008 
1,000 
745 


r 


10,000 
25,000 
100 
40 
1,500 
513 
8,800 
4,822 ? 
15 
1,500 
53,400 ' 


40 
1,500 
500 
8,500 
4,850 
15 
1,500 
54,100 ' 


40 
1,500 
8,000 
4,500 * 

15 
1,500 

52,800 


'Including calculated arsenic trioxide equivalent of output of elemental arsenic compounds other than arsenic trioxide where inclusion of 
such materials would not duplicate reported arsenic trioxide production. 


World totals and estimated data have been rounded to no more than three significant digits; may not add to totals shown. 


*Table includes data available through April 20, 2011. 
“Austria, Hungary, the Republic of Korea, Serbia and Montenegro, South Africa, Ukraine, the United Kingdom, and Zimbabwe have produced 


arsenic and (or) arsenic compounds in previous years, but information is inadequate to make estimates of output levels, if any. 


"Reported fi igure. 


"Estimated exports of arsenic trioxide reported by Bolivia’s Ministry of Mines and Metallurgy (in 2009). 


‘Output of Empresa Minera del Centro del Рета (Centromin Perú) as reported by the Ministerio de Energía y Minas. 
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ASBESTOS 
By Robert L. Virta 


Domestic survey tables were prepared by Richard H. Kraft, statistical assistant, and the world production table was 


prepared by Lisa D. Miller, international data coordinator. 


Asbestos has not been mined in the United States since 2002, 
and imports, 99% from Canada, satisfied the needs of domestic 
consumers. U.S. apparent consumption was 1,040 metric tons (t) 


_ 02010, an increase from 869 t in 2009. World production was 


201 million metric tons (Mt) in 2010, a decrease from 2.13 Mt 


_ 102009. 


| Consumption 


US. consumption of asbestos was 1,040 t in 2010, an increase 
fom 869 t in 2009 (table 1). Roofing products accounted for 


_ SA of US. consumption; diaphragms for the chloralkali 
industry, 35%; coating and compounds, 2%; and other uses, 
_ h. Chrysotile was the only type of asbestos used in the United 


States in 2010, 64% of which was grade 7, 2096 was grade 5, 


_ Ту was grade 4, and 1% was unspecified (table 2). 


Prices 


The average free alongside ship (f.a.s.) unit value of 


_ manufactured asbestos fiber exports was $708 per metric ton 


| Increase 


_ Та ада Trade Dataweb We 


Million in 2009. Са 


ШЕТ product 


02010, a decrease from $1,169 per ton in 2009. The average 

5. customs unit value for all grades of imported asbestos was 
$186 perton in 2010, unchanged from that of 2009. The average 
value of imported crude chrysotile, all from Canada, was $872 
Perton in 2010, a large increase from $203 per ton in 2009. This 
may have resulted from additional processing of the 
crude chrysotile ог higher prices for spot, rather than long-term 
purchases. The average unit value for imports of milled, grade 


‘chrysotile was $1,858 рег ton in 2010, a slight increase from 
51,843 per ton in 2009. 


Foreign Trade 


2 а summarizes significant trade statistics 

tade statistics roducts manufactured using asbestos. Detailed 

aille rom у country and individual U.S. port districts, are 
Fom the International Trade Commission’s Interactive 


b sit 
Commission milter site (U.S. International Trade 


cies аи ber were 171 with an 
549.000 in 2009 ( ea erase in tonnage from 59 t valued 


tables 3, 4). Asbestos has not been produced 
since 2002; thus, reported exports probably 
ts of imported fiber or improperly classified 
ed States exported and reexported $27 
eee in 2010, an increase from $24.5 
bythe United ven а was the leading destination, followed 
! қа кйш, Mexico, the Republic of Korea, and 

ve Countries accounted for 64% of the value 
5 exported and reexported from the United 
63). The United Kingdom banned the use 


I1 the United States 
consisted of геехро 
Products, The Unit 
million of asbestos 


States in 2010 (tab 
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of asbestos in 1999, so imports from the United States probably 
were reexported from the United Kingdom or were nonasbestos 
products misclassified as asbestos products. The same applies to 
several other countries listed in table 3 that have banned the use 
of asbestos or asbestos products. 

Friction products, including brake linings, clutch linings, 
and disk pads, accounted for 56% of the value of manufactured 
products exported in 2010 (table 4). Because no asbestos brake 
components under Harmonized Tariff Schedule of the United 
States (HTS) code 6813.20 or asbestos-cement products under 
HTS code 6811.40 were manufactured in the United States, 
shipments under these two HTS code categories probably 
represent reexports of asbestos products and (or) exports of 
products incorrectly classified under these HTS codes. 

In 2010, the United States imported 1,040 t of asbestos 
valued at $821,000. Canada supplied 99% of the tonnage; the 
remainder was imported from Brazil (table 5). Most likely, only 
chrysotile was imported into the United States in 2010. Based 
on the import source, asbestos listed under “other, unspecified 
asbestos type" in table 5 probably represented chrysotile. 

The United States also imported $5.78 million of products 
With a basis of asbestos and products with a basis of asbestos 
and magnesium carbonate, a significant decrease from $13.3 
million in 2009 (U.S. International Trade Commission, 
undated). Some nonasbestos products probably are included 
under the asbestos HTS codes based on reported asbestos 
imports from countries that have banned asbestos use (table 6). 


World Review 


World production of asbestos was estimated to be 2.01 Mt in 
2010, a decrease from 2.13 Mt in 2009. It was estimated that 
Russia was the leading producer of asbestos, followed by China, 
Brazil, Kazakhstan, and Canada. These five countries accounted 
for 99% of the world production (table 7). 

Brazil.—Eternit S.A. indicated that its chrysotile mine 
operated at full capacity and its fiber cement plants operated at 
greater than 90% capacity. In 2010, chrysotile sales, including 
some sales from stocks, were 306,000 t, 5% greater than in 
2009. Fiber cement sales were 827,000 t in 2010, 13% greater 
than in 2009. Eternit also increased the capacity of its fiber 
cement plant to 1 Mt from 850,000 t (Eternit S.A., 2011, p. 1, 3). 

Canada.—Shareholders of Mine Jeffrey Inc., in Asbestos, 
Quebec, approved the purchase of the privately held company 
by an international consortium. However, the purchase was 
conditional on the Quebec Government guaranteeing a $56 
million bank loan. At yearend, no decision had been made 
concerning the loan. The purchase of the mine would enable 
the company to complete the underground portion of its mine 
and eventually increase production to 250,000 metric tons per 
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year (t/yr) from 15,000 t/yr (Canadian Mining Journal, 2010; 
Industrial Minerals, 2010). 


Outlook 


U.S. consumption, although increasing from that of 2009, 
remained lower than consumption for the prior 100 years. U.S. 
asbestos consumption is likely to decline further as the use of 
products and technologies that do not require asbestos continue 
to increase. World production remained nearly 2.01 Mt because 
of continued demand for asbestos products in many regions of 
the world. 
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SALIENT ASBESTOS STATISTICS' 


_______----- 
~ 2006 72007 2008 2009 __200 
United States: i 

Exports and reexports:^ ? $121 
Unmanufactured, value thousands $866 $421 289 ЕН. 3 — 900 
Asbestos products, value do. $443,000 529,200 M $33,200 Su Me 
Imports for consumption, unmanufactured: mE Е 1,040 
Quantity metric tons 2,230 1,730 14600 365. — ^sg2l 
Value’ thousands $1,000 _ $819 | $100 ($68 д 
Consumption, apparent metric tons 2,230 1,730 Е ÉP 19,000 
World, production do. 2,150,000! 2.250,000" 2,1 10,000 * 2130000. ананы 


do. Ditto. "Revised. 
'Data are rounded to no more than three significant digits. 


2Егее alongside ship value; includes exports of crudes, fibers, stucco, sand, and refuse. 


ЗЕхрогі data for asbestos products prior to 2007 also included nonasbestos products. 


^U.S. customs declared value. 
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TABLE 2 
U.S. ASBESTOS CONSUMPTION BY END USE, GRADE, AND ТҮРЕ"? 


(Metric tons) 
Chrysotile 
Unspecified 
End use Grade3 Grade4 Grade5 — Grade 7 grade Total 
2009 2 65 152 576 74 869 
2010: 

Coatings and compounds" = -- -- 17 -- 17 
Chlorine industry -- 157 208 -- -- 365 
Plastics -- -- -- 7 -- 7 
Roofing products -- -- -- 603 -- 603 
Other -- -- -- 38 13 51 
Total -- 157 208 666 13 1,040 

-- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Estimated distribution based upon data provided by the Chrysotile Institute, Montreal, Quebec, Canada. 
"Most of the asbestos reported under “Coating and compounds" probably was used in roofing products. 


TABLE 3 


VALUE OF U.S. EXPORTS AND REEXPORTS OF ASBESTOS FIBERS AND ASBESTOS-BASED PRODUCTS" 23 


à аге rounded to no more than three si 


"Free alongside ship value. 


ignificant digits; may not add to totals shown. 


(Thousand dollars) 
2009 2010 
Unmanufactured Manufactured Unmanufactured Manufactured 
Country fiber" products Total fiber products 

Australia 2: 194 194 -- 203 
Brazil i 165 165 -- 58 
Canada = 5.560 5.560 -- 5,460 
China = 1,610 1,610 - 1,210 
France n 218 218 - 49 
Germany 2 269 269 -- 242 
Italy in d 72 72 = 253 
Japan. = 477 477 = 175 
Korea, Republic of | = 1,520 1,520 -- 1,600 
Mexico TN 4,430 4,430 83 3,880 
Netherlands du 9 9 -- 5 
United Kingdom - 3,240 3,240 -- 5,100 
Venezuela i 294 294 РЕ 119 
oo | EE. 6,450 6,520 38 8,620 
eec 69 24,500 24,600 121 27,000 
- Zero, 
Ра 


"Data ma 
y include some nonasbestos products based on destination countries that have banned the use of asbestos. 


"Includes exports of crudes, fi 


Source: U.S. Census Bureau. 
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bers, stucco, sand, and refuse. May also include nonasbestos materials. 


Total 
203 
58 
5,460 
1,210 
49 
242 
253 
175 
1,600 
3,970 
5 
5,100 
119 
8,660 
27,100 
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TABLE 4 
U.S. EXPORTS AND REEXPORTS OF ASBESTOS AND ASBESTOS-BASED PRODUCTS! 


E ы ыы ы сше з ш аа 2 


2009 2010 
Quantity Value? Quantity Value? 
а (сю) _ (thousands) _ (metric tons) (Hioussnds) 
Unmanufactured, asbestos" 59 $69 171 $121 
Manufactured: о 
_ Cementproducts! —— č  ćč NA 427 NA 236 
Friction products’ NA 13,500 NA 15,000 
Gaskets, packing and seals NA 1,270 NA 1,510 
Paper and millboard NA 317 NA 50 
Other articles NA 9,040 NA 10,200 
Total NA 24,500 _ NA 27,000 


NA Not available. 

"Рака are rounded to no more than three significant digits; may not add to totals shown. 
*Free alongside ship value. 

3includes crudes, fibers, stucco, sand, and refuse. May also include nonasbestos materials. 


“May include reexports and also cellulose fiber panel, sheet, tile, and tube cement products because asbestos-cement 


products are not manufactured in the United States. 
"Мау include some nonasbestos brake and clutch shipments. 


‘Мау also include some nonasbestos materials. 


Source: U.S. Census Bureau. 


TABLE 5 | 
U.S. IMPORTS FOR CONSUMPTION OF ASBESTOS FIBERS, BY TYPE AND ORIGIN и 
she ieee са ҮСТІ! 
Canada Brazil mE .  Zimb аы 5 Quantity gc E 
Quantity Value? Quantity Value? Quantity Value (metric tons) (thousands) 
Type (metric tons) (thousands) (metrictons) (thousands) (metric tons) (thousands) Me < 
2009: & 
Chrysotile: в 40 554 
Crude 40 $8 -- zx a $38 127 - 
Milled, grade 4 106 178 7 $19 t _ 385 167 
All other 332 128 53 147 v 2177, ыы 684 
Other, unspecified asbestos type 
Total 
2010: 
Chrysotile: 
Crude 234 204 -- -- =T " 190 145 
Milled, grade 4 177 307 13 46 xi 5. 374 119 
АП other 374 145 - > = E 246 —л 
Other, unspecified asbestos type 246 119 -- DAR GNE CL ME O 0 —— 
Total 1,030 775 ЕКЕ жентек. санан 
-- Zero. 


"Data are rounded to no more than three significant digits; may not add to totals shown. 


?U.S. customs declared value. 


Source: U.S. Census Bureau. 
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TABLE 6 
U.S. IMPORTS OF PRODUCTS WITH BASIS OF ASBESTOS IN 2010 


SSS SS O не, 


uantity Percentage of 
; 4 
| Category (metric tons) Value? Major sources? category total 
PUR Asbestos 1,040 $821,000 Canada 99% of weight. 
IN 9194 of weight. 
6811400000 — Asbestos-cement products 3,080 380,000 do. 0 g 
mm: idoli ing" (6) 3,400 Germany’ Do. 
6812,80.90.00 Other, fabricated crocidolite fibers; clothing , | == 
612911000 Footwear, fabricated asbestos fibers; clothing" (6) 5,760 eur za 
6812.91.90.00 — Other, fabricated asbestos fibers; clothing? (6) 5,250 China | | 
в МА 45,400 India 8094 of value. 
6812.92.00.00 — Felt, millboard, and paper , 
jointing’ NA 437,000 Mexico 97% of value. 
6812.93.00.00 | Compressed asbestos fiber jointing , | т 
6812.99.00.01 — Other, miscellaneous" 37 1,000,000 Austria’, Mexico o of weight. 
Py | 1 i Do. 
6812.99.00.02 Yarn and thread? 3 67,300 China, Mexico | — 
i ic? 6 65,300 China 99% of weight. 
6812.99.00.04 Woven or knitted fabric б о 
0 " 
681299.0020 Gaskets, packing, and seals? 54 318,000 do. оос 
6812990025 Building materials NA 27,000 Canada ES - томан қ 
1 0 . 
6812.99.00.55 Other, fabricated asbestos fiber® NA 86,500 South Africa evant 
| ” | 
6813.20.00.10 Brake lining and pads, civil aircraft? NA 295,000 Brazil е E 
6813.20.00.15 Brake lining and pads, other NA 2,160,000 China, Japan | - > — 
6813.20.00.25 Other, friction materials NA 59,700 Canada, Bolivia 0 . 


По, do. Ditto. МА Not available. 

Harmonized Tariff Schedule of the United States. 

"US. customs declared value. 

‘Countries are listed in decreasing order. 

тш contribution of total imports by major import sources, by weight or value. 


"Products likely to have been inaccurately classified and products probably do not contain crocidolite. 
‘Less than А unit, 


"Source likely a supplier of nonasbestos products only. 


"Mixtures with basis of asbestos or with a basis of asbestos and magnesium carbonate. 


Source: U.S. Census Bureau. 


TABLE 7 
ASBESTOS: WORLD PRODUCTION, BY COUNTRY? 


(Metric tons) 


—— 


—————— tS И аі рша Ез с да ы есті сыны а а ысы 


а Country" 2006 2007 2008 2009 2010 
Argentina 299 282 298 290 300 
Brail fiber 227,000 254,000 288,000 288,000 270,000 * 
Cad 200,000 180,000 * 160,000 150,000 100,000 
Ош 360,000 390,000 380,000 440,000 ' 400,000 
D NONE C 20,000 21,000 20,000 19,000 20,000 
гап“ _ " gs 
alsa уе 293,000 230,000 230,000 * 214,000 
T == 925,000 1,030,000 * 1,020,000 * 1,000,000 1,000,000 
Sebi җ— ——————————— | " ы Е 
ые — Ваи r 84,500 ' 11,500: 4,970 ' 1,000 * 
t 2,150,000 ' 2,250,000 ' 2,110,000" 2,130,000" 2,010,000 
‘Estimated, " Revised, -- Zero, 

‘World totals and estimated data are rounded to no more than three significant digits; may not add to toras shown. 

Marketable fiber production. Table includes data available through April 20, 2011. 

"In addition to orted, 


ж available general information is inadequate for the formulation of reliable estimates of output levels. 
Reported figure, 


ASBESTOS 2919 


i 


is not officially rep 
the countries listed, Afghanistan, North Korea, Romania, and Slovakia also produce asbestos, but output 
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BARITE 
By M. Michael Miller 


Domestic survey data and tables were prepared by Raymond I. Eldridge III, statistical assistant, and the world production 
table was prepared by Lisa D. Miller, international data coordinator. 


In 2010, primary barite production (sold or used by producers) 
totaled 662,000 metric tons (t) valued at $37.2 million, and 
apparent consumption was 2.66 million metric tons (Mt). 

Imports were 2.11 Mt and exports were 109,000 t. 

Ваще is the mineralogical name for barium sulfate. In 
commerce, the mineral is sometimes referred to as barytes. In 
. this report, the term primary barite refers to the first marketable 
. product, which includes crude barite that usually has undergone 
. simple beneficiation methods, such as jigging, tabling, washing, 
_ ormore complex methods, such as flotation, heavy-media 
Separation, and magnetic separation. Most barite ore requires 
some upgrading to minimum purity or density levels. 


Production 


.. Domestic production and sales data for barite were derived 
. Rom voluntary responses to the U.S. Geological Survey (USGS) 
, canvass of 7 mines and 26 grinding plants. Тһе USGS received 
. Responses from 3 mines and 19 grinding mills, representing 
Ш of the quantity of ground barite sold. Estimates were made 
_ Wig company production estimates, prior year data, and other 
-industry data, Seven mines were included in the survey—five 
. Were producing and two were idle. 
Of the canvassed producing mines, four were in Nevada, and 
2 меча in Georgia; the idle mines were in Nevada. There were 
-B grinding plants operating at the end of the reporting year. 
Most Nevada barite ore was ground at nearby company-owned 
ginding plants in Nevada, but the ore from NOV Minerals LP 
кы of State to its grinding mill in Evanston, WY. 
v^ ise d was shipped to Canada for grinding. 
leit Gn І ie SERIE was shipped to plants 
тай зы. or grinding. This practice has become 
Mn ни years because the cost of transport made 
potias is S a with imported barite. Although 
Mahon x ов hing have Increased substantially 
rena years, s ipments of barite to the Gulf Coast 
ть rare. Demand in the Western United States and 
ng ІП recent years that Nevada 


e em Canada was so stro 
anite prod | 
Producers were able to sell all their production to western 


Customers. 
Crude barite 


Nearly 739 
wi. compared with that of 2009. The value of domestic 
Mine miki: $37.2 million, an increase of 87%. The bulk of 
Georgia, Tm from Nevada, with a small amount from 
result of ine ease ІП Nevada’s mine production was the 


reased oi д ! 
ми. sed oil and gas drilling driven by higher oil and 


һ 201 0, there Were 
dge Mine (NOV Mi 
теру Services-Baroi 
aker Hughes Drillin 


ВАТЕ ору 


db. 


production was 662.000 t in 2010, an increase of 


four active barite mines in Nevada—Big 
nerals) and Rossi Mine (Halliburton 

d) in Elko County, and Argenta Mine 

g Fluids) and Greystone Mine (M-I 


L.L.C. operating as M-I SWACO) in Lander County. In addition 
to these Nevada operations, there was one small barite producer 
in Georgia—New Riverside Ochre Co., Inc. 

In 2010, the leading companies that mined and ground barite 
in the United States were also major oil service companies, 
which included Baker Hughes Drilling Fluids (a division of 
Baker Hughes Inc.), Baroid Fluid Services (the drilling fluids 
and industrial barite subsidiary of Halliburton Energy Services, 
Inc.), M-I SWACO (a subsidiary of Schlumberger Ltd.), and 
National Oilwell Varco (NOV). These four companies operated 
barite mines with associated beneficiation mills and grinding 
plants in Nevada (or in the case of NOV in Wyoming) and also 
operated grinding plants in Louisiana and Texas. 

At yearend 2010, there were 14 grinding operations on the 
coast of the Gulf of Mexico (6 in Louisiana and 8 in Texas) 
that produced barite to American Petroleum Institute (API) 
specifications. These stand-alone grinding plants primarily 
processed crude barite imported from China and India that was 
ground to API specifications for the oil and gas drilling market. 
Baker Hughes had single plants in Morgan City, LA, and Corpus 
Christi, TX. Baroid (Halliburton) had two plants in Louisiana at 
Lake Charles and Larose, and a single plant in Corpus Christi, 
TX. In 2010, Halliburton completed construction of a new barite 
grinding mill in Larose, LA. The new grinding mill replaced 
the company’s New Orleans grinding mill, which was shut 
down when the new plant came online late in the year (Sandy 
Champagne, oral commun., July 20, 2011). The new plant in 
Lafourche Parish was designed to allow for easy transport of 
barite to Halliburton’s wharf facilities at Port Fourchon that 
support offshore oil drilling operations in the Gulf of Mexico 
(Schmidt, 2009). M-I SWACO (M-I LLC) operated single 
mills in Amelia, LA, Brownsville, TX, and Galveston, TX. 

The Brownsville mill was acquired from U.S. Clay LP in 
2010. National Oilwell Varco operated a barite grinding plant 
in Houma, LA (formerly Ambar Lone Star Fluids Services, 
LLP). National Oilwell Varco acquired Ambar in early in 2010 
(National Oilwell Varco Inc., 2010) . 

In addition to the barite mining companies, there were 
a number of other companies that operated grinding mills 
primarily designed to process imported crude barite. These 
included Excalibar Minerals Inc. (a division of Newpark 
Resources, Inc. of Houston), a major barite importer and grinder 
with one mill in New Iberia, LA, and two mills in Texas at 
Corpus Christi and Houston. These mills primarily supplied 
barite to the oil and gas drilling market. The company also 
operated a grinding plant in Tennessee, which mostly served 
nondrilling markets. There were two other companies near the 
Gulf of Mexico that received imported barite by ship through 
ports in Louisiana and Texas—CIMBAR Performance Minerals, 
Inc. (Cartersville, GA) in Houston, TX, and Milwhite, Inc. 
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(a subsidiary of Mexico's Control MINAR, S.A. de C.V.) in 
Brownsville, TX. 

Grinding plants that produced commercial filler-grade barite 
or chemical-grade barite were located primarily in the Southeast, 
Midwest, and Texas. Five companies reported sales of barite for 
nondrilling uses, and by far the leading producer was CIMBAR, 
which produced most of its nondrilling barite at its three 
grinding mills in Georgia, Indiana, and Missouri. CIMBAR's 
second Georgia plant (Cartersville) was idle in 2010. 


Consumption 


In April 2010, the explosion of the Deepwater Horizon 
drilling rig and subsea blowout of the Macondo oil well in 
the Gulf of Mexico resulted in the largest offshore oil spill in 
U.S. history. A 6-month moratorium on deepwater drilling was 
declared by the Government in late May and lifted in October 
after the U.S. Department of the Interior introduced new safety 
standards for operators drilling in water depths greater than 152 
meters (m) (500 feet) (U.S. Department of the Interior, 2010). 
The drilling moratorium and more stringent regulatory reviews 
of deep-water drilling applications reduced offshore drilling 
operations in the Gulf of Mexico, which resulted in a decrease 
in barite sales and consumption in the Gulf of Mexico. In 


In 2010, apparent consumption of barite increased by 51% 
to 2.66 Mt compared with that in 2009 (table 1). Ground barite 
sales increased by about 24% to 2.57 Mt in 2010 from 2.08 Mt 
in 2009. In 2010, sales by grinding plants in Louisiana were 
essentially unchanged at 915,000 t, grinding plant sales in 
Texas increased by 59% to 907,000 t, while sales by plants in 
all other States increased by nearly 27% to 748,000 t (table 2), 
About 2.44 Mt, or 95%, of barite sales from domestic Crushers 
ng markets, and the 
remaining 5% was for industrial end uses (table 3), 
a weighting agent 
to suppress high 
ts. As a well is drilled 
the bit passes through various formations, each with different | 

; more barite is needed as 

a percentage of the total mud mix. An additional benefit Of barite 
is that it does not interfere with magnetic measurements taken in 
the borehole, either during logging-while-drilling Or in separate 
drill hole logging. 

Barite used for drilling petroleum wells can be black, blue, 
brown, buff, or gray depending on the ore body. Most barite 
needs to be ground to a small uniform size before it is used 
as a weighting agent in petroleum well-drilling mud based on 
specifications set by the API or the former Oil Companies 
Materials Association. 
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The most important characteristic of barite used in drilling 
mud is its specific gravity (SG), and until 2010 the API 
specification called for a minimum specific gravity of 4.2. In 
2008, the API began examining a proposal to lower the barite 
specific gravity specification to 4.1. In F ebruary 2010, the АР] 
issued a new edition of API Specification 13A, Specification 
for Drilling Fluids Materials (effective date, August 1, 2010). 
This new edition of Specification 13A added specifications for 
4.1 specific gravity barite, but also retained specifications for 
4.2 specific gravity barite. Other barite specifications remain 
unchanged from the previous standard and are the same for 4.1 
and 4.2 specific gravity barite. They require that the barite be 
finely ground so that at least 9794 of the material, by weight, 
can pass through a 200-mesh (Tyler) [75-micrometer (um)] 
screen, and no more than 3094, by weight, can be less than 6 
um, effective diameter, which is measured using sedimentation 
techniques. Lastly, the ground barite may contain a maximum 
of no more than 250 milligrams per kilogram of water-soluble 
alkaline earth metals as calcium (American Petroleum Institute, 
2010, p. 13-23, 83-96). Common impurities in drilling-grade 
barite include quartz, chert, dolomite, siderite, and metallic 
oxide and sulfide compounds. These are normally insoluble, 
and as a result, standards limiting their concentrations have 
not been developed. In addition, the API standard does not 
address heavy-metal impurities, but barite derived from | 
base-metal deposits may contain heavy metals such as cadmium 
and mercury and discharges of these may be regulated under 
environmental law, For example, U.S. environmental regulations 
pertaining to offshore drilling allow drilling waste discharges 
containing barite only if the barite contains less than 3 parts per 
million cadmium and 1 part per million mercury (Drilling Waste 
Management Information System, undated). | 

The idea of using 4.1 specific gravity barite was put forth ІП 
late 2006, and since then it has become widely adopted in the 
Western United States. Offshore drillers continue to use 42 
specific gravity barite as do onshore customers in other parts of 
the country that rely on imported barite. 

With the U.S. economy recovering in 2010, energy demand 
increased and this resulted in higher oil and gas prices compared 
with their lows in 2009. Increased energy demand and higher | 
energy prices were reflected in 2010 by the increase in domestic 
oil and gas drilling. Oil prices (U.S. spot price) increased by 
about 28% compared with those of 2009. In 2010, the monthly 
average was about $79 per barrel compared with an average 
of nearly $62 per barrel in 2009 (U.S. Energy Information 
Administration, 2011a). The U.S. monthly average natural gas 
price (wellhead) was $3.67 per thousand cubic feet in 2009 but 
increased to $4.16 per thousand cubic feet in 2010. This was, 
however, stil] Significantly below the 2008 average of $7.97 per 
thousand Cubic feet (U.S. Energy Information Administration, 
201 1b). 

_ The rebound in oil and gas prices in 2010 encouraged 
"creased exploration drilling in the United States. The weekly 
US. drill rig count in 2010 began the year at 1,220, increased 
r apidly during the winter and spring to 1,535, decreased 
slightly Owing to the deepwater drilling moratorium, but 
overall continued to increase and finished the year at 1,694. 
This number approached the 2008 yearend count of 1,721, 
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but it was still significantly below the peak of 2,031 reached 
; late summer 2008. Much of the rig count increase was in 


` oil exploration, which accounted for 347 (or 7396) of the 474 


additional drill rigs operating at the end of 2010. The percentage 
of drill rigs exploring for oil accounted for 45% of the total 

at yearend 2010, up from 35% the previous year. Much of the 
increased oil exploration activity was in the Williston Basin in 
northeastern Montana and northwestern North Dakota and in the 
Permian Basin of West Texas (Baker Hughes Inc., 2011) . 

In 2010, sales of domestic and imported barite for industrial 
uses increased by 11% to 131,000 t (table 3). Industrial end 
uses such as barium chemicals (the largest by volume is barium 
carbonate), filler in paint and plastics, and powder coatings all 
require the barite to be ground to a small uniform size. The size 
depends on the use, but for paint- and plastic-grade material, it 
averages about 2 to 3 шп. Barite-containing materials that are 
used for sound reduction in engine compartments are gaining 
market share among automotive manufacturers. Barite also is 
used in the base coat of automobile finishes for smoothness 
and corrosion resistance and continues to be used in friction 
products for automobiles and trucks. 

Barite used as an aggregate in “heavy” cement or radiation- 
shielding cement is crushed and screened to sizes ranging from 
4.15 millimeters (0.187 inches) to 3.75 centimeters (1.5 inches) 
forthe coarse grade. New Riverside Ochre (Cartersville, GA) is 


< the leading supplier of barite aggregate. 


| Foreign Trade 


Barite exports in 2010 were 109,000 t, which was an increase 


| ofabout 60,000 t compared with those of 2009. Most exports 


went to Canada (90%) in the form of crude barite, which was 
gound in Canada and then consumed for oil and gas drilling 


n the western provinces of Alberta, British Columbia, and 


Saskatchewan. The bulk of the remaining exports went to 

Mexico (570) and Venezuela (2%) (table 4). 

кш of the correct harmonized tariff schedule 

ш шы by Importers is sometimes problematic. As a 

Т disi іні years, adjustments were made іп ап attempt 

other Шс. i crude natural barite, ground barite, and 

involved s " У : enum by type and use. These adjustments 

nding i Ing, by unit value, imports intended for use 

(other sulf; \ (crude and gr ound barite), and all other uses 
ates of barium). Beginning in 2008 this practice was 


di | 
“continued, and the data shown in table 5 for 2009 and 2010 


E ee by the U.S. Census Bureau. 
ined imports of barite (crude and ground) totaled 2.09 


ы. 2. compared with those of 2009. China 
V) makin o of the total, with India (496) and Morocco 
flare d die of the rest. Imports for the several forms 
hin" were ЈЕ i the HTS nomenclature “Other sulfates 
рагы уй ы. 0 t, which represents an increase of 39% 
" 9а those of 2009 (table 5). 
Ene. чүн. US. imports of crude barite of $1.25 
my ан there is no tariff on imports of ground 
luit have die | к of the major importers of crude 
а = e | and received foreign trade zone (FTZ) 
MISWACO Паше mills in the United States. In 2007, 
received FTZ approvals for the company’s 
BARITE~2019 


а 


grinding plants in Amelia, LA, and Galveston, TX. In 2008, 
Baker Hughes received FTZ approvals for its grinding plants 
in Morgan City, LA, and Corpus Christi, TX. Also in 2008, 
Halliburton received FTZ approvals for its grinding plants in 
New Orleans, LA; Westlake, LÀ; and Corpus Christi, TX. In 
January 2010, Excalibar Minerals received FTZ approval for 
its grinding plant in Corpus Christi, TX. FTZ status means that 
the ground barite produced by these mills will be reported as 
imports for consumption and not crude barite received from 
foreign suppliers (U.S. Department of Commerce, Import 
Administration, 2011). 


Transportation 


In recent years, about 8096 of U.S. barite consumption has 
been supplied by imports (primarily from China). Most barite 
imports are shipped in handymax-size bulk carriers (typically 
35,000- to 60,000-t deadweight tonnage). After being ground to 
API specifications, barite is transferred directly to containers on 
barges docked in canals, lakes, and rivers near the grinding mills 
for bulk delivery to offshore drilling platforms. These near-shore 
barite staging locations also are convenient to the clusters of 
onshore areas with significant petroleum production in the 
Petroleum Administration for Defense (PAD) District 3. The 
PAD districts were World War II divisions of the oil-producing 
areas of the United States; these designations continue to be 
used. 


Prices 


The average sales value for primary barite from mines 
and their associated beneficiation plants in the United States 
increased to about $56 per metric ton, an increase of about $4 
per metric ton compared with that of 2009 (table 1). Compared 
with those of 2009, the average sales value for barite ground 
in Louisiana was essentially unchanged at about $144 per ton, 
while the sales value for drilling-grade barite ground in Texas 
decreased slightly to about $165 per ton. The average value for 
all grades ground in Texas was essentially unchanged at $169 
per ton, while the sales value of barite ground in other States 
increased to about $142 per ton (table 2). Barite for barium 
chemicals, filler and extender, and glass decreased by 37^ to 
$334 per ton for 2010 compared with that of 2009 (table 3). 

The December 2010 United States published import prices for 
barite from China, API grade, lump, including cost, insurance, 
and freight, U.S. Gulf Coast, were in a range of $100 to $108 
per ton compared with $94 to $108 per ton in December 2009. 
The price for Indian barite increased to a range of $107 to $112 
per ton compared with $97 to $99 per ton in December 2009. 
The price of chemical-grade barite from China increased from 
$92 to $114 per ton in December 2009 to a range of $138 to 
$145 per ton in December 2010 (Industrial Minerals, 2009; 


2010). 
World Review 


Сита. Weather conditions in China (drought in the winter 
and early spring and flooding in the summer and fall) hampered 
production and shipment of barite during 2010. Much of China's 
barite resources are in the Provinces of Fujian, Guangdong, 
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Guangxi, Guizhou, and Hunan in southern China, which was 
the region hit hardest by the adverse weather (Russell, 2010). In 
addition to weather problems, some small producers in Guangxi 
Province ceased production owing to recently introduced 
reclamation bond requirements. These permitting requirements, 
wage increases to miners, and higher fuel prices resulted in 
higher barite prices, free on board China, which increased 
throughout the year (Newcaster, 201 1). In 2010, China's barite 
exports were 2.57 Mt, an increase of 800,000 t compared with 
those of 2009, but still 1.27 Mt less than those of 2008. 

India.—India, the world's second leading barite producer, 
experienced weather-related problems in its barite mining 
industry as its major barite mine in Andhra Pradesh was flooded 
by late summer monsoon rains. The lower part of the mine that 
produced higher quality 4.2 specific gravity product was flooded 
(Russell, 2010). 

Vietnam.—Vietnam's Institute of Geology and Mineral 
Resources has identified and assessed more than 20 deposits and 
occurrences of barites with total reserves of 6.2 Mt. Vietnam's 
primary barite resources are located in three areas in the 
northern part of the country near the borders with China and 
Laos and near the coast of the Bac Bo Gulf (Gulf of Tonkin) 
in North Trung Bo. In 2010, most production was from the 
Ao Sen deposit in the northeast Bac Bo region, Tuyen Quang 
Province, which has the capacity to produce about 80,000 metric 
tons per year (t/yr). Vietnam has developed plans to expand its 
barite mining industry during the next 15 years, with a target 
production of 300,000 to 350,000 t/yr (Phuong, 201 1). 


Outlook 


Domestic exploration is expected to continue in response to 
long-term U.S. demand for oil and gas. The global recession of 
2008—09 resulted in dramatic decreases in energy consumption 
and associated fuel prices. The U.S. economic recovery has been 
slow and growth in domestic energy consumption has lagged as 
a result. In recent years, the majority of drill rigs operating in 
the United States have been exploring for natural gas because 
the United States has large natural 88$ resources compared with 
oil resources. Natural gas production has been increasing faster 
than consumption, putting downward Pressure on natural gas 
prices—which increased from the lows reached in 2009 but 
were still significantly below prices reported for 2003-08. Data 
indicate that dry natural gas production in the first 5 months 
of 2011 was up 6.0% compared with the same period in 2010. 
However, natural gas consumption was up only 2.094 
the same time period (U.S. Energy Information Admi 
undated). Low natural gas prices may slow explorati 
activities, especially in areas where the drilling targets are deep 
and drilling costs are high. For example, the Haynesville Shale 
located mostly in northern Louisiana lies at a depth of about 
3,000 m (10,000 feet). 

The 2011 drill rig count through mid-August had risen 
to 1,974 after beginning the year at 1,694. This increase in 
exploration activities indicates increased consumption of barite. 
If the economy continues to stagnate or falls into another 
recession, energy consumption may fall and w 
prices resulting in less oil and gas exploration 
barite consumption. 
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In the future, natural gas's share of U.S. power generation 
is likely to increase because of relatively low natural gas 
prices and the prospect of stricter environmental controls on 
powerplant emissions. These conditions may result in power 
companies deferring coal-fired powerplants and building 
cleaner gas-fired plants in their place. Increased natural gas 
use may be bolstered by recent increases in the Nation's 
estimated gas reserves, which reached the highest level since 
1971. In 2009, driven by shale gas development, U.S. gas 
reserves increased to 284 trillion cubic feet. According to the 
U.S. Energy Information Administration, Louisiana, Arkansas, 
Texas, Oklahoma, and Pennsylvania were the leading States 
in adding new proved reserves of natural gas during 2009. 
Much of this increase in gas reserves is the result of new and 
advanced exploration, well drilling, and well completion 
technologies, which allows recovery of natural gas from active 
and newly developing shale-gas fields (U.S. Energy Information 
Administration, 2010). A switch from coal to natural gas in new 
powerplants would likely provide a boost to domestic drilling 
and increase the demand for barite. 
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TABLE 1 
SALIENT BARITE STATISTICS! 
(Thousand metric tons and thousand dollars) 
2006 2007 2008 2009 2010 
United States: 
Barite, primary: 
Sold or used by producers: 
Quantity „зао 45 648 33 — 600 
Exports: 
Quantity mc. © A 109. 
Value 12,100 6,300 10,500 10,200 17,800 
Imports for consumption: 
Quantity 2,550 2,600 2,620 1,430 2,110 
Value 160,000 193,000 208,000 129,000 196,000 
"Estimated, "Revised 
‘Data are rounded to no more than three significant digits. 
дн crude, ground, and other barite imports. 
cR or used plus imports minus exports. 
Includes imports. 
TABLE 2 


CRUSHED AND GROUND BARITE SOLD OR USED BY PROCESSORS 
IN THE UNITED STATES, BY STATE"? 


Р 2009 2010 
Quantity Quantity 
Number (thousand Value Number (thousand Value 

State of plants metric tons) (thousands)  ofplants ^ metric tons) ^ (thousands). 
Louisiana 6. |. 921 $134,000 7 915 $132,000 
Texas 8 569 96,000 8 907 153,000 
Other 12 59] 77,100 11 748 106,000 
та 26 208 _зио 16 ASO 391000 


Т oe с 
Баја are rounded to no more than three significant digits; may not add to totals shown. 
"Includes imports. 


3 tone | 
Includes Georgia, Illinois, Indiana, Missouri, Nevada, Tennessee, and Wyoming. 


ARITE 2010 
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TABLE 3 
CRUSHED AND GROUND BARITE SOLD OR USED BY PROCESSORS 


IN THE UNITED STATES, BY USE"? 


(Thousand metric tons and thousand dollars) 


м 


2009 2010 
Use Quantity Value Quantity Value 
Barium chemicals, filler and (or) extender, glass 118 40,800 131 43,800 
Well drilling 1,960 266,000 2,440 347,000 
Total 2,080 307,000 2,570 391,000 
SOW 29/09 22/0 391,000 


"Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes imports. 


TABLE 4 
U.S. EXPORTS OF NATURAL BARIUM SULFATE (BARITE), BY COUNTRY’ 
___2090 200 
Quantity Value Quantity Value 
_____ Country (metric tons) (thousands) (metric tons) (thousands) 
Brazil | ^ 4,930 $1,270 1,470 $1,020 
Canada 37,700 7,020 97,200 13,600 
Costa Rica = 24 17 204 144 
Egypt -- -- 694 134 
Mexico | 4,310 1,200 5,500 1,610 
Oman — = 858 152 402 109 
Trinidad and Tobago — 92 38 409 174 
pensas HE 202 64 2,060 583 
ы саз. 90 — AS" 662 432 
== NN .49300 10200 109,000 17,800 
Revised. -- Zero. | Hb B | | = 


Leb Mal » Germany (2010), Guatemala (2010), Israel 
| anon, Malaysia, Mozambique (2 ТТ | 
(2010), Taiwan (2009), and Thailand. que (2009), Russia (2010), Singapore 


Source: U.S. Census Bureau. 
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TABLE 5 
U.S. IMPORTS FOR CONSUMPTION OF BARITE, BY COUNTRY! 


— 2509 LU. 
Quantity Value? Quantity Value? 
Country (metric tons) (thousands) (metric tons) (thousands) 
Crude: 
Canada 621 $17 8 $3 
China 502,000 54,000 754,000 75,900 
India 41,800 3,540 45,500 4,690 
Japan 6 13 - = 
Malaysia -- -- 636 18 
Mexico 5,590 465 - 18,100 1,390 
Morocco 21,800 1,930 54,900 5,180 
Norway -- -- 230 ` 60 
Total 572,000 60,000 873,000 87,300 
Ground: 
Canada -- -- 8,060 510 
China 826,000 55,400 1,170,000 87,000 
Germany 569 548 1,150 582 
India 23,800 1,790 38,400 3,050 
Italy -- -- 27 5 
Japan 88 225 1,690 365 
Mexico 764 129 -- -- 
Netherlands -= -- 4 3 
Spain -- -~ 19 12 
United Kingdom -- -- 86 43 
Total 851,000 58,100 1,220,000 91,500 
Other sulfates of barium: 
Brazil | x 78 39 -- - 
Сапада 1 2 -- -- 
China 3,550 2,230 4,380 2,940 
Denmark -- -- 5 4 
Germany 4,870 6,020 7,640 10,700 
Italy 1,540 1,340 1,920 1,720 
Japan 527 1,220 670 1,630 
Netherlands a = 130 58 
Spain 14 12 -- =: 
Switzerland 2 4 eu РА 
United Kingdom (3) 3 (3) 8 
Total 10,600 10,900 14,700 17,000 
-- Zero. 
Data are rounded to no more than three significant digits; may not add to totals shown. 
"Cost, insurance, and freight value. 
"Less than /2 unit. 
Source: U.S. Census Bureau. 
TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF BARIUM CHEMICALS! 
2009 |. 2010 
Quantity Value? Quantity Value? 
СШ (metric tons) (thousands) (metric tons) (thousands) 
ее 466 $551 352 $431 
410, hydroxide, peroxide 2,890 5,050 4,290 4,940 
Carbonate, precipitated 814. 649 2,780 2,530 


| 

Data а | fi 

x ге rounded to no more than three significant digits. 
OSt, insurance, and freight value. 


Source: U.S. Census Bureau. 
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TABLE 7 
BARITE: WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 


Aem Country 2006 2007 2008 2009* 2010° 
64,787 63,098 60,088 38,000 "3 60,000 
Argentina 6,276 37,979 3,170 3,416 "3 3,200 
Australia 21,000 16,000 21,000 ' 20,000 ' 21,000 
Bolivia 8,943 8,245 10,900 2,069 ^? 7,845 : 
Brazil, beneficiated 19,151 13,311 23,276 ' 38,550 ' 40,000 
Bulgaria* 74,500 51,000 40,000 14,300 15,000 
Burma 2,930 6,813 5,679 7,623 ? 8,075: 
Canada 20,000 9,000 12,000 15,000 22,000 " 
China 4,400,000 4,400,000 4,600,000 3,000,000 4,000,000 
France* 30,000 > zs ИЗ | = 
Germany 85,524 72,555 ' 78,941 45,606"? 50,000 
India 950,000 1,000,000 1,100,000 1,200,000 1,100,000 
Iran^? 230,000 ' 249,495 ? 226,590 "? 240,000 ' 200,000 
Italy? 5,000 5,000 5,000 3,500 3,500 
Kazakhstan‘ 120,000 ' 130,000 ' 170,000 ' 170,000 ' 200,000 
Laos“ = 29,000 29,000 29,000 29,000 29,000 
Mexico 206,106 185,921 140,066 151,791 ? 134,493 ° 
Morocco“ 525,000 ' 500,000 ' 590,000 ' 520,000 ' 650,000 
Nigeria” í 6,300 5.000 5.000 5.000 5,000 
Pakistan ООО 45,169 48,044 ' 48,000 ' 49,000 ' 49.000 
На) 23,800 27,369 42,660 27,875: 81,087 " 
Киза ______ - = 63,000 63,000 63,000 63,000 60,000 
Slovakia, concentrate 16,000 11,000 12,950 8,000 ' 10,000 
DH... oe LL ек 45,000 35,000 s " - 
DOCE 4,549 ' 8,631 9,180 51,895 * 52.000 
Turkey РИИБИ 161,993 184,041 482,740 ' 213,187 ^^ — 250,000 
United Kingdom? — — ______ 50,000 55,000 50,000 50,000 50,000 
United States oo eoe 589,000 455,000 648,000 383,000 ° 662,000 ` 
Vietnam" НАУКЕ 100,000 " 120,000 " 90,000 ' 75,000 ' 85,000 
Other _ 4,708 КЕЛІСІНЕ 3,434" ып”. m 
7,910,000 ' 7,790,000' 8,570,000! 6430,000* 7.850,00 | 


Total 
*Estimated. "Preliminary. ‘Revised. -- Zero. 


!World totals, U 


2rable includes data available through June 23, 2011. 


Reported figure. 


S. data, and estimated data are rounded to no more than three significant digits; 


^Estimated marketable production, may differ from reported production data. 


5Data are for fiscal year beginning Ma 


rch 21 of that stated. 
Considerably more barite is produced, but it is considered to be commercially unusable. 


"Data for 2006-09 reported by Thailand Department of Primary Industries and Mines, data for 2010 from USGS. 


8Crude barite sold or used by producers. 


includes Afghanistan, 


Bosnia and Herzegovina, Chile, Colombia, Egypt, Guatemala, and Poland. 
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BAUXITE AND ALUMINA 
By E. Lee Bray 


Domestic survey data and tables were prepared by Linda M. White, statistical assistant, and the world production tables 


were prepared by Lisa D. Miller, international data coordinator. 


[п 2010, almost all of the 9.24 million metric tons (Mt) of 
bauxite consumed in the United States was imported. U.S. 
production and shipments of alumina (calcined equivalent) 


were 3.91 Mt and 3.93 Mt, respectively. An estimated 91% 


of domestic shipments was used for metal production. World 
production of bauxite totaled 209 Mt; the leading producing 
countries were, in descending order of production, Australia, 
China, and Brazil. World production of alumina was estimated 
tobe 85.3 Mt; China, Australia, and Brazil were, in descending 
order, the leading producing countries. 


.. Production 


Bauxite. —For many years, domestic mines have supplied less 


than 1% of the U.S. requirement for bauxite, all of which was 


used in nonmetallurgical products, such as abrasives, chemicals, 
roppants, and refractories. Thus, the United States imported 
almost all the bauxite that it required. 

Alumina.—U.S. production of alumina, which was derived 
exclusively from imported metallurgical-grade bauxite, was 
65% higher in 2010 than in 2009 (table 2) owing to the restart 
ofidled capacity in the fourth quarter of 2009 at a refinery in 
Gramercy, LA, and increased production at other refineries. 
Alumina production increased to satisfy domestic consumption, 
s net imports declined from those of the prior year. In October, 
yer labor contract with Noranda Aluminum Holding Corp. 
Was ratified by employees represented by the United Steelworkers 
Union, The contract covered approximately 350 employees at 
the |.2-million-metric-ton-per-year (Mt/yr) alumina refinery in 
Gramercy (Noranda Aluminum Holding Corp., 2010). 


Consumption 


el Denk production and consumption data for 
Weis а 2” were obtained Бу the U.S. Geological 
uA is | ее voluntary surveys. The “Bauxite 
4. Survey was sent to 31 operations, 24 of which 
ie n approximately 89% of the bauxite 
зерии — other than cement listed in table 4. 
rad n У consumption of bauxite increased by 6894 
4. is of 2009 as a result of the production restart 
olere pu late in 2009 and increased production 
ШЫ. . 2010, 99% of the bauxite consumed in 
Wei ton ^ His refined to alumina [an estimated 2.33 
nin) the iliis bauxite was required to produce 1 t of 
iin E 4. 1% was consumed іп nonmetallurgical 

uming,— 
"йаш, ta estimated 92% of the net alumina imports 

| Pped by U.S. alumina refineries went to pri 

о primary 


ЕШ smelters f 
n. In 2010, nine domestic 


Pina PE Or metal productio 
smelters consumed 3.45 Mt of alumina 


BA 
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the same amount of alumina consumed in 2009. Consumption 
of various forms of alumina by the abrasives, chemicals, 
refractories, and other specialty industries accounted for the 
remainder of U.S. alumina use. 


Prices 


Most metallurgical-grade bauxite and alumina were purchased 
under long-term contracts, and contract terms normally were 
not made public. Spot prices for metallurgical-grade alumina 
and specialty forms of bauxite and alumina for nonmetallurgical 
applications, however, were published in trade journals. 

The 2010 annual average values of U.S. imports of 
metallurgical-grade bauxite (table 5) were essentially unchanged 
compared with those of 2009. Alumina prices generally 
followed the trend in aluminum prices. The 2010 average value 
of U.S. imports of calcined alumina was $407 per metric ton 
including cost, insurance, and freight at U.S. ports. The monthly 
average prices for metallurgical-grade alumina are listed in table 
6. Yearend price ranges for refractory-grade bauxite in China, a 
leading supplier, as quoted in Industrial Minerals (2010b), are 
listed in table 7. . 


World Industry Structure 


Production.—In 2010, world production of bauxite increased 
by 796 compared with that of 2009 (table 11). Total mine 
production of 209 Mt was reported from 25 countries. The leading 
producers of bauxite were, in decreasing order of tonnage mined, 
Australia, China, Brazil, India, and Guinea. These countries 
accounted for 84% of total world production; Australia, China, 
and Brazil together accounted for two-thirds of the world's 
production. World output of alumina increased by 11% in 2010 
compared with that of 2009 (table 12). The five leading producing 
countries were, in descending order of quantity of alumina 
produced, China, Australia, Brazil, India, and the United States. 
These countries accounted for more than three-quarters of world 
production; China and Australia together accounted for 57%. 

Mergers, Ácquisitions, and Restructuring.—Norsk Hydro 
ASA (Oslo, Norway) and Vale SA (Rio de Janeiro, Brazil) 
announced a deal in May in which Norsk Hydro would purchase 
Vale's bauxite, alumina, and aluminum assets in Brazil in 
exchange for $1.1 billion in cash plus $3.8 billion in Norsk 
Hydro stock. As a result of the transaction, Vale would own 
22% of Norsk Hydro; Norsk Hydro would own 51% of the 
460,000-metric-ton-per-year (t/yr) Albras smelter; and Norsk 
Hydro would increase its share of the 6.3-Mt/yr Alunorte 
refinery to 9196 from 3496 and of the 1.86-Mt/yr Companhia 
de Alumina do Para (CAP) refinery project to 8196 from 
20%. Norsk Hydro would also gain ownership of 60% of the 
Paragominas bauxite mine (9.9 Mt/yr capacity) with an option 
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to purchase the remaining 4096 of the mine by yearend 2015 
(Norsk Hydro ASA, 2010a; Platts Metals Week, 2010b). The 
companies had planned to complete the transaction by yearend 
but closing was delayed until early in 2011 awaiting regulatory 
approval (Norsk Hydro ASA, 20105). 

Rio Tinto plc sold its 80% share in the Ghana Bauxite 
Co. Ltd. to Bosai Minerals Group Co. Ltd. in February. The 
Government maintained its ownership of 2096 of the 800,000- 
t/yr Awaso Mine (Rio Tinto Alcan Inc., 2010b). 


World Review 


Australia.—The Australian Government announced that 
it was deferring implementation of a cap-and-trade program 
aimed at reducing greenhouse gas emissions. The proposal was 
withdrawn in April because of a lack of agreement in Parliament 
(Australian Department of Climate Change, 2010). The proposal 
would have included provisions for the aluminum industry and 
other emission-intensive industries to mitigate the costs during 
the first several years of implementation. 

Work on expansion of BHP Billiton's Worsley refinery to 4.6 
Mt/yr from 3.5 Mt/yr continued throughout the year. Completion 
was projected for early 2011 (BHP Billiton Ltd., 20102). 

Rio Tinto announced in November that expansion of the Yarwun 
refinery to 3.4 Mt/yr from 1.4 Mt/yr was being accelerated and was 
expected to be completed in August 2012. Work had been slowed 
during 2009 in response to the global financial downturn (Rio Tinto 
Alcan Inc., 2010c). Production at the Gove refinery was slightly 
lower than that of 2009 owing to unplanned maintenance in the 
first quarter. Production from the 3.85-Mt/yr Queensland refinery 
was 396 lower than that of 2009 owing to bad weather in the first 
quarter. Rio Tinto increased production of bauxite from the Weipa 

8.6 Mt in 2010 from 16.2 Mt during 2009 to meet 


Mine by 15% to 1 | Mtd 
global demand for alumina production as prices increased 


:o Tinto plc, 20102, p. 4; 2011, p. 15). 
5 Corp. of China Ltd. (Chinalco) decided not to 
proceed with construction of the Aurukun project in Queensland 
because of high costs and market conditions. The project would 
have included a 10-Mt/yr bauxite mine and a 2.1 -Mt/yr alumina 
refinery. Chinalco was discussing future development of the 
project under new terms with the Queensland government 
(Aluminum Corp. of China Ltd., 2011, p. 98). Е 

Brazil.—Alcoa World Alumina and Chemicals [a son 

e between Alcoa (60%) and Alumina Ltd. (40 >! 

Mns duction at the Juruti Mine, which 


i to ramp-up pro | 
continued spice 2009. At capacity, the mine was expected 


2.6 Mt/yr of bauxite that would be sent to the Alumar 
São Luis (Matthews, 2010). 

of the Alumar refinery to 3.6 Mt/yr from 1.5 Mt/yr 
d in July 2009, and production ramp up continued 
on at full capacity was expected to be 
d of during the first quarter of 2010 
loading facilities. The refinery 
(38.496), BHP Billiton 

Tinto (1096); Alcoa was the 


opened in 
to produce 
refinery in 
Expansion 
complete | 
л 2010. Producti 
reached in mid-2011 instea | 
because of issues with the $ "1 ын 
was а joint venture between Alc 


Vale continu 
capacity. would produc 
2012 to be supplied to t 
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Work also continued on the CAP refinery, which was expected 
to be completed and begin production by yearend 2012, with an 
initial production capacity of 1.9 Mt/yr. The refinery was a joint 
venture among Vale (61%), Norsk Hydro (2096), and Dubai 
Aluminium Co. Ltd. (Dubal) (1996) (Norsk Hydro ASA, 2011, 
p. 50—52; Vale SA, 2011). 

Bauxite production by Міпегаѕс̧ӣо Rio do Norte SA (МЕУ) 
increased to 17 Mt, 1596 higher than the amount produced 
in 2009, as its mines at Oriximina, Papagalo, and Trombetas 
restarted idle capacity (Vale SA, 2011). MRN had a capacity to 
produce 19.8 Mt/yr of bauxite and was a joint venture among 
Vale (40%), BHP Billiton (14.8%), Rio Tinto (12%), Companhia 
Brasileira de Aluminio (10%), Alcoa (8.6%), Alcoa World 
Alumina (5%), Norsk Hydro (5%), and Abalco (4.6%). 

Canada.—Production from the 1.5-Mt/yr Vaudreuil refinery 
in Jonquiere, Quebec, increased during 2010 after a restart of 
idled capacity in September 2009 as prices for alumina and 
aluminum increased. During the third quarter of 2010, the refinery 
was producing near its capacity (Rio Tinto plc, 2010b, p. 4, 15). 
An expansion project for the refinery’s waste disposal facility 
was started in November and was expected to be completed in 
approximately 3 years (Rio Tinto Alcan Inc., 2010a). 

Exploration Orbite V.S.P.A. Inc. continued construction of 
a pilot plant to test the recovery of alumina from aluminous 
clays near Grande- Vallee, Quebec. The pilot plant at Cap-Chat, 
Quebec, was to be operational early in 2011 (Exploration Orbite 
V.S.P.A. Inc., 2010). 

China.—In June, Chinalco announced plans to permanently 
close 1 Mt/yr of obsolete alumina refining capacity by 2011 in 
order to comply with energy conservation and emission control 
directives (China Metal Market—Alumina & Aluminum, 
2010b). In July, Chiping Xinfa Aluminum Co. Ltd. was ordered 
to shut down approximately 200,000 t/yr of aluminum capacity 
and 320,000 t/yr of alumina capacity at its smelter and refinery, 
respectively, in Liaochen, Shandong Province. The closures 
were implemented during the third quarter (China Metal 
Market —Alumina & Aluminum, 2010c). | 

In June, Chinalco completed an 800,000-t/yr refinery in 
Zunyi, Guizhou Province. An adjacent |.7-Mt/yr sere | 
mine was also completed (CRU Alumina Monitor, 201 ya 
Aluminum Corp. of China Ltd., 2011, p. 60). In Septem m 
Chinalco commissioned an 800,000-Uyr refinery in 2. 
Chongqing. The refinery would use bauxite from кол. 
which reportedly contain 100 Mt of reserves. je a rand 
to 1.6 Mt/yr was being planned, with a 400,000- t x 
fabrication facilities also proposed in Chongqing (Am 2011 
Metal Market, 20106; Aluminum Corp. of China Ltd., 29! ^ 
p. 60). 

Nanshan Longkou Dong 
400,000-t/yr expansion in May an 
another expansion at its Shandong refinery. Al 
the refinery would increase to 1.6 Mt/yr 1. - Metals We ec 
the expansion ts completed in early 201 l ( ит Co. Ltd. 
2010a). In September, Guangxi Huayin Gu "ry in Huayi 
started production from an expansion at Its Te : p 
Guangxi Province. The project increased ied 
from 1.6 Mt/yr (CRU Alumina Monitor, 20104). 


hai Alumina Co. Ltd. completed 2 


А . n 
d was continuing work or Қ 
umina capacity 


—2010 
RBOOK 
U.S. GEOLOGICAL SURVEY MINERALS YEA 


d 
tn 
Lj 
h 
|! 


| 
{ 
k 
ї 
T 
г 
| 
| 


| 


; 


ic 


In July, Shanxi Luneng Jinbei Aluminum Co. Ltd. completed the 
fist phase of an expansion project at its alumina refinery. A second 
phase expansion was underway, which was to be completed in May 
2011 and would increase capacity to 2 Mt/yr from 1 Mt/yr 
(China Metal Market—Alumina & Aluminum, 20106). Also in 
July, Вова! Minerals completed an expansion of its alumina refinery 
in Nanchuan, Xianfeng Province, to 600,000 t/yr from 300,000 t/yr. 
Anadditional expansion was expected to be completed in 2011 and 
would increase capacity to 800,000 t/yr (CRU Alumina Monitor, 
2010c). Yunnan Aluminum Co. Ltd. completed construction of a 


‚ 400,000-V/yr alumina refinery in Wenshan, and production started 


during the fourth quarter. The capacity of the refinery was to be 
expanded to 800,000 t/yr by 2012. Bauxite was being supplied from 
amine owned by Yunnan near the refinery (China Metal Market— 
Alumina & Aluminum, 2010h). 

Guizhou Guanglu Aluminium Co. Ltd. continued construction 
ofan 800,000-t/yr alumina refinery and powerplant in 
Qingzhen, Guizhou Province (Jiangsu New Century Jiangnan 
Environmental Protection Co., Ltd., 2010). The project was 
scheduled for completion by 2012, with production at full 
capacity expected by mid-2012. 

Guangdong Galuminum Group Ltd. continued construction 
ofan 800,000-t/yr alumina refinery in Qingzhen, Guizhou 
Province. The project was scheduled to be completed in mid- 
2011. The company was also developing a mine to supply to 
the refinery at a nearby bauxite deposit with 360 Mt of reserves. 
The mine would have a capacity of 1.6 Mt/yr when completed 
at the beginning of 2012 (China Metal Market—Alumina & 
Aluminum, 20104). 

Louyang Xiangjiang Wanji Aluminium Ltd. started work on an 
expansion of its alumina refinery in Louyang, Henan Province, 
during the second quarter of 2010. Capacity would increase to 
14 Mt/yr from 800,000 t/yr when completed at yearend 2011 
ү Alumina Monitor 20104). Shanxi Zhaofeng Aluminium 
E 4d. started expansion of its alumina refinery in Shanxi 
ina Сыр И Uyr. The project was expected 
ed diea eee и Week, 2010c). In 
his i pus m uw. infa started construction of an 
VN ШЫ. d Ao Province. The refinery would 
completed by не: У is 4 Mt/yr and was expected to be 
Alin, 20108, ја (China Metal Market—Alumina & 
— p. кыбы у Chinalco started construction 

tipi Province, wh uangxi alumina refinery in Pingguo, 

‚ Which would increase capacity to 2.5 Mt/yr 
Tom 2 Миуг. The refinery would al Д д Зи 
oxide from the red deuda also attempt to recover iron 
ide to be reco, , with an expected 220,000 t/yr of iron 
| ered. Expansion of the adj: lumi 
smelter would SPAM a jacent aluminum 
Ü (China Meta vena pacity to 550,000 Uyr from 150,000 
билед, А, iine ro Aum & Aluminum, 20102). 
© Court ruling upheld the 2006 sale 


Of the Frigy; 
S Же and adjacent mine to United Company 
atthe sale of the у Government had filed suit alleging 
Not legal, A owe esso 0-/уг refinery by the prior regime was 
court had ruled in favor of the Government in 
пей Company RUSAL, 20105). 


September 2009 (0 
umina production from the F riguia 


к usal increased al 
nery by 13% compared with 


0 creasing demand 


| alumina 
ээн production in 2009 as a result 
Prices. Bauxite production from the 
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Friguia and Kinda Mines also increased by 14% each (United 
Company RUSAL, 2011, р. 33-35). . 

The Sangaredi Mine produced 12.4 Mt of bauxite during the 
year, 1194 more than the 11.2 Mt produced in 2009. Production 
at the mine increased during the fourth quarter of 2009 as prices 
and demand increased. The mine, with a capacity of 14 Mt/yr, was 
producing at a rate of 12.6 Mt/yr at yearend. The mine was a joint 
venture among the Government (49%), Alcoa (22.95%), Rio Tinto 
(22.95%), and Dadco Group (5.196) (Rio Tinto plc, 2011, p. 15). 

Global Alumina Corp. delayed construction of its planned 
bauxite mine and alumina refinery until further notice. 
Construction of the refinery, which would have a capacity of 3.3 
Mt/yr and would use bauxite from deposits for which Global 
Alumina had mining concessions, had been delayed since 2009 
because of the global financial downturn. The project was a joint 
venture with BHP Billiton, Dubal, and Mubadala Development 
Co. (Global Alumina Corp., 2010). 

Hungary.—A spill of red mud occurred on October 4 at 
the Magyar Aluminium Ltd. alumina refinery in Ajka. The 
400,000-t/yr refinery shut down when the impoundment dam 
failed. The flood of red mud flowing through nearby villages 
killed 10 people and injured more than 100 others. Production 
was restarted on October 17 (Earth Times News, 2010; Gulyas, 
2010; Magyar Aluminium Ltd., 2010). 

India.—National Aluminium Co. Ltd. was working to 
complete expansion of its refinery in Damanjodi by early 2011. 
The project would increase production capacity to 2.1 Mt/yr 
from 1.6 Mt/yr (National Aluminium Co. Ltd., 2010, p. 8). 

Hindalco Industries Ltd. continued progress on several 
major expansion projects. The Belgam refinery was ramping 
up production to 316,000 t/yr from 138,000 t/yr. Construction 
of the 1.5-Mt/yr Utkal alumina refinery was continuing, with 
production scheduled to start in July 2011. Planning continued 
for the Aditya aluminum complex in Orissa, which would have 
a 359,000-t/yr smelter, a 1.5-Mt/yr alumina refinery, and a 
900-megawatt (MW) captive powerplant. Completion of the 
smelter was planned for October 2011, and completion of the 
refinery was expected in 2013 (Hindalco Industries Ltd., 2010). 

Vedanta Resources plc was awaiting mining permits for the 
Niyamgiri Mine, expected to be the main source of bauxite for 
the Lanjigarh refinery. As a result, expansion of the Lanjigarh 
refinery to 2 Mt/yr from 1.4 Mt/yr was put on hold, and work 
on the 325,000-t/yr Korba III smelter and the 125,000-t/yr 
Jharsuguda II smelter was also suspended temporarily (Vedanta 
Resources plc, 2010). 

Indonesia. —PT Aneka Tambang (Antam) ended production 
from the Kijang Mine in late 2009 and began reclamation work 
on the site, although sales of stockpiled bauxite continued 
throughout 2010. Construction of a 300,000-t/yr chemical-grade 
alumina refinery at Tayan was expected to begin in April 2011, 
and the refinery was expected to begin production in early 2014. 
Bauxite for the refinery would come from a nearby deposit that 
was being developed. In addition to the Tayan prospect, Antam 
continued exploration for bauxite in several other prospects in 
West Kalimantan (PT Aneka Tambang, 2011, p. 6, 14). 

Ireland.—Rusal increased the production rate at the 
Aughinish alumina refinery to its full capacity of 1.5 Mt/yr as 
prices rose during the year. Production in 2010 was 1.85 Mt, 
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49% higher than the 1.25 Mt produced during 2009 (United 
Company RUSAL, 2011, p. 33-34). 

Jamaica.—Rusal restarted production at the Ewarton alumina 
refinery in June, as prices rose during the year. Alumina 
production for the year was 238,000 t, 56% higher than the 
153,000 t produced during 2009. Bauxite production was 
900,000 t in 2010, compared with the 100,000 t produced in 
2009. Production at the refinery and nearby mine had been shut 
down in the first quarter of 2009 in response to falling prices and 
demand (United Company RUSAL, 2010a; 2011, р. 33-35). 

Kazakhstan.—Eurasian Natural Resources Corp. (ERNC) was 
expanding the capacity of its alumina refinery to 1.7 Mt/yr from 
1.25 Mt/yr. Completion of the project was scheduled for mid-2011 
and would supply ENRC's nearby smelter, where an expansion 
project was completed in May 2010, in addition to supplying other 
customers (Eurasian Natural Resources Corp., 2010, p. 17). 

Montenegro.— Central European Aluminum Co. continued to 
modernize its Podgorica smelter and alumina refinery. Although 
originally planned for completion by yearend, some work was 
delayed until early 2011. Capacity of the smelter would increase 
to 156,000 t/yr from 120,000 t/yr, and capacity of the alumina 
refinery would increase to 400,000 t/yr from 280,000 t/yr 
(Central European Aluminum Co., 2010). 

Russia.— Production of alumina in Russia was slightly higher 
in 2010 than that in 2009. Bauxite production was 5% less than 
that in 2009 owing to lower output at the North Urals Mine. 
Reserves near the surface were nearing depletion in two areas 
of the deposit. Rusal was developing an underground expansion 
of the mine that would extend the life of the mine, although a 
completion date was not announced (United Company RUSAL, 


2011, p. 33-35). 


Saudi Arabia.—1n October, Saudi Arabian Mining Co. 


(Ma'aden) and Alcoa began construction of the 740,000-/уг 
Raz as Zawr smelter and 380,000-t/yr rolling mill. The project, 
expected to be completed in 2013, also included a 4-Mt/yr | 
bauxite mine at Al Ba’itha and a 1.8-Mt/yr alumina refinery in 
Raz as Zawr that were expected to be completed in 2014. The 
smelter would use imported alumina until the mine and refinery 
are completed. Ma’aden owned 74.9% of the joint venture, and 


d 25.196 (Alcoa Inc., 2010). 
E pe E Mining Co. was working to expand 
bauxite production to 750,000 t/yr from 400,000 t/yr by yearend 
2011. Demireller mined bauxite from two sites in the Taurus 
Mountains near Mersin and planned to produce bauxite at other 
sites. The company has 10 Mt of bauxite reserves in the region 


: ‘nerals, 2010а). 
нган auction from Corporacion Venezolana de 


иле ilum) 6-MUyr Los Pijiguaos 
Guayana н о ini July as a result of low 
Mine was shu the Orinoco River. Mining and shipments resumed 
water levels In levels rose. The river was used to ship bauxite to 
in J uly as iu Мут Ciudad Guayana alumina refinery. Alumina 
Bauxilum’s ic dad Guayana continued at a lower rate using 
production "о hile shipments from Los Pijiguaos 


bauxite imported from Brazil w 


‚ап Metal Market, 2010a). | 
i suspende? (Amer Vietnam National Coal and Mineral 
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down from May th 


- [n February, : 
Vietnam. In | Y inacomin) and Chinalco started construction 
Industries Group ry and an adjacent bauxite 


ofa 600,000-t/yr alumina refine 
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mine in Lam Dong. The refinery and mine were expected 

to be completed in 2012 (China Metal Market—Alumina 

& Aluminum, 2010g). Vinacomin and Chinalco were also 

constructing a 650,000-t/yr alumina refinery in Nhan Co, Dak 

Nong Province. The refinery and mine were expected to be 

completed in mid-2013 (ABN Business News, 2010). 
Atlantic Ltd. continued studies on developing the Bao Loc 

bauxite deposit. Studies for a refinery and smelter would also be 

conducted if a bauxite mine proved feasible (Atlantic Ltd., 2010). 


Outlook 


Consumption of bauxite and consumption of alumina were 
expected to closely follow the trend of aluminum consumption. 
Alumina prices generally continued their upward trend in the 
first quarter of 2011, exceeding the high price range of early 
2008, but remained volatile. At yearend, one domestic alumina 
refinery that had been closed since 2006 was considering 
reopening to meet increasing demand, and in early 2011, the 
company announced that the refinery would reopen later in 
the year. Consumption of bauxite and consumption of alumina 
in emerging economies were expected to increase as these 
economies continue to recover from the effects of the global 
recession. However, policies aimed at slowing growth in China 
may slow the rate of growth of consumption of aluminum in that 
nation, affecting bauxite and alumina demand. 

Consumer credit issues іп the United States and Western — 
Europe were expected to continue through 2011. The continuing 
uncertainty of the impact of sovereign debt issues in Europe also 
raised concerns about consumer demand. Although consumption 
was recovering, decreased demand for aluminum in developed 
economies still recovering from the economic events of 2008 
could keep global bauxite and alumina production for 2011 | 
through 2012 only slightly higher than 2008 production. Easing 
of credit to bauxite and alumina companies was expected to 
enable more expansion projects to resume progress in m 
parts of the world, especially in locations with substantia 


deposits of high-quality bauxite. 
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TABLE ! 
SALIENT BAUXITE STATISTICS! 


(Thousand metric tons) 


*Estimated. ‘Revised. 


1 deu 
Data are rounded to no more than three significant digits. 


ааа 2006 2007 2008 2009 2010 
Exports, as shipped: 
Crude and dried 20 15 14 9 21 
Calcined 14 8 10 21' 19 
Imports for consumption, as shipped: 
Crude and dried 11,600 9,840 10,500 6,970 8,120 
Calcined 752 808 1,110 461 690 
Consumption, dry equivalent 12,300 10,200 9,550 5,490 ' 9,240 
World, production 193,000 204,000 211,000 196,000 " 209,000 * 


TABLE 2 


SALIENT ALUMINA STATISTICS' 


(Thousand metric tons) 


nse ee Ta a at la N, S 
2006 2007 2008 2009 2010 
United States: A T—————————————————————— =“ 
Production: 
Calcined alumina 4,630" 3,770 3,900 2,130 ' 3,570 
Other alumina 619" 717 610 370 ! 522 
Total: 
As produced or shipped" 5,250 ' 4,490 4,510 2,500 ' 4,100 
4,300 2,370 ' 3,910 


Calcined equivalent 


Shipments: 


5,030 " 4,240 ` | 


Calcined alumina 4,580 3,770 3,910 2.130 ' 3,580 
Other alumina 564 667 582 365 ' 526 
Total: 
As produced or shi ed 5.150 4,440 4,490 2,500 ' 4,110 
Calcined equivalent 4,950 4,200 4,290 2,370 ' 3,930 
Stocks, yearend ^" 948 ' 446 ' 642 ' 257 ' 250 
Imports for consumption’ 1,860 2,440 2,530 1,860 1,720 
Exports 1,540 1,160 1,150 946 1,520 
Consumption, apparent^" 5.240 ' 6,010 ' 5.490 ' 3,660 ' 4,120 


82,500 ' 


76,700 ‘ 


85,300 * 


World, production" 72.400 ' 77,900 ' 


*Estimated. Revised. 


Шаба are rounded to no mo 
?Trihydrate, activated, tabul 
3Includes only the end pro 
^Excludes consumers stocks other 
5Calcined equivalent. 

Spefined as domestic pro 


re than three significant digits. 


ar, and other aluminas. Excludes calcium and sodium aluminates. 
duct if one type of alumina was produced and used to make another type of alumina. 
than those at primary aluminum plants. 


duction plus imports minus exports plus adjustments for industry stock changes. 
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TABLE 3 
CAPACITIES OF DOMESTIC ALUMINA PLANTS, DECEMBER 31 Vs 


(Thousand metric tons per year) 


Company and plant 2009 

Alcoa Inc., Point Comfort, TX 2,300 
Noranda Alumina LLC, Gramercy, LA 1,200 ' 
Ormet Corp., Burnside, LA 540" 

Sherwin Alumina Co., Corpus Christi, TX? 1,600 
Total 5,640 " 


‘Revised. 

‘Capacity may vary depending оп the bauxite used. 

?Data are rounded to no more than three significant digits; may not add to totals shown. 
Owned by Glencore International AG. 


TABLE 4 
U.S. CONSUMPTION OF BAUXITE, BY INDUSTRY ' 


(Thousand metric tons, dry equivalent) 


Industry 2009' 2010 
Alumina 5,330 9,110 
Other? 153 137 

Total 5,490 9,240 
"Revised. 


'Data are rounded to no more than three significant digits; 
may not add to totals shown. 


"Includes abrasive, chemical, and refractory uses. 


TABLE 5 


2010 
2,300 
1,200 
540 
1,600 
5,640 


AVERAGE VALUE OF U.S. IMPORTS OF CRUDE AND DRIED BAUXITE' 


(Dollars per metric ton) 


Delivered to 
U.S. ports 
c.i.f? 
48.32 
47.92 
34.03 


2009 2010 
Port of Delivered to Port of 
shipment U.S. ports shipment 
Country fa.s? c.i.£? f.a.s? 
Brazil 35.53 48.84 28.47 
Guinea 32.69 _ 46.86 27.78 
Jamaica 20.78 24.24 25.88 
Sierra Leone 00- 29.50 ' 42.00 ' = 
Weighted average | 29.80 50.97 ' 29.41 


'Revised. -- Zero. 


50.60 


| 4. ; К 
Computed from quantity and value data reported to U.S. Customs Service and compiled by the 
U.S. Census Bureau. Not adjusted for moisture content of bauxite or differences in methods used by 


importers to determine value of individual shipments. 
2 . э i 
Free alongside ship valuation. 


3 
Cost, insurance, and freight valuation. 
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TABLE 6 
AVERAGE VALUE OF 


U.S. IMPORTS OF ALUMINA! 


(Dollars per metric ton) 


2000 — 200. 


January 322 384 
February 277 400 
March 248 418 
April 270 500 
May 295 419 
June 292 425 
July 324 398 
August 399 352 
September 314 402 
October 400 393 
November 360 400 
December — 11420 —  — 394 
Average 327 407 


' Metallurgical grade. cost. insurance. and 
freight valuation. Computed from quantity and 


value data reported to U.S. Customs Service 
and compiled by the U.S. Census Bureau. 


TABLE 7 
REFRACTORY GRADE BAUXITE PRICES 


(Dollars per metric ton) 


о 


Material 2009! _ 20107 
China: 


Guizhou Province, | rotary kiln, lump 390-410 470-525 
_ Shanxi Province, rotary kiln, lump 470-500 _ 495-535 


Shanxi Province, round kiln, lump 480-500 - _ 500-535. 


Guyana, rotary kiln, lump 


450-510 460—5 0 


! Port of shipment, 88% А10}, free-on-board ship valuation, 


yearend. 
?Port of shipment, 87% А1,Оҙ, free-on-board ship valuation, 


yearend. 


Source: Industrial Minerals. 


U.S. GEOLOGICAL SU 


RVEY MINERALS YEA 


TABLE 8 


U.S. EXPORTS AND IMPORTS FOR CONSUMPTION 
OF BAUXITE, CRUDE AND DRIED, BY COUNTRY! 


Country 
Exports: 
Canada 
Germany 
Venezuela 
Other 
Total 
Imports: 
Brazil 
Guinea 
Jamaica? 
Sierra Leone 
Other 
Total 
‘Revised. -- Zero. 


(Thousand metric tons) 


2009 2010 
6° 15 

(2) (2) 

(2) ] 
2" 6 

9! 21 
1,410 1,640 
1,910 2,130 
3,200 4,300 
308 -- 
152 ' 45 
6,970 8,120 


'Data are rounded to no more than three significant digits; 
may not add to totals shown. 


?Less than % unit. 


?Data from the Jamaica Bauxite Institute. 


Note: Total U.S. imports of crude and dried bauxite as 
reported by the U.S. Census Bureau were as follows: 
2009—6.77 million metric tons (Mt) and 2010—5.19 Mt. 


TABLE 9 


U.S. EXPORTS AND IMPORTS FOR CONSUMPTION OF CALCINED BAUXITE, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


2009 


Refractory grade 


Revised -- Zero. 


Other grade 


2010 
Refractory grade 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Value at foreign port of shipment as reported to U.S. Customs Service. 


"Less than unit. 


BA 
VATE AND ALUMINA—2019 


in 


Other grade 


____Сошшу | Quantity Value? — Quantity — Value? | Quantity — Value? — Quantity — Value? 
Exports: 
Canada 7 748 (3) 30 8 891 35 
Korea, Republic of 11 8,800 = a - -- - -- 
Mexico 1" 563 (3) 602 ] 265 8 5,740 
Other 1 125 ' (3) 17 (3) 228 | 242 
Total 20 10,200 1 649 9 1,380 10 6,020 
Imports: 

Australia P = 17 1,040 -- - 85 1,910 
Brazil —  — 114 54,300 46 1,680" 167 76,000 70 3,270 
Ching 12 6,90! 11 6240" 74 34,000 3 677 
Greece O O o 74 3,880 ' 55 E: 104 5.650 -- = 

Guyana 21 8,640 164 9,560! 37 14,200 148 9,980 

Other (3) 29° 1 50° 1 45 2 126 
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TABLE 10 


U.S. EXPORTS AND IMPORTS FOR CONSUMPTION OF ALUMINA, 
BY COUNTRY! 


(Thousand metric tons, calcined equivalent, and thousand dollars) 


2009 2010 
m рал NR 
Country Quantity Value? Quantity Value? 
Exports: 


Other 28" 58,200 


Манас мышлы эле 

шоа 120 103,000 

Total 1,860 613,000 1,720 711,000 
"Revised. -- Zero. 


WE -- а 
oe are rounded to no more than three significant digits; may not add to totals shown. 
Value at foreign port of shipment as reported to U.S. Customs Service. 


Less than '^ unit. 


Canada 332 109,000 719 238,000 
France 125 37,800 58 25,500 
Iceland 277 63,200 217 63,300 
Mexico 57 38,000 83 50,000 
Netherlands | 2 7,750 182 60,000 
Norway 79 17,100 (3) 233 
Other 74! 215,000 265 287,000 

Total 946 488,000 1,520 724,000 

Imports: 

Australia 700" 159,000 572 163,000 
Brazil 367 87,300 233 72,400 
Canada 48 51,200 62 41,600 
France 12 20,900 23 30,600 
Germany 71 84,100 81 109,000 
Jamaica 248 62,300 84 30,000 
Suriname 381 90,300 488 143,000 
Venezuela 55 = 56 18,200 


120 103,000 
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TABLE 11 
BAUXITE: WORLD PRODUCTION, BY COUNTRY ^ 


(Thousand metric tons) 
Country 2006 2007 2008 2009 2010* 
Australia 61,780 62,398 61,389 65,231 68,414 ? 
Bosnia and Herzegovina 854 867 1,018 556 ' 650 
Brazil 23,236 25,461 28,098 25,628 ' 28,100 ? 
China 27,000 30,000 35,000 40,000 44,000 
Dominican Republic 500 500 400 -- es 
Ghana 842 748 802 ' 440 170 
Greece 2,163 2,126 2,176 2,100 2,100 
Guinea’ 18,784 18,519 18,400 15,600 17,400 
Guyana’ 1,479 2,243 2,092 1,760 1,760 
Hungary 538 546 511 317 350 
India 13,940 20,343 21,210 16,000 18,000 
Indonesia 1,502 1,251 1,152 811' 105 ? 
Iran 500 500 500 500 500 
Jamaica* ` 14,865 14,568 14,363 7,817 8,540 ? 
Kazakhstan 4,884 4,963 ' 5,160 5,130 5.310 ? 
Malaysia 92 157 295 263! 270 
Montenegro 659 667 672 46 61? 
Mozambique 11 9 5 4 5 
Pakistan 13! 277 32! 37! 39 
Russia 6,300 5,775 5,675 5.715 5475? 
Sierra Leone | 1,071 1,169 954 757 1,089 ? 
Suriname _ 4,924 5,054 5,200 4,000 4,000 P 
Tanzania 5 5 21' 123 ' 130 
Turkey’ 771 344 350 * 200 ' 350 
United States 00-0 NA NA NA NA NA 
Venezuela | | (000220 5,928 5,500 5,500 * 2,500 * 2,500 ? 
Vietnam" 60 ' 80 ' 80 ' 80 ' 80 
Total 193,000 204,000 211,000 196,000 ' 209,000 


Estimated. "Preliminary. ‘Revised. NA Not available. -- Zero. 


'World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
"Table includes data available through July 28, 2011. 
Reported figure. 


Dry bauxite equivalent of crude ore. 


"Bauxite processed for conversion to alumina in Jamaica plus kiln-dried ore prepared for export. 


Montenegro and Serbia formally declared independence in June 2006 from each other and dissolved their union. 
"Public- -sector production only. 
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TABLE 12 
ALUMINA: WORLD PRODUCTION, BY COUNTRY? 3 


(Thousand metric tons) 

Country 2006 2007 2008 2009 2010* 
Australia 18,312 18,844 19,321 19,948 19,956 * 
Azerbaijan 363 185 165 80 ^* - 
Bosnia and Herzegovina 394 ' 304 294 192' 230 
Brazil 6,793 7,078 ' 7,822 ' 8,625 ^^ 9,000 
Сапада 1,281 1,300 * 1,370 1,125 1,301 4 
China* 13,700 19,500 22,800 23,800 29,000 
France 600 600 630 4 348 4 4814 
Germany 1,393 1,388 1,395 1,154 1,485 4 
Greece 750 750 750 780 760 
Guinea 530 527 593 530 597 
Hungary" 301 301 299 185 200 
Оваа ВЕН 2,800 2,900 3,000 3,700 4,000 
асаа ызы 250 250 200 250 270 
Ireland 1,816 1,803 1,890 1,245 1,850 “ 
D шс 1,103 1,069 1,045 92 -- $ 
Jamaica С 4,099 3,941 3,996 1,774 1,591 ^ 
Japm*" | --- 330 300 320 310 300 
Kazakhstan || 1,515 1,556 1,600 1,608 1,640 * 
Montenegro — — — 237 240 220 59 -4 
Romanik СЕТ 622 23 -. 44 414 
___- CREER 3,265 3,333 3,112 2,794 2,857 * 
P e ИОРАН 1,000 1,500 1,500 1,500 1,500 
Suriname 2,153 2,270 2,156 1,178 1,200 
D MCA 150 * 160 160 100 ' 160 
Ukraine 1,672 1,656 1,673 1,524 1,534 * 
сше ш 5,030 ' 4,240 4,300 2,370 ' 3,910 * 
Coll э ыс с 1,892 * 1,900 1,900 1,370 ' 1,100 

Total NEC HUNE CINMNE I и 


"Estimated. "Revised. -- Zero. 


2 

World totals, U.S. | igni igi 

| r | otals, U.S data, and estimated data are rounded to по more than three significant digits; may not add to totals shown. 
Table includes data available through July 28, 2011. 


*Reported figure. 


2007—700,000; 2008— 700,000; 2 зіп metric tons: 2006— 720,000; 


SHydrate. 
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BERYLLIUM 
By Brian W. Jaskula 


Domestic survey data and tables were prepared by Eraina C. Dixon, statistical assistant, and the world production table was 


prepared by Lisa D. Miller, international data coordinator. 


US. mine shipments of beryllium ore in 2010 increased 
by 50% from those of 2009, and ore consumption for the 
. production of beryllium hydroxide increased by 33% (table 1). 
Defense Logistics Agency, DLA Strategic Materials of the 
US. Department of Defense (DOD) offered and sold selected 
_ beryllium materials from the National Defense Stockpile 
. (NDS). On the basis of estimated contained beryllium, total U.S. 
imports and exports of beryllium materials were higher than 
those of 2009. 
_ Вегу! 5 frequently stockpiled for later processing. China 
_ ithought to be а significant producer, but does not report its 
beryl production. As a result, world production and the U.S. 
. hare of world production have a high degree of uncertainty. In 
_ 2010, estimated world beryllium mine production increased by 
_ Al's compared with that of 2009 (table 4). The United States 
accounted for about 88% of estimated world production. 
Beryllium is gray in color and one of the lightest metals. 
lis other physical and mechanical properties—outstanding 
siffness-to-weight and strength-to-weight ratios, one of the 
highest melting points of all light metals, high specific heat, 
excellent thermal conductivity, outstanding dimensional 
stability over a wide range of temperatures, reflectivity, the 
lowest neutron absorption cross section of any metal and a 
high AED Seating cross section, and transparency to x 
пуз make it useful for many applications. Beryllium is used 
prmanly as beryllium-copper alloys, beryllium oxide ceramics, 
aoe iin in a wide variety of products in aerospace, 
at sins ns " n ds computer (computer chip 
vim "d s e ps (highly conductive and strong 
fuss ERU ome appliance (microwave guides), 
“Кы ны 2. апа bushings), Instrumentation 
medical, nuclear, oil and gas drilling, plastic 


molding, telec AA 
ommunications underse 1 
ina a and m rin 
applications, : arine, and other 


oe beryllium was ruled both a Strategic and a 
PRESE lal by the U.S. Department of Defense Strategic 
elim 2. Board. The Board found that domestic 

io D uction capabilities had abated and required the 
Omestic 11 BS special actions to maintain a long-term 
Secretary, 2009) >. "epartment of Defense, Office of the 
Only two Бени; 

У two beryllium minerals are of commercial importance 


lor the . 
ess ies d beryllium, Bertrandite, which contains 
mined in the United E ‚18 the principa] beryllium mineral 


bum, sha tates, Beryl, which contains about 4% 
ld. ашаны Line mineral mined in the rest of the 
Rogat ae a IXbite, emerald, goshenite, heliodor, and 
ш ет ша Бегу tms of the mineral beryl. More information 
Ty! and Chrysobery] can be found in the 


PEYLLIUM 2019 


_ 


Gemstones chapter of the U.S. Geological Survey (USGS) 
Minerals Yearbook, volume I, Metals and Minerals. 


Legislation and Government Programs 


Defense Production Act. —DOD, under its Defense 
Production Act Title III Program with Materion Corp. (formerly 
known as Brush Engineered Materials Inc.), continued with 
phase 2 of its Technology Investment Agreement for the 
construction and startup of a $90.3 million primary beryllium 
facility in Elmore, OH. The objective of the partnership between 
DOD and Materion was to ensure a long-term domestic supply 
of primary beryllium, the feed material used to make beryllium 
metal products. Materion was to provide assets, research and 
development, and technology valued at approximately $23.2 
million to the project, with the remaining balance to be funded 
by DOD. Construction was expected to be completed by early 
2011. Plant capacity was reported to be 73 metric tons per 
year (tyr) of high-purity beryllium metal, and approximately 
two-thirds of the facility's output was to be allocated for defense 
and Government-related end uses, with the remaining output 
going to the private sector (Smith Horn, 2008; Metal Bulletin, 
2010; Materion Corp., 2011a, p. 9). 

National Defense Stockpile.—The United States maintained 
a stockpile of strategic materials for use during a national 
emergency. As of December 31, 2010, the NDS goal for 
hot-pressed beryllium metal powder was 45 metric tons (t) 
(table 2). The Annual Materials Plan for fiscal year 2010, which 
represented the maximum quantities of beryllium materials 
that could be sold from October 1, 2009, through 
September 30, 2010, was as follows: 1 t of beryl ore 
(approximately 36 kilograms of beryllium content), actual 
quantity limited to remaining sales authority or inventory; and 
54 t of beryllium metal (table 2). The DNSC shipped 29 t of 
beryllium metal in 2010. NDS calendar yearend inventories of 
beryllium materials are listed in table 2 (U.S. Department of 
Defense, 2011, p. 6). 


Production 


Domestic production and consumption statistics for 
beryllium-containing ores, as listed in tables 1 and 4, were 
based on data collected by the USGS by means of two voluntary 
surveys of U.S. operations. A small number of unidentified 
producers may have shipped negligible quantities of byproduct 
beryl, but these have not been included. In 2010, domestic mine 
shipments were greater than those of 2009. 

The United States is one of only three countries known to 
process beryllium ores and concentrates into beryllium products. 
Materion converted bertrandite from open pit mines in the 
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Topaz-Spor Mountain region of Juab County, UT, along with 
imported beryl, into beryllium hydroxide at its operations near 
Delta, UT. Some of the beryllium hydroxide was shipped to 
Elmore, where Materion converted it into beryllium-copper 
master alloy (BCMA), metal, or oxide, and some was sold to 
МОК Insulators, Ltd. of Japan. 

As part of its effort to become a vertically integrated supplier 
of beryllium products, IBC Advanced Alloys Corp. (Vancouver, 
British Columbia, Canada) continued to focus on three distinct 
business areas in 2010—beryllium exploration, downstream 
manufacturing of beryllium products, and beryllium research. 
In September, Fugro Airborne Surveys Corp. (Leidschendam, 
Netherlands) completed an airborne geophysical survey of 
IBC’s prospective beryllium properties in Juab County, UT, 
Which are adjacent to Materion's beryllium mine at Spor 
Mountain. The results were expected to delineate the most likely 
areas of beryllium mineralization that, with subsequent ground 
investigation, would provide exploratory drill hole targets to 
begin quantifying IBC's beryllium resources (Metal-Pages, 
2010; IBC Advanced Alloys Corp., 2011, p. 9). 

In June, IBC entered into a 6-month arrangement with 
Hydrogen Link, a materials research company focused on 
hydrogen storage and fuel cell technologies, in a combined 
effort to research and implement the use of lithium beryllium 
hydrides and other metal hydrides for the Storage of 
hydrogen. By yearend, IBC was reviewing the possibility of 
commercializing beryllium-based hydrogen storage technology 
with potential industry partners (IBC Advanced Alloys Corp., 
2011, p. 7). 

IBC, in partnership with Purdue University and Texas A&M 
University, continued research into a new type of beryllium- 
oxide-(BeO-) enhanced nuclear fuel. IBC funded a 2-year, 
$500,000 research project by Purdue University's Department of 
Nuclear Engineering to investigate the possibility of producing 
a longer lasting, more efficient, and safer nuclear fuel by the 
addition of BeO to the uranium oxide pellet. Currently produced 
uranium oxide fuels, while stable and safe, are not efficient at 
conducting heat, which limits the power generated and causes 
fuel pellets to crack and degrade prematurely, necessitating 
replacement before the fuel has been entirely used. The addition 
of BeO may help cool the fuel pellet, allowing it to Operate at 
a lower temperature and be used for a longer time, resulting 
in a more efficient burning of the fuel. A lower temperature 
would also allow for safer, more flexible reactor operation. [f 
successful, the BeO-enhanced nuclear fuel pellet could increase 
demand for beryllium substantially (Mandel, 2008; Venere and 
Sequin, 2008; IBC Advanced Alloys Corp., 2011, p. 6). 

In September, junior mineral exploration company BE 
Resources Inc. (Toronto, Ontario, Canada) commenced drilling 
at its Warm Springs Beryllium Project in New Mexico. Five 
exploration boreholes were to be drilled in an effort to define the 
beryllium resource of the company's mining claims within New 
Mexico's Sierra and Socorro Counties. By yearend, assay results 
were reported for two of the five boreholes, with the remaining 
assays to be reported in 2011 (BE Resources Inc., 2010a, b). 
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ЕС 


Environment 


Because of the toxic nature of beryllium, various 
international, national, and State guidelines and regulations 
have been established regarding beryllium content in air, water, 
and other media. Industry must maintain careful control of the 
quantity of beryllium dust, fumes, and mists in the workplace, 
Control of potential health hazards adds to the final cost of 
beryllium products (Rossman, Preuss, and Powers, 1991, 

р. 277-281; Smith, Ingerman, and Amata, 2002, p. 11-15, 
193—200). 


Consumption 


U.S. apparent consumption of all beryllium materials, as 
calculated from mine shipments, net trade, and changes in 
Government and industry stocks, was estimated to be about 
456 t of contained beryllium in 2010, which was an increase 
of 164% from the 173 t calculated for 2009. The increase in 
apparent consumption was the result of increased shipments 
of beryllium metal from the NDS, increased imports of all 
beryllium materials and products, and increased shipments of 
bertrandite by Materion. 

Since the closure of Materion's primary beryllium production 
facility in Elmore in 2000, the company has met its beryllium 
metal requirements by purchasing materials from the NDS 
and foreign producers. Materion's Beryllium and Beryllium 
Composites unit manufactured products of beryllium metal 
and two families of metal-matrix composites—one made from 
aluminum and beryllium and the other made from beryllium and 
BeO. The products, in the form of foil, rods, sheets, tubes, and a 
variety of customized shapes, were produced at plants in Elmore 
and in Fremont, CA. Beryllium product sales increased by 32% 
compared with those of 2009. Key growth sectors were defense 
and science applications, primarily aerospace and missile 
Systems; industrial component and commercial aerospace 
applications; and medical and industrial x-ray applications. 
Sales of high-end beryllium speaker domes increased modestly 
in 2010 compared with those of 2009 (Materion Corp., 201 1a, 
p. 32-33). 

Materion's Beryllium and Beryllium Composites unit 
produced BeO ceramic products for aerospace, defense, 
electronics, medical, semiconductor, telecommunications, and 
wireless applications at its plant in Tucson, AZ. Sales of ceramic 
products increased by more than 50% in 2010 compared 
with those of 2009 owing largely to increased shipments for 
applications within the telecommunications infrastructure 
market (Materion Corp., 201 1a, p. 33). 

Materion’s Performance Alloys unit produced copper- and 
nickel-based alloy products, the majority of which contained 
beryllium. Alloy strip products (which were used as connectors, 
contacts, relays, shielding, and switches) and alloy bulk 
products (including bar, plate, rod, tube, and customized forms) 
were produced at plants in Elmore and in Shoemakersville, PA. 
In 2010, the total shipment volume of alloy strip products was 
3676 greater than that of 2009, owing to increased consumption 
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from the appliance, automotive electronics, and consumer 
electronics markets. The total shipment volume of bulk alloy 
products increased by 70% compared with that of 2009—largely 
owing to increased consumption from the commercial aerospace 
and industrial components markets, and the oil and gas sector of 
the energy market (Materion Corp., 2011a, p. 30-31). 

Materion had a long-term supply arrangement with JSC Ulba 
Metallurgical Plant (UMP), which was part of Kazakhstan's 
National Atomic Company Kazatomprom JSC, and its 
marketing representative RWE NUKEM, Inc. (Danbury, CT) 


_ fopurchase BCMA through 2011. In 2010, Materion purchased 
_ beyllium-containing materials valued at $2.7 million (Materion 


Corp., 2011a, p. 77). 

In 2010, as part of IBC's effort to develop downstream 
beryllium manufacturing capabilities, the company acquired 
Beralcast Corp., a privately held specialty alloy manufacturing 


_ business based in Nashua, NH, which owned proprietary 


and patented technology for a castable beryllium aluminum 
alloy currently used in a variety of aerospace and advanced 


technology applications. IBC previously acquired Specialloy 
_ Copper Alloys, LLC (New Madrid, МО), an established 


specialty alloy manufacturer. Specialloy had significant 
unused manufacturing capacity, which was expected to be 
upgraded by IBC for beryllium-copper casting products. IBC 
also owned Freedom Alloys Inc. (Royersford, PA), a primary 
producer-supplier of beryllium-copper casting and master alloy 
ingot products, and Nonferrous Products Inc. (Franklin, IN), a 
specialty alloy processing company and manufacturer of forged 
copper, beryllium-copper, and bronze alloys (IBC Advanced 
Alloys Corp., 2010, p. 2-7). 

In March, IBC signed long-term beryllium supply agreements 


| With Kazatomprom's UMP agreeing to three specific initiatives. 


| Dlasma-based method of 


un and IBC committed to multiple-year supply commitments 
or eryllium metal and BCMA, to explore mutually beneficial 
strategic partnerships, and to assess the feasibility of a 
: stan-based high-volume BeO production facility to 
nis IBC's beryllium-enhanced nuclear fuel initiative (IBC 
dvanced Alloys Corp., 2010, p. 2), 
= teamed with Sentech, Inc., a Washington, DC-based 
abe consulting company, to commercialize applications 
їн irs and BeO in the wind energy and turbine market. 
entech were to assess the feasibility of an advanced 
| applying а BeO coating to beryllium, 
т and aluminum bronze. А BeO казы оп 
а зани Increase the Wear resistance in wind turbines 
min Е reliability and reduce the costs of 
; бе) C Advanced Alloys Corp., 201 1, p. 7). 
Sd ed producers of beryllium alloy products 
Мы Materials Science, Inc., Concord, MA: 
Sweetwater те o of NGK Insulators, Ltd), 
Ангы, Berti | = x S Brass Division, East Alton, 
Polis at its plant E lee beryllium oxide ceramic 


Recycling 


Berylli 
ЈЕ туч primarily from 
ney но : acture of beryllium-cont 


n the quantities of recycle 


new scrap generated 
aining components. 


d bervili 
BE гуШит аге not 
NYLUUM—~2919 


imc 


available but may represent as much as 10% of U.S. apparent 
consumption (Cunningham, 2004). 


Foreign Trade 


U.S. foreign trade in beryllium materials, as reported by the 
U.S. Census Bureau, is summarized in table 3. On the basis 
of estimated contained beryllium, beryllium exports increased 
by 69% compared with those of 2009. Canada and the United 
Kingdom were the major recipients of these materials. On the 
basis of estimated contained beryllium, total beryllium imports 
were more than 10 times higher than those of 2009. Russia was, 
by far, the leading supplier of beryllium metal to the United 
States, while China, Japan, and Kazakhstan were significant 
suppliers of other beryllium materials. 

Net import reliance as a percentage of apparent consumption 
is used to measure the adequacy of current domestic beryllium 
production to meet U.S. demand. Net import reliance was 
defined as imports minus exports plus adjustments for 
Government and industry stock changes. Releases from 
stocks, including shipments from the NDS, were counted as 
part of import reliance, regardless of whether the materials 
were imported or produced in the United States. For 2010, net 
import reliance as a percentage of apparent consumption was 
estimated to be about 6196 compared with about 31% in 2009. 
The increase was primarily the result of the large increase in 
beryllium metal imports from Russia. 


World Review 


China.—Yingtan Ulba Shine Metal Materials Co. Ltd. (a joint 
venture between UMP and Ningbo Shengtai Electronic Metal 
Materials Co. Ltd.) operated a plant that produced flat-rolled 
products from high-strength, conductive beryllium-copper 
alloys. Plant capacity was reported to be about 2,000 t/yr 
(gross weight) for all products (Interfax Russia & CIS Metals 
and Mining Weekly, 2009; Kazakhstan International Business 
Magazine, 2009). 

Kazakhstan.—Kazatomprom reported production of 1,817 t 
of beryllium materials (including alloys and ceramics), an 
increase of 15596 from the 712 t produced in 2009. The 
company's beryllium sales revenues were 80% greater than 
those of 2009. UMP supplied about 24% of beryllium products 
to the world market in 2010, compared with 396 in 1999. UMP 
reportedly produced from stockpiled beryllium concentrate 
imported mainly from Russia. The concentrate stockpile, which 
was built up before the breakup of the Soviet Union, was 
forecast in 2003 to be sufficient to support production for about 
30 years (Metal Bulletin, 2003; McNeil, 2006; Kazatomprom 
JSC, 2011, p. 37, 107). 

Kazatomprom signed an agreement with Toshiba Corp. 
(Tokyo, Japan) in 2010 to establish a joint venture for the 
research, exploration, production, and sales of rare metals, 
including beryllium. Previously, as part of Japan's efforts 
to reduce its dependence on crude oil from the Middle East, 
Toshiba made an agreement with Kazatomprom in 2008 to 
secure supplies of rare metals and reactor components for 
Toshiba's nuclear power business. The agreement expanded on 
an existing deal under which Kazatomprom supplied uranium 
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for Toshiba-built nuclear plants (Soble and Gorst, 2008; 
Kazatomprom JSC, 2011, p. 32). 

Russia.—East Siberian Metals Corp. (a subsidiary of 
Metropol Group) and UMP completed the predesign phase 
for resuming ore mining at the Yermakovskoye beryllium 
deposit in the Siberian Republic of Buryatiya and the technical 
design of the processing plant. The new plant would produce 
beryllium hydroxide, which was expected to be delivered to 
China, Japan, and Kazakhstan for processing into beryllium 
metal and beryllium alloys. Yermakovskoye was considered 
to be the largest beryllium deposit in Russia. Construction of 
the processing plant was expected to begin in 2013 (Metropol 
Investment Financial Co. Ltd., 2009; MBC Corp., 2010). 


Outlook 


The United States is expected to remain self-sufficient with 
respect to most of its beryllium requirements. At yearend 201 0, 
Materion reported proven bertrandite reserves in Juab County, 
UT, of 5.81 million dry metric tons with an average grade of 
0.266% beryllium. This represented about 15,500 t of contained 
beryllium. Materion owned approximately 95% of its proven 
mineral reserves and leased the remainder (Materion Corp., 
2011a, p. 42-43). 

It was expected that the 2011 U.S. shipments of beryllium- 
copper strip products and beryllium bulk products would 
increase from those of 2010 owing to increased demand from 
the aerospace, automotive electronics, industrial components, 
oil and gas, and telecommunications infrastructure markets. 
Increased demand for beryllium-based metals and metal matrix 
composites was anticipated from commercial applications, 
including nonmedical and industrial X-ray products, and 
semiconductor processing equipment (Materion Corp., 20115). 

Research and consulting firm Global Industry Analysts, Inc. 
predicted the worldwide beryllium market would increase 
to 465 t of contained beryllium by 2015 Owing to increased 
security concerns, which will likely increase the consumption of 
beryllium in defense applications. The advent of new alloys of | 
beryllium with aluminum was also expected to contribute to the 


increase in beryllium consumption (Global Industry Analysts 
Inc., 2011). | 
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TABLE 1 
SALIENT BERYLLIUM MINERAL STATISTICS 


(Metric tons, beryllium content) 


_ Mine shipments! 
Imports for consumption, beryl” 


Consumption, reported" 
Stocks, December 31: 


_ Industry! 


2006 2007 2008 2009 2010 
United States, beryllium-containing ores: 


U.S. Government, beryl? 4 
World, production”? 
“Estimated. -- Zero. 


І 
Data аге rounded to the nearest 5 metric tons. 


?Based on a beryllium content of 496. 


"Data are rounded to the nearest 10 metric tons. 
4 е 

Defense Logistics Agency, DLA Strategic Materials (formerly Defense National 
Stockpile Center). Data for 2006 include beryl committed for sale pending 
shipment and uncommitted beryl. Data for 2007-10 are uncommitted beryl only. 


Less than У unit. 
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TABLE 2 
U.S. GOVERNMENT NATIONAL DEFENSE STOCKPILE BERYLLIUM 


STATISTICS IN 2010! 
(Metric tons, beryllium content) 


Annual Uncommitted 
Stockpile Disposal ^ Materials inventory, 


Material goal authority? + Plan! | December 31 
Beryl ore -- (5) (5$ (5) 
Beryllium metal: 
Hot-pressed powder 45 52 - 97! 
Vacuum-cast -- 14 54 14 
Тога! 45 66 54 112 
Grandtotal ——— 45 66 54 112 
-- Zero. 


'Data were converted from gross weights reported in short tons; may not add to 
totals shown. 

? Goal effective as of December 28, 2001. 

?Total quantity of material that can be disposed. 

*Maximum quantity of material that can be disposed during 12-month period 
ending September 30, 2010. 

?Less than У unit. 

$ Actual quantity will be limited to remaining inventory. 


"Held for goal. 


Source: Defense Logistics Agency, DLA Strategic Materials (formerly Defense 
National Stockpile Center). 
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TABLE 4 


BERYL: WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons, gross weight) 

Country? 2006 2007 

China* 500 500 
Мадаразсаг“ * | 12 12 
Mozambique 16 31 
Portugal 5 5 
United States, mine shipments? 3,830 3,810 
Total 4,360 4,360 


*Estimated. 


4,410 
4,940 


3,030 
3,590 


4,460 
5,080 


! World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
?Table includes data available through August 11, 2011. Unless otherwise noted, figures represent beryl ore for the production of 


beryllium and exclude gem-quality beryl. 


Зр addition to the countries listed, Uganda produced beryl ore. Kazakhstan, Nigeria, and Russia may also have produced beryl ore, 
but information is inadequate to make reliable estimates of production. Other nations that produced gemstone beryl ore may also 


have produced some industrial Бегу] ore. 


^[ncludes ornamental and industrial products. 


5Includes bertrandite ore, calculated as equivalent to Бегу! containing 11% beryllium oxide. 


BisMUTH 
By James F. Carlin, Jr. 


Domestic survey data and tables were prepared by Richard H. Kraft, statistical assistant, and the world production table 


was prepared by Lisa D. Miller, international data coordinator. 


Bismuth consumption in the United States was estimated 
to be 884 metric tons (t), 8% more than that in 2009 (tables 
1,2). The estimated value of bismuth consumed domestically 
was $16 million in 2010. The estimated domestic consumption 
breakdown for bismuth in 2010 was 65% for chemical and 
pharmaceutical uses, 27% for metallurgical additives for 
bismuth casting and galvanizing, and 8% for bismuth alloys, 
fusible alloys, solder, and ammunition (table 2). 
Bismuth was last produced domestically as a byproduct of 
_ kad refining at a Nebraska refinery that closed in 1997. The last 
stocks of bismuth in the National Defense Stockpile were sold 
tat same year. In 2010, all primary bismuth consumed in the 
United States was imported. Only a small amount of bismuth 
was obtained by recycling old scrap. The leading producers 
ofrefined bismuth in 2010 were, in descending order, China, 
_ Mexico, Belgium, and Peru. Belgium had no bismuth mine 
_ production, and its sole bismuth producer refined metal from 
anode slimes, concentrates, and smelter residues and flue dust, 
al of foreign origin. The principal suppliers to the United States 
were, in descending order, by weight, China, Belgium, the 
United Kingdom, Canada, and Kazakhstan. 
la recent years, new uses for bismuth as a nontoxic 
placement for lead have been developed. These include the 
ue of bismuth in shot for water fowl hunting, lubricating 
eases, pigments, and solders. 
! " : annual average dealer price for bismuth in 2010 was 
"S per pound, an increase of 12% from that in 2009. Industry 


_ Observers attributed the price | i j 
price increase to a lull in destockine that 
followed the 2008 world economic crisis. à 


Production 


Spi production of primary refined bismuth ceased in 
limi s domestic firms continued to recover secondary 

was 4. alloy scrap іп 2010. Secondary production 
"m о be less than 5% of domestic supply during 


Consumption 


The U, 
bismy i Geological Survey conducts a survey of domestic 
es Um annually. The quantity used by 
ia asp was estimated based on reports from prior use 
Wu cone гт other sources. Accordingly, estimated 
m that in 2008, N was about 884 t in 2010, an 8% increase 
Onsumpti 
cosmetics BR : bismuth in Chemical uses (chemicals, 
illain 2009 | amaceuticals) in 2010 remained the same 
‘onsumption of bismuth for alloys increased 


У 12% com ; 
* pared 1 hed РЕЈ 
арабада s Ns that in 2009, Metallurgical additives 
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crease in usage compared with that in 2009. 


Industry observers attributed the generally lower consumption 
figure of recent years to the general economic slowdown, which 
especially affected industrial applications. 

Bismuth pharmaceuticals include the well-known bismuth 
salicylate (the active ingredient in over-the-counter stomach 
remedies), and other bismuth medicinal compounds used to treat 
burns, intestinal disorders, and stomach ulcers in humans and 
animals. Bismuth nitrate was the initial material used for the 
production of most bismuth pharmaceutical compounds. Other 
applications of bismuth chemicals and compounds include uses 
in superconductors and pearlescent pigments for cosmetics and 
paints. 

Bismuth metal was used primarily as a major constituent of 
various alloys and as a metallurgical additive (table 2). One 
class of bismuth alloys consists of fusible (low-melting-point, 
as low as 20 ?C) alloys, which are combinations of bismuth 
with other metals, such as antimony, cadmium, gallium, indium, 
lead, and tin. Applications for those alloys include fuel tank 
safety plugs, holders for optical lens grinding, and other articles 
for machining or grinding, solders, and fire sprinkler triggering 
mechanisms. 

In addition to lead-free solder noted above, bismuth has been 
a substitute for lead added to certain steel products to provide 
greater machinability. A major domestic steel producer began to 
use a bismuth-containing substitute for the leaded alloy about 
1982. Although bismuth has been used successfully to replace 
lead in various applications, it has been challenged as a lead 
substitute by selenium and tungsten (Cusack, 1999). 

Bismuth was also added in small amounts to aluminum 
(along with lead) and copper alloys to improve machinability. 

It was also added to malleable iron graphite flakes. These uses 
constitute the traditional metallurgical additives category. 


Prices 


In 2010, the annual average Platts Metals Week New York 
dealer price for bismuth rose to $8.76 per pound, an increase 
of 12% from that in 2009. In 2010, the weekly bismuth price 
started the year at $7.35 to $8.00 per pound and generally rose 
throughout the year to finish December at $9.10 to $9.60 per 


pound. 


Foreign Trade 


U.S. exports of alloys, bismuth metal, and waste and scrap 
increased by 77% compared with those in 2009. U.S. imports 
of metallic bismuth increased by 30% compared with the 2009 
figures (table 4). Bismuth imports were 56% (by weight) more 
than bismuth exports. The leading import source for the United 
States was China, which supplied 54% of the total. 
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World Review 


In much of the world, bismuth is produced as a byproduct of 
smelting lead ores. In China, it is also a byproduct of fluorspar, 
tin, and tungsten ore processing. In Bolivia, the Tasna Mine, the 
only mine in the world known to produce bismuth from bismuth 
ore, has been on standby since the mid-1990s, awaiting a rise to 
a sufficient and sustainable metal price. 

World refinery production of bismuth was 16,000 t, a 796 
increase from that in 2009. China was the world's leading 
producer of refined bismuth, with 8196 of the world total, 
followed by Belgium and Mexico, each with 576. 

Canada.—MCP Group SA (Tilly, Belgium) announced 
it had signed a letter of intent with Fortune Minerals Ltd. 
(London, Ontario) to purchase bismuth from its NiCo mineral 
deposit in the Northwest Territories. Fortune Minerals planned 
to begin mining the deposit in late 2012 and expected to 
produce about 2,000 metric tons per year (Uyr) of bismuth, 
along with substantial amounts of cobalt, copper, and gold. 
MCP is a leading world refiner of bismuth, and it has relied 
on China for much of its bismuth feedstock. Development of 
the NiCo deposit has been challenging because of the number 
of regulatory issues along with indigenous tribe issues and 
infrastructure requirements. If the project does come to fruition, 
it would add a significant amount of bismuth to the world 
market, which was estimated to be about 10,000 t/yr (Ryan's 
Notes, 2010). 

China.—Minmetals Corp. (Beijing) announced plans to 
spend $658 million to $804 million in a 5-year period to explore 
for bismuth, rare earths, tin, and tungsten in southern Hunan 
Province. Minmetals signed a strategic cooperation deal with the 
Chenzhou City government (American Metal Market, 2010). 


Outlook 


During much of the past decade, worldwide bismuth 
consumption has been increasing at about 3% to 576 per year. 
However, the global economic slowdown that began in late 2008 
and extended through the first half of 2009 led to a substantial 
contraction in consumption. World consumption of bismuth 
in the steel sector decreased, although it was relatively minor 
compared with that in other use sectors. World consumption in 
the chemical industry seemed to be rising, especially in Japan, 
as bismuth began to replace lead in pigments. 

Selected segments of the bismuth use markets, such as 
metallurgical additives in particular, were very much involved 
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in the industrial sectors of the economy, and any improvement 
there will likely depend on how quickly the world's 
industrialized nations can rebound from the 2008-09 economic 
slowdown. 

Commercial and research organizations in Europe, Japan, and 
North America agreed to a framework to eliminate lead from 
solders in manufacturing. This agreement would tend to increase 
the demand for bismuth because bismuth is used in some 
solders. Many Japanese manufacturers were using lead-free 
solders in some or all of their soldering applications, and studies 
on how best to develop lead-free solders were being performed 
independently by the European Union, Japan, the Republic of 
Korea, and the United States. Although world lead consumption 
was expected to be reduced by only 0.8% by the elimination 
in solder, replacement of lead could increase world bismuth 
consumption by about 25%. 

A significant near-term increase in supplies of lead byproduct 
seemed unlikely because world production of lead from mine 
sources was expected to be relatively stable, and an increasing 
portion of lead demand was expected to be met by recycling. 
A global shortage of bismuth, however, was not anticipated. In 
China, new technologies have increased world bismuth reserves. 
Therefore, despite increases in world demand, supplies from 
China can be expected to help keep the bismuth market stable, 
unless China decides to restrict bismuth exports as it has done 


for some other metals. 
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United States: 
Consumption"? 


Exports? 
Imports for consumption 


TABLE 1 
SALIENT BISMUTH STATISTICS! 


2006 2007 


Price, average, domestic dealer 
Stocks, December 31, consumer 


World production:® > 
Mine, metal content? 


Refinery 


metric tons 1,960 2,630 

do. 311 421 

do. 2,300 3,070 

dollars per pound 5.04 14.07 
metric tons 120 139 

do. 5,800 6,200 

do. 15,000 16,000 


“Estimated. ‘Revised. do. Ditto. 


!Data are rounded to no more than three significant digits. 


"Estimated based on net imports. 


‘Comprises bismuth metal and the bismuth content of alloys and waste and scrap. 


"Source: U.S. Census Bureau; data as adjusted by U.S. Geological Survey. 


"Data are rounded to no more than two significant digits. 


"Excludes the United States. 


TABLE 2 


ESTIMATED BISMUTH METAL CONSUMED 


IN THE UNITED STATES, BY USE"? 


(Metric tons) 
Use 2009" 
Chemicals? 528 
Bismuth alloys — 58 
Metallurgical additives 232 
Other 2 
Total 820 


"Revised. 


2010 
589 


'Data are rounded to no more than three significant 


digits; may not add to totals shown. 
"Estimated based on net-imports. 


"Includes industrial and laboratory chemicals, 
cosmetics, and pharmaceuticals. 


2008 


1,090 
375 
1,930 
12.73 
228 


7,600 
17,000 " 


2009 


820 ' 
397 
1,250 
7.84 
134 


8,300 ' 
15,000 


2010 


704 * 
1,620 

8.76 

134 


8,900 
16,000 
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TABLE 3 
U.S. EXPORTS OF BISMUTH METAL, ALLOYS, AND WASTE AND SCRAP, 


"Раја are rounded to no more than three significant digits; may not add to totals shown. 


"Source: U.S. Census Bureau; data as adjusted by U.S. Geological Survey. 


Source: U.S. Census Bureau. 


BY COUNTRY! 
2009 2010 
Quantity Quantity 
(kilograms, Value (kilograms, Value. 
Country metal content) (thousands) metal content) (thousands) 
Argentina 220 $17 | 3894 $9 
Australia -- -- 934 11 
Austria -- -- 20,000 190 
Belgium 56,600 820 14,800 255 
Brazil 13,400 121 10,600 96 
Canada 32,900 701 41,400 947 
China 28,800 261 26,400 240 
Colombia 1,230 29 743 27 
Costa Rica __ -- -- 12,500 130 
Dominican Republic 6,550 60 -- -- 
France 121,000 1,450 286,000 ? 2,840 ? 
Germany ї 2,420 37 73,500 - 668 
Guatemala -- -- 1,090 7 
Hong Kong 2,410 26 9,260 84 
India 121 3 644 8 
Japan 11,000 309 4,160 106 
Mexico 59,300 1,350 100,000 1,160 
Singapore 445 30 2,060 54 
Taiwan 219 16 526 13 
Thailand | 8,590 78 21,700 200 
United Kingdom 4,710 50 1,320 29 
Vietnam 45,200 411 75,100 ? 986 ? 
Other 1,570 56 4838 6 
Total 397,000 5,820 704000? 8,40” 
-- Zero. 


U.S. GEOLO 
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TABLE 4 
U.S. IMPORTS FOR CONSUMPTION OF METALLIC BISMUTH, BY COUNTRY’ 


2009 2010 
Quantity Value Quantity Value 
Country (kilograms) (thousands) (kilograms) (thousands) 
Belgium 450,000 $8,350 674,000 $12,900 
Canada | 5,740 88 21,300 339 
China 554,000 8,180 875,000 15,400 
Germany 1,600 94 4,090 205 
Hong Kong — -- 297 2 
Italy 50 8 200 45 
Japan -- -- 3 4 
Kazakhstan 9,850 185 10,000 195 
Korea, Republic of 75,100 1,170 40 3 
Mexico 59,400 758 373 75 
Netherlands 124 22 15 
Peru 29,400 386 455 
Russia 3,320 239 499 65 
United Kingdom 62,400 1,110 35,800 761 
Total 1,250,000 20,600 1,620,000 30,100 


-- Zero. 


Data are rounded to no more than three si gnificant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 


TABLE 5 
BISMUTH: ESTIMATED WORLD MINE AND REFINERY PRODUCTION, BY COUNTRY" : 


(Metric tons) 
Coty 2006 2007 208 209 200 2006 207 2008 209 200 
със ИННЫ - -- " " # 800 800 800 800 800 
Юа 05 ap) 28)? 549 87 К D суу ж 
LP" 45 45 45' 45 30 30 30 30! 30 
а 700 177? 1373 71 86 3 91 250 200 150 150 3 150 
| NENNEN 3,000 3,500 5,000 6,000 6,500 11,800 12,100 13,100" 12,300" 13,000 
аге - x z = » 5 5 5 5 5 
иг OOOO 21 20 . 20 21 20 425? 408 480 ' 423 ' 420 
чш 140 145 150 150 150 115 120 125 125 125 
Mexico 1,1862 1200 1,170 854 850 1,1862 1200 1,170 854 850 
i NEN 950 950 960 1,0007 1,00 600 600 600 600 600 
ІШІ. 40 40 40 40 40 30 30 30 30° 30 
ыыы ы ыы 35 55 70 65 50 11 12 13 12 10 
Total® 


5,800 6,200 7,600 8,300" 8,900 15,000 16,000 17,000" 15,000 16,000 


Revised, — Zero. 


| 
Estim 
ated data are rounded to no more than three significant digits. 


able i 4 | 
о data available through April 20, 2011. Bismuth is produced primarily as a byproduct of other metals, mainly lead and tungsten. 
€d figure, 


"Figures listed under 
$ e 

Mine output fi 
"World totals 


mine output are the metal content of concentrates produced, according to Natural Resources Canada, 2006. 
gures have been estimated to be 5% of reported metal output figures. 
аге rounded to no more than two Significant digits. 
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BORON 
By Marc A. Angulo and Robert D. Crangle, Jr. 


Domestic survey data and tables were prepared by Shonta E. Osborne, statistical assistant, and the world production table 


was prepared by Lisa D. Miller, international data coordinator. 


US. consumption of minerals and compounds reported in 
boron oxide continued to increase in 2010 but quantities are 
withheld to avoid disclosing company proprietary data (table 1). 
Turkey and the United States were the world’s leading producers 
of boron minerals (table 6). World production of boron minerals 
increased in 2010 to an estimated 4.08 million metric tons (Mt) 
compared with 3.76 Mt in 2009 (excluding U.S. production). 
The United States exported 264,000 metric tons (t) of boric acid 
and 423,000 t of sodium borate in 2010, an increase from the 
171,000 t of boric acid and 417,000 t of sodium borates exported 
12009 (tables 1, 4). Boron imports consisted primarily of 
borax, boric acid, colemanite, and ulexite (tables 1, 5). 

Elemental boron is a metalloid with limited commercial 
applications, The main applications were as a doping agent in 
the manufacture of semiconductors and as an ignition source in 
airbags. The global consumption rate of elemental boron was 
estimated to be 15 metric tons per year (t/yr). Boron compounds, 
chiefly borates, are commercially important; therefore, boron 
products are priced and sold based on boric oxide content 
(8,0), which varies by ore and compound, and on the absence 
or presence of sodium and calcium (table 2). Borax, one of the 
most important boron minerals for industrial use, is a white 
crystalline substance chemically known as sodium tetraborate 
cecahydrate and is found in nature as the mineral tincal. Boric 
acid, also known as orthoboric acid or boracic acid, is a white, 
colorless crystalline solid sold in technical, national formulary, 
and special quality grades as granules or powder. Colemanite 
4. borate), kernite (hydrated sodium borate), 

» and шехце (hydrated sodium calcium borate) were the 


тей ofmost commercial importance in the United States 
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SVM, acquired by ће Indian company Nirma in 2007, 
produced borax and boric acid from brines containing potassium 
and sodium borates that were extracted from three salt layers, 
up to 100 meters (m) deep, in Searles Lake, located near Trona 
in San Bernardino County, CA. SVM's Trona and Westend 
plants refined the brines, producing anhydrous, decahydrate, 
and pentahydrous borax. These brines also supplied other 
commercial salts in addition to sodium borates and boric acid. 
The Trona plant has a reported capacity of 27,500 t/yr В,О,, and 
the Westend plant has a reported capacity of 82,300 t/yr В,О,. 

Rio Tinto Borax (a wholly owned subsidiary of United 
Kingdom-based Rio Tinto Minerals) mined mainly tincal and 
kernite at Boron, CA, by open pit methods, and the ore was 
transported by truck to a storage area. The tincal had an average 
grade of 25.3% В.О, and the kernite had an average grade 
of 31.9% B,O,. Boric acid and refined sodium borates were 
produced at an onsite processing plant. Refined borate products 
were shipped by railcar or truck to North American customers 
or to the company's Wilmington, CA, facility and exported from 
the Port of Los Angeles. Specialty borate products were made at 
the Wilmington plant. According to a Securities and Exchange 
Commission report filed by Rio Tinto Borax, the company 
produced 483,000 t of borates in 2010, an 18% increase from 
the 411,000 t reported in 2009 (Rio Tinto plc, 2011, p. 80). 

As part of a divestment program in September 2007, Rio 
Tinto Minerals put Rio Tinto Borax on sale. 1n July 2009, the 
company canceled the sale because bidders had not offered 
the valuation of the asset (Industrial Minerals, 2009c). In 
May, a labor agreement reached by Rio Tinto Borax and the 
employees' labor union, International Longshore & Warehouse 
Union, effectively ended a 3-month strike at the borate mine in 
Boron. During the strike, operations were manned by temporary 
employees and 170 unaffected worked (Watts, 2010). In 
January 2011, Rio Tinto declared force majeure on sales of its 
sodium borate products owing to disruptions at its Boron Mine 
in Boron, CA, caused by heavy rain storms in late December 
2010. Although 2010 production from Rio Tinto's California 
and Argentina mines increased by 18% from that of 2009, 
production during the fourth quarter 2010 decreased by 20% 
from that of the third quarter 2010 (O’Driscoll, 2011b). 


Consumption 


The first reported use of borax was as a flux or bonding agent 


Бу Arabian gold and silversmiths in the eighth century, but 


current research suggests Babylonians may have used it 4,000 

years ago. Today, there are more than 300 end uses for borates, 

but more than three-quarters of the world's supply is sold and 

distributed for five end uses (Garrett, 1998; Hamilton, 2006). 
In 2010, U.S. imports for consumption of borax, boric 

acid, colemanite, and ulexite were 101,000 t, a 5% increase 


from 96,000 t imported in 2009. In 2010, total U.S. apparent 
consumption of all boron products increased by 6% compared 
with that of 2009. 

Agriculture, —Fertilizers represented the third largest 
application of borates. Boron was the most widely used 
micronutrient, applied primarily to promote fruit and seed 
production. Boron fertilizers were mostly sourced from borax, 
boric acid, and calcium borate owing to their high water 
solubility; thus, boron fertilizers can be delivered through sprays 
or irrigation water. Domestic consumption of boron fertilizers 
was estimated to be approximately 2% of total U.S. fertilizer 
consumption. 

Boron is essential for plant uptake of primary and secondary 
nutrients, such as calcium, manganese, magnesium, phosphorus, 
and zinc. It influences the transport of nutrients through plant 
membranes, which directly correlates into improved fruit 
development, germination, plant reproduction, and pollen 
production. Normal plant leaves typically contain 25 to 100 
parts per million of boron, with 1 kilogram per hectare of boron 
(1 pound per acre) in soil being adequate to maintain these 
levels. U.S. boron deficiencies in crops are found primarily in 
the Atlantic coastal plains, Great Lakes region, and the coastal 
Pacific Northwest, where soils tend to be acidic, leached, coarse 
sandy, or organic in nature. Excessive boron fertilization, on 
the other hand, can cause crop toxicity, which studies suggested 
was more often caused by higher boron levels in irrigation water 
than those in soil (Troeh and Thompson, 2005, p. 489). 

Ceramics.—Ceramics comprise the second largest 
application of borates after glass, accounting for 10% of world 
consumption. Borates play an important role in ceramic glazes 
and enamels, increasing chemical, thermal, and wear resistance. 
Borax and colemanite are used in ceramics primarily as fluxing 
agents, with borax being used in higher temperature, and | 
colemanite in lower temperature firings. Borates are also used in 
technical ceramics, an industry with applications in aerospace, 
ballistics, electronics, and medicine, which experienced strong 
growth during the past decade. The amount of B,O, used in 
glazes varies between 896 and ai. and the amount used in 
enamels is between 17% and 32% by weight. | | 

Boron carbide is a key ingredient in lightweight ceramic 
armor, the use of which created increased 2. | 
European consumption of boron carbide Tabs t 5 qd 

Small arms protective inserts, used by the U.S. military, 
5-2 carbide ceramic plates inserted into Kevlar flak | 
pis to protect against high-velocity projectiles (Industrial 
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perborate and perborate tetrahydrate, were used as oxidizing 
bleaching agents because they contain true peroxygen bonds. 
Hydrogen peroxide, a very effective bleaching agent, is 
produced when sodium perborate undergoes hydrolysis while 
in contact with water. Because hydrogen peroxide cannot be 
effectively incorporated into detergents, sodium perborate 
acts as its carrier (Rio Tinto Borax, 2005). Sodium perborate, 
however, requires hot water to undergo hydrolysis, and concems 
have emerged over excessive boron levels in waterways owing 
to sodium perborate in detergents. Sodium percarbonate 

has been used as a substitute primarily in Europe because 

it produces hydrogen peroxide at lower temperatures. This 
substitution has affected boron consumption. 

Ferroboron.—Ferroboron (FeB) is a binary alloy of iron with 
a boron content between 17.596 and 24% and is the lowest cost 
boron additive for steel and other ferrous metals. On average, 
the steel industry consumes more than 50% of the ferroboron 
produced annually (Eti Holding Inc., 2003, p. 8). Boron steel, 
containing nearly 0.00896 ferroboron, possesses a higher 
strength and lighter weight than that of average high-strength 
steel, and is a useful material in the manufacturing of safe and 
fuel efficient automobiles. 

Ferroboron was used in the production of cast iron, 
neodymium-iron-boron (Nd-Fe-B) magnets, and steel. Nd-Fe-B 
magnets consumed nearly 10% of the ferroboron produced 
annually (Eti Holding Inc., 2003, p. 8). Nd-Fe-B magnets | 
possess the highest strength of all magnets and were used in 
computer hard drives, guidance systems, and wind turbines 
(Moores, 2010). Ferroboron was also utilized in aluminum 
castings to refine grain-size; in copper-base alloys and 
high-conductance copper as a degasifier; and in the nonferrous 
metals industry, generally as a deoxidizer. | 

Fire Retardants.—Borates were incorporated into various 
materials, such as cellulosic insulation, textiles, and timber, to 
impart flame retardant properties to the materials. Boric acid 
was incorporated into wood flame-retardants to inhibit the 
transfer of combustible vapors and reduce the effective heat 
of combustion, resulting in reduced flame spread. Zinc borate 
was used in plastics as a multifunctional boron-based gi | 
retardant, with applications in a variety of plastics and ru A 
compounds. Zinc borate is mainly used in flexible > m 
polyvinyl chloride formulations partly substituting i а pet 
trioxide. It is increasingly used as a component of ha pon 
and halogen-free formulations in epoxies, nylons, polyolenn®. 


rubber, and thermoplastic polyesters. | | 
Glass.—The principle market for borates In 2010 55 
representing approximately 6096 of global borate i | 
Boron is used as an additive in glass to reduce d durability 
expansion, improve strength, chemical resistance, = 
and provide resistance against vibration, high а "em 
and thermal shock. Boron is also used as а Пе | am 
reducing the viscosity of glass during и. ius ofthe 
manufacturing. Depending on the application i i d л borates 
glass, borax, boric acid, colemanite, ulexite, an 
are typically used. 
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il and high-strength fabrics; insulation; reinforcement; and 

№ sound absorption. The incorporation of borates into fiberglass 

4 greatly improves quality, establishing a product that is strong, 

б lightweight, and thermal and chemical resistant (Garrett, 1998). 

wt} Borosilicate refers to glass with boric oxide content between 

"ап 30%. The boron in borosilicate imparts many valuable 

te properties to the glass, such as increased mechanical strength, low 

ік coefficient of thermal expansion, and resistance to chemical attack 

wm and thermal shock. Past application of borosilicate ranged from 

р Pyrex® kitchenware to the thermal protection tiles on the National 

x Aeronautics and Space Administration Space Shuttle Orbiter. 

\  Other—Boron fiber is a monofilament about 125 to 140 
nanometers in diameter comprising elemental boron, typically 

m produced under chemical vapor deposition of boron trichloride 

x with tungsten wire acting as the catalyst. Owing to its high 

2 strength and hardness, boron fiber was used in the construction 

и ofthe horizontal and vertical stabilizers and rudders of the 

= F-Mand F-15 fighter and B-1 bomber aircrafts. The lower 

|. production cost and the higher availability associated with 

carbon fiber has limited boron fiber's use in modern aviation 

н Structural components. However, boron fiber has proven to be 

more advantageous than carbon fibers when used as a repair 

material for structural defects (Baker and others, 2004, p. 249). 

Various boron compounds are used in nuclear powerplants 

to contro! neutrons produced during nuclear fission. The 

юре boron-10, in particular, possesses a high propensity for 

‚ absorbing free neutrons, producing molecules of lithium and 


те 


-alpha particles after absorbing neutrons. Control rods composed 
of boron carbide are lowered into a nuclear reactor to control the 


ssion reaction by capturing neutrons. Boric acid is used in the 
‚ cooling water surrounding nuclear reactors to absorb escaping 
neutrons (Ceradyne Inc., 2011). 
Borazine and polyborazylene can be used as precursor 
| chemicals to boron nitride coatings and composites. Boron 
ude can also be found in large quantities in cosmetics owing 


: 15 low coefficient of friction and lack of toxicity. It has been 


sho 


Boric aci ications ! 
C acid has applications in cosmetics, pharmaceuticals, and 


toiletries. Borates are also added to brake fluids, fuel additives, 


lubric 
x ants, metalworking fluids, and water treatment chemicals. 
ton oxide inhibits corrosion, 
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own to be a useful alternative to talcum powder, which studies 
w may be linked to ovarian cancer (Emsley, 2004, p. 15-17). 


Prices for rail haulage depended on the 
| апд unload efficiently, the ability to 
DUE са У Опе ѕ own railcars, and fuel prices. 


ad that connects to the Southern Pacific 


to domestic consumers and to the ports of Long Beach and San 
Diego in California for export. 

The Boron Mine was served solely by the Burlington 
Northern Santa Fe Railroad. In order to connect to another 
rail line, a transload or transfer point was set up in Cantil, CA, 
served by the Union Pacific Railroad. Trucks of product from 
Boron were driven to Cantil, about 64 km (40 miles) northwest 
of Boron and loaded into dedicated railcars to be shipped to 
customers. 

Rio Tinto Borax utilized a privately owned berth located in 
the Port of Los Angeles, CA, for ocean transportation of borate 
products. Products destined for Europe were shipped from 
the bulk terminal in Wilmington to a company-owned facility 
in the Port of Rotterdam, Netherlands, company facilities in 
Spain, or contracted warehouses. The most centrally located 
Rio Tinto Borax port location in Europe was Antwerp, Belgium. 
The industrial minerals market in Europe was characterized by 
high volumes of imported materials, mostly forwarded through 
the industrialized areas of Belgium, France, Germany, and 
the Netherlands for destinations in Central Europe, including 
Austria, the Czech Republic, and Slovenia. А decision to import 
borates was based on the geographic location, the range of 
borate products needed, and prices. 

Rio Tinto Borax used barges to ship borates from Rotterdam 
to customers in Belgium, Eastern Europe, France, and 
Germany. Barges were the most efficient and reliable mode of 
transportation throughout Europe because waterways provide 
an ideal, low-cost linkage between large industrial areas and the 
Baltic, Black, Mediterranean, and North Seas and the Atlantic 
Ocean. 

More than 65% of boric acid and sodium borate imports 
entered the United States through the ports of Norfolk, VA, 
and Philadelphia, PA. More than 87% of total exports of boron 
compounds and minerals left the United States through the ports 
of Los Angeles, CA, and Houston-Galveston, TX. 


Prices 


Yearend prices of boron minerals and compounds produced 
in the United States are listed in table 3. Prices for borates 
remained relatively unchanged from 2009 to 2010. The 
decrease in price observed from 2008 to 2009 reflected an 
imbalance between supply and demand created by the economic 
downturn observed beginning in the fourth quarter of 2008. The 
stabilization of prices from 2009 to 2010 may be an indicator 
that equilibrium between supply and demand was obtained 
during this period. Table 4 lists the free alongside ship values for 
U.S exports of boric acid and quantities of boric acid and refined 
sodium borate compounds exported to various countries. 


Foreign Trade 


The United States remained a net exporter of boron 
compounds and minerals in 2010, with net exports totaling 
592,000 t, a 1996 increase from the 498,000 t in 2009. Exports 
of boron compounds and minerals increased by 17% to 
687,000 t in 2010. In 2010, China received the largest amount 
of sodium borates and boric acid from the United States owing 
to increased consumption of borates used in the Chinese glass 
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and ceramic industries. Imports of 101,000 t in 2010 was a 6.396 
increase from that of 2009. The sharp decrease in imports of 
ulexite in 2010 is primarily attributed to a 27,000 t decrease in 
shipments from Turkey. 


World Review 


Argentina.—Argentina became the leading producer of boron 
minerals in South America in 2010 (table 6). Borate deposits 
are located primarily in the Puna region, which includes the 
northwestern tip of Argentina, the southeastern corner of Peru, 
the southwestern corner of Bolivia, and the northeastern border 
of Chile. Recent increased demand in Asia and North America 
for borate use in ceramics and glass led to increased production 
of Argentine borates, boric acid in particular. 

Borax Argentina S.A. (a subsidiary of Rio Tinto Minerals), the 
country's leading producer of borates, operated open pit mines 
at Porvenir in Jujuy Province and at Sijes and Tincalayu in Salta 
Province. These operations produced colemanite, hydroborocite, 
Кепше, tincal, and ulexite at a rate of 100,000 “уг 
(Industrial Minerals, 2009b). Located at 4,100 m (13,400 feet) 
above sea level, the Tincalayu Mine was Argentina's largest 
open pit operation. The deposit consisted primarily of borax, 
with rare occurrences of ulexite and 15 other borates. Rio Tinto 
also produced refined borate ores and boric acid at refineries 
in Campo Quijano, Sijes, and Tincalayu in Salta Province and 
Porvenir in Jujuy Province. Lithium Americas Corp. entered 
into an agreement with Borax Argentina to extract subsurface 
lithium and borate brines from the salt lake at Jujuy Province. The 
company contends that the brine has the correct composition to be 
economically viable (Industrial Minerals, 2009e). The company 
produced 18,000 t of borates in 2010, a 38% increase from the 
13,000 t reported in 2009 but a 576 decrease from the 19,000 t 
uced in 2008 (Rio Tinto plc, 2011, p. 80). 
nera Santa Rita S.R.L. (MSR) operated mines in Catamarca, 
and Salta Provinces and operated a processing plant in 
hich produced granular deca- and pentahydrate 
borax, technical-grade boric acid powder, and various grades | 
and sizes of the natural boron minerals. MSR exports 97% of its 
products to 28 countries through the port of Buenos Aires and 
by land to Brazil. MSR refined more than 50,000 Ууг of borates 
and was expected to refine 75,000 t/yr after the investment in à 
«flowing bed" system, a device that more efficiently dries boric 
acid. MSR has also announced a permanent supply agreement 
with Sulphaar S.R.L. to furnish sulfuric acid for the Campo 
Quijano plant (Santa Rita Mining Co., 201 1). Рим 

Bolivia.—The most important Bolivian borate posi. 
mined primarily by small cooperatives, are pei int Е 
Altiplano of the Andes and contain ulexite wit | e. : 
tincal. The Bolivian mining agency, Corporacion Miner 

M eeking to develop the Salar 
Bolivia (COMIBOL), was seeking 
i · calt future borate production. COMIBOL 
Uvuni salt flats for ture 0 | 
aede ablish а $5 million borate pilot plant on the 
planned 2. full-scale feasibility. А full-scale boric 
deposit to | | d to produce 20,000 t/yr (Industrial 
acid plant would be expected to p ма 
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of 2009. The Chilean borate producers were all located on the 
northeastern border of Chile, which contains one the world's 
largest deposits of ulexite. The largest producer, Quimica e 
Industrial del Borax Ltda. (Quiborax), mined 450,000 t/yr of 
crude ulexite and produced up to 80,000 t/yr of boric acid and 
40,000 t/yr of granular ulexite (Tran, 2008). 

China.—China possessed more than 100 borate deposits in 
14 Provinces. The northeastern Province of Liaoning and the 
western Province of Qinghai accounted for more than 80% 
of the resources, mostly in the form of sassolite and tincal. 
Chinese boron resources are of low quality, averaging about 
8.4% B,O,, in comparison to the Turkish and United States 
reserves, which average about 26% to 31% and 25.3% to 31.9% 
В,О,, respectively. Apparent consumption of borate in China 
increased by 7% per year between 2000 and 2009 fueled by the 
glass and ceramic industries, but domestic production remained 
relatively consistent during this period. To maintain this high 
level of consumption and moderate level of production, China 
became more import reliant on borate products originating from 
Russia, South America, Turkey, and the United States (Industrial 
Minerals, 2008a; Baylis, 2010, p. 5). 

The Chinese government was considering closing a loophole 
that gives a 5% tax rebate on the export of alloys in attempts 
to curtail misuse of the rebate. Some carbon steel mills added 
small amounts of boron, nearly 0.0005% by weight, to pass the 
steel off as an alloy in order to collect the rebate. This practice 
may have given these mills as much as a 20% pricing advantage 
on their products (Metal Bulletin, 2011). 

India.— Although deposits of borates were identified in | 
India, the country was reliant on imports of borates from China, 
Turkey, and the United States to fulfill domestic needs. Borate 
products produced in India include boric acid, boron carbide, 
ferroboron, and sodium perborate. The leading producer 
of refined borates was Indo Borax & Chemical Ltd., which 
operated borax and boric acid plants in Pithampur, Madhya 
Pradesh, northeast of Mumbai. | 

Serbia. —Erin Ventures Inc. (Victoria, British Columbia, 
Canada) entered into a binding agreement with the Serbian 
state-owned coal mining company, JP PEU, for joint | 

i ; it i thern Serbia. 
development of the Piskanja borate deposit in sou EN 
Additionally, Erin Ventures was seeking monetary compensa i 
totaling $15 million from Elektroprevreda, the Serbian a 
power corporation, over an alleged 1997 breach of re 
in the development of the Piskanja deposit. The deposi p 
an estimated resource of 7.5 Mt averaging 3676 to 39% В.О, 
(O’Driscoll, 2010, 201 la). 

Rio Tinto Minerals held a license to 
deposit 150 km north of the Piskanja deposit and planned further 


*41* 1 ed 
exploration drilling in 2010. Initial drilling reverie S ida 
resource of 114 Mt with а 13.1% В.О, and 1.8% Lo Font 
The company expected to produce borate by 2015 (In 


Minerals, 20094; O’Driscoll, 2010, 201 ]a). 
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technologies. Eti Maden planned to expand its share in the 

world boron market from 3696 to 39% by 2013, increasing sales 
to $1 billion by expanding its production facilities and product 
range. In 2009, Turkey exported 4 Mt of borates valued at $104 
million (Today's Zaman, 2009; Uyanik, 2010). 

Since 2007, the Turkish government has granted 110 million 
Turkish lira (about $64 million) to 317 proposals in support of 
the Industry-University Project (SAN-TEZ). SAN-TEZ was 
implemented to develop boron-related technologies that might 
lead to increased consumption of Turkish borates (Today's 
Zaman, 2010). 


Outlook 


Consumption of borates is expected to increase, spurred by 
strong demand in the Asian and South American agriculture, 
ceramic, and glass markets. World consumption of borates was 
projected to reach 2.0 Mt B,O, by 2014, compared with 1.5 Mt 
BO, in 2010 (Roskill Information Services Ltd., 2010, p. 167; 
O'Driscoll, 20112). 

Europe and emerging markets are requiring higher building 
standards, correlating to increased consumption of insulation 
fiberglass. Domestic demand for fiberglass was dominated by 
the construction industry, which saw decreased U.S. activity in 
2009 owing to the global economic downturn. With a projected 
sluggish economic recovery in the construction industry, 
demand for fiberglass, which increased at а rate of 5% annually 
between 2000 and 2008, was expected to continue to increase 
but at a slower rate (Roskill Information Services Ltd., 2010, 

p. 179). Demand for boron based fertilizers was expected to 

rise owing to increased demand for food and biofuel crops. 
Higher crop prices have enabled farmers to invest more capital 
In advanced farming techniques and hi gher-grade fertilizers. 
Consumption of borates by the ceramics industry was expected 
to shift away from Europe to Asia, which accounted for 60% of 
world demand in 2010. 

Research into boron use in nanotechnology is progressing 
rapidly. More stable forms of boron nanotubes have been 
Reden oe n ahs fabrication techniques have been 
" high-quality = eam of material scientists created the 
iih: Pac г ind crystalline boron nitride nanotubes 
d urekAlert, 2010). The first successful 
perfo is of the strength of boron nitride nanotubes was 
552 1. о expectations for potential 
expected to overtake ы Д ). Вогоп nanotubes were —— 
avenginecring bec arbon nanotubes as the ideal material in 
е use boron nanotubes сап be configured 
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with the creation of new technologies. The properties intrinsic to 
cubic boron nitride, such as hardness (second only to diamond), 
high thermal conductivity, and oxidation resistance make it an 
ideal material in a variety of emerging applications. Hexagonal 
boron nitride was used in additives, ceramics, and intermetallic 
composites, imparting thermal shock resistance, improved 
machinability, and reduction of friction. Pyrolytic boron nitride 
is finding rapid acceptance in molecular beam epitaxy crucibles 
and furnace hardware owing to its high tensile strength and its 
anisotropic nature (Lelonis, 2007). 

The European Chemical Agency has declared the use of boric 
acid in the development of photographs to pose no health risk 
to consumers with the proper handling of the chemicals. This 
ruling was considered to have wider implications for the use of 
borates used in other applications, such as in the ceramic and 
glass industries (Industrial Minerals, 2010a). 

Chinese Nd-Fe-B magnet production is expected to 
increase 25% per year through 2014, driven by an increase in 
high-technology applications. With boron content in Nd-Fe-B 
magnets averaging 18% to 22%, the Chinese boron industry 
was investigating ways to expand the use of boron from 
its low-grade deposits through more efficient and effective 
processes (Industrial Minerals, 2010b). 
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TABLE 1 
в SALIENT STATISTICS OF BORON MINERALS AND COMPOUNDS’ 
үй (Thousand metric tons and thousand dollars) 
" 2006 2007 2008 2009 2010 
қ United States: 
Sold or used by producers: 
М Quantity: 
іш Gross weight? W W W W W 
| B;O; content W W W W W 
м Value W W W W W 
ШЫ Exports: 
" Boric acid:" 
à Quantity 221 248 303 171 264 
Value 126,000 124,000 165,000 109,000 170,000 
Sodium borates: 
Quantity 393 446 519 417 423 
Value 138,000 146,000 192,000 176,000 218,000 
Imports for consumption: 
Вогах:“ 
i Quantity 2 | | (5) (5) 
Value 701 647 566 376 183 
Boric acid? 
Quantity 85 67 50 36 50 
Value 34,900 27,500 26,200 26,100 30,100 
Colemanite: 
Quantity 25 26 30 3] 50 
Value 7,260 7,640 8,880 8,630 18,400 
Ulexite: 
Quantity? 131 92 75 28 1 
Value 39,200. 27,600 22,600 11,300 238 
Consumption, В.О; content W W W W W 


ш наана стага Еси 
World, production’ 3,620 ' 4,200 4,480 ' 3,760 ' 4,080 * 
RT ы ыы шы шы eccL LE EC uu LLL LU VLL. 
"Estimated. 'Revised. W Withheld to avoid disclosing company proprietary data. 
'Data are rounded to no more than three significant digits. 


"Minerals and compounds sold or used by producers, including actual mine production, and marketable products. 
"Source: U.S. Census Bureau. 


"Includes orthoboric and anhydrous boric acid. Harmonized Tariff Schedule of the United States codes 2840.19.0000, 
2840.20.0000, and 2840.30. 0000. 


Less than № unit. 


"Source: Journal of Commerce Port Import/Export Reporting Service. 
10, 
5. production withheld from world production і in 2006-10 to avoid disclosing company proprietary data. 
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TABLE 2 
BORON MINERALS OF COMMERCIAL IMPORTANCE 


В2О,, 
Chemical weight 
Mineral! composition percentage 
Boracite (stassfurite) Mg3B;O,4CI 62.2 
Colemanite Са,Вс;О,,:5Н,О m 50.8 
Datolite CaBSiO4,OH 24.9 
Hydroboracite CaMgB40O,,:6H;0 50.5 
Kernite (rasortie) Na;B4,0O;4H;O 5].0 
Priceite (pandermite) CaB ,9019°7H,O 49.8 
Probertite (kramerite) NaCaB;0,°5H,O 49.6 
Sassolite (natural boric acid) Н.ВО, 56.3 
Szaibelyite (ascharite) MgBO,0H 41.4 
Tincal (natural borax) Ма,В,О,10Н;0 36.5 
Tincalconite (mohavite) Na,B,07°5H,0 47.8 
Ulexite (boronatrocalcite) NaCaB;0,:8H;O 43.0 


'Parentheses indicate common names. 


TABLE 3 
YEAREND PRICES FOR BORON MINERALS AND COMPOUNDS' 


(Dollars per metric ton) 


Price, Price, i Price, 
December 31,  December3l, December 31, 
Product _ 2008 __ __ 2009 _ NEN 2010 _ 
Borax, decahydrate, Buenos Aires 560 520 "m _ 520 
Boric acid, Chile | 2950 | 800. 735 
Colemanite, Buenos Aires, 40% boron oxide (В:О;) 420-460 370-420 — _ 370-420 
Ulexite, Buenos Aires, 40% В;О; 390-410 350-380 350-380 
500 400 400 


Ulexite, granular, Chile, 40% В:О; Eus 
Ulexite, granutar, Se) ла ала а азды e ылышы НИ ы эзш eee 


Ulexite, Lima, 40% B20; 490-520 250-300 350-370 


ИЦ ви = И АС И cM CDD CÓ CO . 
!U.S. free on board plant or port prices per metric ton of product. Other conditions of final preparation, 


transportation, quantities, and qualities not stated are subject to negotiation and (or) somewhat different 
price quotations. Values have been rounded to the nearest dollar. 


Source: Industrial Minerals, no. 495, December 2008, p. 88; по. 507, December 2009, р. 68; no. 519, 
December 2010, p. 69. 
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TABLE 4 
U.S. EXPORTS OF BORIC ACID AND REFINED SODIUM BORATE COMPOUNDS, BY COUNTRY! 


BORON. 2010 


2009 2010 
Boric acid’ Sodium Boric acid” Sodium 
Quantity Value? borates“ Quantity Value? borates“ 
Country (metric tons) (thousands) (metric tons) (metric tons) (thousands) (metric tons) 
Australia 3,990 $2,550 9,310 1,780 $1,120 4,330 
Belgium 132 172 259 3 11 14 
Brazil 448 613 3,300 1,190 1,550 927 
Canada 2,970 2,440 27,500 2,530 2,290 27,500 
China 26,500 14,500 146,000 59,900 35,000 104,000 
Colombia 190 250 3,990 159 210 6,840 
France 4,280 5,270 312 120 81 324 
Germany 316 532 1 1,380 1,670 1 
Нопр Копр Е = 4 e = - 
India 1,530 1,200 17,400 3,930 2,840 32,300 
Indonesia 833 532 4,770 1,340 935 9,630 
Italy -- -- 2,400 93 94 1,080 
Japan 22,800 16,700 19,500 46,100 32,500 25,300 
Korea, Republic of 38,800 21,700 12,700 49,700 27,700 12,700 
Malaysia 206 124 32,400 3,340 1,940 25,700 
Mexico 6,600 5,350 16,900 6,540 5,240 34,700 
Netherlands 23,000 13,200 85,900 38,600 24,200 99,200 
New Zealand 361 212 1,930 428 289 2,010 
Philippines 54 38 1,360 121 89 1,980 
Singapore 847 1,170 578 1,610 2,880 1,050 
Spain 3,000 1,700 5,890 1,840 1,080 661 
Taiwan 25,100 13,900 2,900 31,200 17,800 3,250 
Thailand 2,850 1,620 6,340 3,610 2,210 8,600 
United Kingdom 49 71 4 EN E 2 
Venezuela 82 198 501 253 2,190 240 
Vietnam 3,280 2,040 4,230 2,990 1,940 5.060 
Other. 2,990 2,620 10,700 5,630 4,270 14,900 
"ош 171,000 109,000 417,000 264,000 170,000 423,000 
~ Zero. 


1 
Data are rounded to no more than three significant digits; may not add to totals shown. 


2 ; ; 
Harmonized Tariff Schedule of the United States (HTS) code 2810.00.0000. 


"Free alongside ship valuation. 


4 
HTS codes 2840.19.0000, 2840.20.0000, and 2840.30.0000. 


Source: U.S. Census Bureau. 
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TABLE 5 
U.S. IMPORTS FOR CONSUMPTION OF BORIC ACID, BY COUNTRY! 


СС ОЭЗ == 


Quantity Value? Quantity Value? 

Country (metric tons) (thousands) (metric tons) (thousands) 
Argentina 841 $637 1,080 $790 
Bolivia 2,440 1,550 4,160 2,330 
Chile 6,550 4,390 7,340 4,380 
China 125 228 100 162 
France 750 1,190 505 657 
Germany 21 20 103 100 
India 192 257 627 607 
Italy 1,110 1,250 1,570 1,600 
Japan 82 77 173 111 
Peru 1,140 896 2,920 1,850 
Russia 4,380 2,920 923 483 
Turkey 18,300 12,600 30,000 17,000 
United Kingdom 54 54 | 2 
Other 46 43 27 39 
. Total 36,100 26,100 49.500 30,100 


1 "m 2 
Data are rounded to no тоге than three significant digits; may not add to totals shown. 
"U.S. customs declared values. 


Source: U.S. Census Bureau. 


TABLE 6 
BORON MINERALS: WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons) 


Country 2006 2007 2008 2009 2010 
Argentina 534 


670 786 500 ' 600 

Bolivia, ulexite 39' 64 56 | 86 ' 97? 
DA A Dee E 
Chile, ulexite | 460 528 583 608 504 ? 
China“ ° 

145 145 140 145 150 
Iran, богах“ 2 23 |3 r 2 

1 

Kazakhstan* 

_ Kazakhstan 30 30 30 30 30 
Peru | 191 234 350 187 293 3 
Russia? 400 

| 400 400 400 400 
Turkey 1,819! 
| р 2,128 2,139 ' 1,800 ^* 2,000 
United States W 
аана e рс W W W W 


Total 3,620! 


"Estimated. "Revised. W Withheld t id disclosi i 

| : о avoid disclosing company proprietary data, not included in total. 
World totals, U.S. data, and estimated data are rounded to no more than thre 

?Table includes data available through August 24, 2011. 

қ Reported figure. 


€ significant digits; may not add to totals shown. 


“Boron oxide (В;0)) equivalent. 

*Data are for years beginning March 21 of that stated. 

"Blended Russian datolite ore that reportedly grades 8.6% p o. 
"Concentrates from оге. 


В: 
Minerals and compounds sold or used by producers, including both actual mine production and marketable products 
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BROMINE 
By Joyce A. Ober 


Domestic survey data and tables were prepared by Michelle B. Blackwell, statistical assistant, and the world production 
table was prepared by Lisa D. Miller, international data coordinator. 


The United States was the world's leading producer of 
bromine. The U.S. portion of world production has averaged 
about 44% during the past 30 years. World production of 
bromine for 2010, excluding the United States, was estimated 
to be 450,000 metric tons (t), compared with 378,000 t in 2009 
(tables 1, 6). China, Israel, Jordan, the United States, and seven 
other countries produce bromine. In 2010, bromine sold or used 
in the United States increased significantly compared with that 
of 2009, but data were withheld to avoid disclosing company 
proprietary data. 

Bromine is one of two elements that are liquid at room 
temperature and is found principally as a dissolved species 
in seawater, evaporitic (salt) lakes, and underground brines 
associated with petroleum deposits. Primary uses of bromine 
compounds were in flame retardants (FRs), drilling fluids, water 
treatment, and brominated pesticides (mostly methyl bromide). 


Production 


Domestic production data for bromine were developed by the 
US. Geological Survey (USGS) from a voluntary canvass of 
the two U.S. producers (table 2). Albemarle Corp. and Chemtura 
Corp., both of which responded to the survey, represent 100% 
of total production. Production data collected by the USGS were 
withheld to avoid disclosing proprietary information 
(table 1). In January, Albemarle and Chemtura announced а 
strategic sourcing agreement. Chemtura agreed to purchase 
specific flame-retardant chemicals from Albemarle, and 
Albemarle assigned its brine interests at a brine unit in Union 
County, AR, to Chemtura, which is the operator of the unit 
(Chemtura Corp., 2010) 
ана in recovered from brine wells in Arkansas, where 
a in the Smackover Formation at a depth of about 
ilion 5. concentrations of 5,000 to 6,000 parts per 
ne dig romine; by comparison, seawater contains 60 to 
E mine (Hill, 2010; Albemarle Corp., 2011, p. 55). 
ар е processing, the Spent brine is returned 
Well that are камы formation by class V injection 
Agency (EPA), The n | S. Environmental Protection 
generally similar to "s ш of the spent brine 
concentration of the target ele 2. се к 
magnesium) i а 2. (such as bromine and 
(Such as calcium) may E me concentration of other elements 
© Increased through substitution (U.S. 


n: 
vironmental Protection Agency, 1999 p. 1-2, 5) 
Recycling B 


Оте bromid 
"omine and to 
Wardous 


Prevent the soluti 


ecycled to obtain elementa] 
ons from being disposed of as 
mide is emitted as а byproduct 
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from many organic reactions. This byproduct waste is recycled 
with virgin bromine brines and is a major source of bromine 
production. Plastics containing brominated FRs (BFRs) can be 
incinerated as a solid organic waste, and the bromine can be 
recovered (Frim and Ukeles, 2007). 


Consumption 


The USGS did not collect consumption data on bromine 
compounds. Apparent consumption of bromine in the United 
States, calculated by the USGS from production plus imports 
minus exports, increased in 2009 owing to expanded demand 
resulting from improvements in the global economy. The major 
consumption categories, in order of magnitude, were FRs, 
drilling fluids, water treatment chemicals, and pesticides. Other 
uses included butyl rubber, dyes, mercury emission control, 
pharmaceuticals, photographic chemicals, and surfactants. 

Estimated bromine consumption in BFRs was slightly 
less than 50%; BFRs are chemicals commonly used in many 
domestic and industrial appliances, electronic equipment, and 
other items, such as computers, furniture, insulation boards, 
mattresses, mobile telephones, televisions, and textiles. About 
90% of all electrical components contain BFRs. ` 

Late in 2009, Albemarle and Chemtura reached an agreement 
with the EPA for a voluntary phaseout of decabromodiphenyl 
ether (decaBDE) flame retardant. DecaBDE is used in consumer 
electronics, furniture, plastic shipping pallets, and textiles. 

The two companies signed a memorandum of understanding 
with the EPA to end production, importation, and sales of 
decaBDE for most uses by December 2012 and for all uses by 
the yearend 2013. Although not a producer of decaBDE in the 
United States, ICL Industrial Products (Tel Aviv, Israel) was 

a major importer of decaBDE into the United States and also 
agreed to the phaseout (U.S. Environmental Protection Agency, 
2009). Albemarle developed a line of bromine-containing 
non-decaBDE flame retardants. Bromine was an important 
component in order to meet fire-safety standards for specific 
applications (Deligio, 2010). 

Calcium bromide, sodium bromide, and zinc bromide, 
collectively referred to as clear brine fluids (CBFs), were used 
in the oil- and gas-well-drilling industry for high-density, 
solids-free completion, packer, and workover fluids to reduce 
the likelihood of damage to the well bore and productive zone. 
These high-density fluids also help to prevent migration of fluids 
between underground formations through the well bore. 

Another major use of bromine is as a water purifier and 
disinfectant, which is an alternative to using chlorine. 
Brominated compounds are used for water treatment in hot tubs 
and swimming pools and to control algae and bacterial growth 
in industrial processes. 


14.1 


Bromine compounds are effective pesticides, used both as 
soil fumigants in agriculture, particularly fruit growing, and 
as a fumigant to prevent pests from attacking stored grain and 
other produce. World trade in agricultural goods depends on 
the use of bromine compounds to ensure compliance, with 
mandatory quarantine rules. Bromine compounds also are 
used as intermediates to make other agricultural chemicals. 
Methyl bromide is the leading bromine-containing pesticide in 
the world, but its use was declining owing to the ban imposed 
by the 1987 Montreal Protocol, which classified it as a class I 
ozone-depleting substance. As part of the Montreal Protocol, 
wealthy countries were to stop using the pesticide by 2005; 
however, the United States has received annual exemptions 
for crops and other critical uses (for example, cucumbers, 
melons, orchard replants, peppers, post-harvest uses, squash, 
strawberries, and tomatoes). The critical use exemption 
is for applications where no technically or economically 
feasible alternatives to methyl bromide exist. In 2010, the 
EPA authorized use of 2,984 t or 11.7% of the historic 1991 
baseline consumption of methyl bromide for approved critical 
uses (U.S. Environmental Protection Agency, 2010, p. 23170). 
Use of methyl bromide also was allowed through a quarantine 
and preshipment exemption for agricultural commodities and 
lumber. Methyl bromide is a broad spectrum pesticide used in 
the control of nematodes, pathogens, pest insects, rodents, and 
weeds. Domestically, methyl bromide has proven to be difficult 
to replace because of its low cost and usefulness against a large 
variety of agricultural pests. 

The use of bromine and bromine compounds to remove 
mercury from flue gas emissions at coal-fired electric 
powerplants was an expanding new use for bromine. Inorganic 
bromine compounds, such as calcium bromide and sodium 
bromide, when mixed with coal at powerplants, react with 
mercury in combustion zones, forming mercury compounds that 
are captured in scrubbers, removing 9094 of mercury liberated 
during combustion (Chemtura Corp., 2009). Southern Research 
Institute (Birmingham, AL) developed a system that converts 
calcium bromide to elemental bromine gas, which then reacts 
with mercury to form mercuric bromide. The mercuric bromide 
Is captured and retained in the powerplants’ wet scrubbers 
(Southern Research Institute, 2010). 

Albemarle and MeadWestvaco Corp. were partners in 
developing brominated wood-based activated carbons for use 
in mercury control (Albemarle Corp., 2009). Chemtura also 
offered bromine and brominated derivative products for use 
in the control of mercury emissions from coal-fired plants 
(Chemtura Corp., 2009). 


Transportation 


Bromine in bulk quantities is transported in the United States 
in 7,570- and 15,140-liter (L) lead-lined pressure tank railcars or 
6,435- to 6,813-L nickel-clad pressure tank trailers. The trailers 
must be filled at least 92% full to prevent inertia effects of the 
heavy liquid while on the highway. International shipments by 
The Dead Sea Bromine Group are in 15.2- to 23.3-t lead-lined 
tank containers (isotanks) with a volume of 5,300 to 8,000 L 
For smaller quantities, lead lined tanks (“goslars”) of 3.5 t (four 
tanks packed on one isoframe) and cylinders of 4 


00 kilograms 
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are used. Dry nitrogen gas is recommended for use in pressure 
transferring bromine, although dry air may be used. The gas 
used must be absolutely dry or severe corrosion results. When 
exposed to a high-humidity atmosphere, the water content of 
bromine can exceed 300 ppm. If the water content exceeds 70 
ppm, the corrosiveness of bromine to many metals increases 
(Frim and Ukeles, 2007). 


Prices 


Because the bromine industry has few producers, published 
price lists of bromine and bromine compounds were not 
available. Although companies did not publish price data, 
they announced price changes without identifying the base 
price. For instance, Albemarle announced price increases of 
$500 per metric ton of elemental bromine and $250 per ton of 
hydrobromic acid twice during the year. By yearend, Albemarle 
prices for bromine and hydrobromic acid were $1,000 and 
$500 dollars per ton higher, respectively than at the beginning 
of 2010, but the actual price was not published. Albemarle 
and Chemtura made similar announcements throughout the 
year for other bromine compounds, indicating that prices for 
most bromine compounds rose during the year. A producer in 
China reported that elemental bromine reached almost $2,800 
per ton in China in August, up from about $1,600 per ton at 
the beginning of 2010 (Watts, 2010). Prices in China do not 
necessarily correspond to prices in the United States but tended 
to corroborate other indications of price levels and trends. 

Although not exactly the same as prices, average unit values 
of exported and imported bromine were used to identify price 
trends for bromine in 2010. The average value of exported 
elemental bromine, including cost, insurance, and freight, was 
$1,760 per metric ton, a 13% increase from $1,560 per ton 
in 2009. The average values of exported ethylene dibromide 
and methyl bromide increased 47% and 34%, respectively. 
The average value of imported elemental bromine increased 
by about 16% to $2,510 per ton. Price trends for imported 
bromine compounds varied greatly. The compounds with the 
highest quantities of imports, however, including ammonium 
bromide, decaBDE, hydrobromic acid, sodium bromide, and 
tetrabromobisphenol A (all with more than 1,000 t of imports), 
all declined in average value, decreasing by 16% on average. 


Foreign Trade 


Bromine exports were about 33% higher than those in 2009, 
although still 15% lower than those of 2008 (tables 1, 3). The 
value of exported elemental bromine and bromine compounds 
increased by 79% compared with that of 2009, reflecting the 
Significant increase in prices for exported material. Bromine 
imports were about 25% lower than those of 2009, but total 
imports of bromine and bromine compounds were 28% higher. 
The import value of elemental bromine and most bromine 
compounds decreased, but the increased value of ammonium 
bromide, hydrobromic acid, potassium bromate, and sodium 
bromate were sufficient for total bromine imports to incease 
In value (tables 1, 4). Overall, the import value for elemental 
bromine and bromine compounds increased by 6% in 2010. 
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World Review 


The United States’ share of world bromine production has 
decreased as other countries have strengthened their positions 
as world producers of elemental bromine. Israel, the United 
States, Jordan, China, Japan, and Turkmenistan, in descending 
order, had the leading bromine production capabilities in 2010, 
although none of these countries operated at capacity (table 5). 

European Union.—In Europe, methyl bromine was banned in 
2005 except for critical uses as part of the Montreal Protocol. As 
of March 18, 2010, all uses of methyl bromide were banned in 
the European Union without exception (Daily Mail, 2010). 

China.—In China, bromine operations are in Shandong 
Province. Many unlicensed bromine facilities operated in the 
area, but since 2006, the Shandong Provincial government 
and the Government of China had closed down the unlicensed 
operations. Only six companies were licensed to produce 
bromine. 

Gulf Resources, Inc. purchased several of the idled operations. 
Since 2007 through mid-2010, Gulf Resources acquired nine 
bromine operations, increasing its bromine production capacity 
to 46,300 metric tons per year (t/yr) from 12,000 t/yr. Gulf 
Resources planned to acquire 7 to 10 more bromine facilities. 
Although Gulf Resources represented only about 20% of 
China’s bromine capacity, the company was perhaps the most 
well-known as a result of high-profile public relations activities 
inthe United States (Nevader, 2010). 

İsrael —ICL Industrial Products (Tel Aviv, Israel) was one 
of the world’s leading producers of elemental bromine, with 
approximately 40% of global capacity. In 2010, ICL produced 
185,000 t of elemental bromine. ICL processes brines from 
Пе Dead Sea, which contain 10 to 12 grams per liter (g/l) of 
bromine, much higher than the next richest source in U.S. brine 
wells that contain 2 to 6 g/l (ICL Industrial Products, undated) 
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insulated wire and cable and in construction as well as more 
stringent fire codes and flammability requirements (Freedonia 
Group, The, 2009a). Above-average gains in the demand for 
FRs were expected to take place in Africa, Eastern Europe, the 
Middle East, and Latin America. 

Bromine use in CBFs is highly dependent on fluctuations 
in the oil and natural gas drilling industry. Oil and gas drilling 
activity in the United States, measured by the number of wells 
drilled, was 12% higher in 2010 than in 2009, as a result of the 
economic recovery, but was still lower than in 2008 (American 
Petroleum Institute, 2011). Consumption of CBFs in crude oil 
and natural gas drilling was expected to increase as demand for 
these commodities increases. 

Bromine water treatment chemical use was expected to show 
modest growth during the next several years. Bromine is used 
in both commercial and residential hot tubs, swimming pools, 
and whirlpools. In addition, bromine is used to treat industrial 
cooling water. Bromine has been found to be safer than its 
substitutes in sanitary preparations because bromine has a higher 
biocidal activity level for the same volume of product. The use 
of bromine compounds was expected to continue increasing 
in the hot tub, spa, and swimming pool sector as a gentler 
disinfectant than chlorine. Global demand for water treatment 
products was projected to increase in developing markets, such 
as China and India, as a result of continued industrial expansion 
and increased efforts to expand access to safe water supplies 
(Freedonia Group, The, 2009b). 

Bromine use in photography is declining as digital imaging 
replaces film in consumer and professional photography. 

Most feature films for movie theater presentation are shot 
using printed film; however, the use of digital technology was 
expected to increase and overtake film in these applications 
during the next decade. 

The market potential for bromide-based technologies to 
remove mercury emissions at coal-fired powerplants is an 
area of potential growth for the industry. Using bromide 
compounds to neutralize mercury emissions appears to 
be more cost effective compared with other materials like 
chlorine-, fluorine-, or iodine-base compounds. New regulations 
proposed by the EPA in early 2011 for reducing mercury 
emissions at powerplants by an estimated 91% were likely to 
increase demand for bromine and bromine compounds for that 
application (U.S. Environmental Protection Agency, 2011). 
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ELEMENTAL-BROMINE-PRODUCING PLANTS IN THE UNITED STATES IN 2010 


TABLE 2 


Capacity! 
Production (thousand 
State and company County Plant source metric tons) 
Arkansas: 

Albemarle Corp. Columbia Magnolia South Well brines NA 
Do. do. Magnolia West do. NA 
Do. Union Satellite plants do. NA 

Total 148 ? 

Chemtura Corp. do. E] Dorado Central and El Dorado South do. 71? 
Do. do. Marysville West do. 36 
Do. do. Newell do. 23 

Total 59 

Grand total 278 


Do., do. Ditto. МА Not available. 


! Actual production capacity is limited by brine availability. 


"Cumulative capacity of Magnolia South, Magnolia West, and Satellite plants. 


"Cumulative capacity of El Dorado Central and El Dorado South plants. 


TABLE 3 


U.S. EXPORTS OF BROMINE AND BROMINE COMPOUNDS" ? 
се mmm mamm 


= data detail the information included in table 1 und 
ata are rounded to no more than three significant digits 

Harmonized Tariff Schedule of the United States. 

Declared cost, insurance, and freight valuation. 


) 


4 


Source: U S. Census Bureau. 
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s Compound number Gross weight Br equivalent (thousands) Gross weight Br equivalent 
mental bromine 2801.30.2000 3,810 3,810 $5,930 4,530 4,530 
Other compounds: | | 
Ethylene dibromide 2903.31.0000 1,760 1,500 4,320 2,270 1,930 
– СМ вопіс 290359450 7 968 815 2,190 2,000 1,690 
2 6,540 6,120 12,400 8,810 8,150 
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(thousands) 
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6,090 
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TABLE 5 
WORLD BROMINE ANNUAL PLANT CAPACITIES AND SOURCES AS OF DECEMBER 31, 2010! 


Capacity 
(metric 
Country and company or plant Location tons) Source 

Azerbaijan, Neftechala Bromine Plant Baku 4,000 Underground brines. 
China, Laizhou Bromine Works Shandong 43,000 Do. 
India: 

Hindustan Salts Ltd. Jaipur NA Seawater bitterns from salt production. 

Mettur Chemicals Ltd. Mettur Dam NA Do. 

Tata Chemicals Ltd. Mithapur NA Do. 

Total 1,500 

Israel, ICL Industrial Products Sdom 280,000 = Bitterns of potash production from surface brines. 
Japan, Toyo Soda Manufacturing Co. Ltd. Tokuyama 20,000 Seawater. 
Jordan, Jordan Bromine Co. Ltd. Safi 50,000 X Bitterns of potash production from surface brines. 
Spain, Derivados del Etilo S.A. Villaricos 900 Seawater. 
Turkmenistan: 

Cheleken Chemical Plant Cheleken Region 4,740 Do. 

Nebitdag Iodine Plant Vyshka 2,370 | Underground brines. 
Ukraine, Perekop Bromine Plant Krasnoperekopsk 3,000 Do. 
Do. ditto. NA Not available. 
'Excludes U.S. production capacity, which is detailed in table 2. 

TABLE 6 


BROMINE: ESTIMATED WORLD REFINERY PRODUCTION, BY COUNTRY"? 


(Metric tons) 

.. Coun 2006 2007 2008 2009 2010 

оташ __ 2,000 2,000 3,500 3,500 3,500 

124,000 137,000 135,000 140,000 150,000 

= К шм эс. 431 ° 1,612 ? 840 ' 507 ' 985 

i a 1,500 1,500 1,500 1,500 1,500 
[ NN 179,493 2 159,395 5 164,042 > 127,689 ^? 185,000 ? 

ii 20,000 20,000 20,000 20,000 20,000 

Sui т=н шы 94,500 85,105 ? 85,000 80,000 85,000 

Jub 100 100 100 100 100 

Ünm ———-— 150 150 150 150 150 

үнү 5,150 ' 7,824 "> 4416 "° 4,121 ^? 4,100 

S 243,000 5 W W W W 

Total 


671,000 * 415,000 " 415,000 ^ 378,000 ^ 450,000 


T . 
Revised. 1 in • ‹ 
W Withheld to avoid disclosing company proprietary data; not included in total. 


World totals, U.S i 
Table 511 р ; data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
5. 98 data available through May 11, 2011. 

addition to the countries listed, severa] 


ауа! | i 
ien general information is inadquate 
cludes bromides and oxides, 
Reported figure. 
6 
Sold or used by producers, 
Excludes U.S. Production. 


other nations, including Iran, produced bromine, but output data were not reported; 


to formulate reliable estimates of output levels. 
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CADMIUM 
By Amy C. Tolcin 


Domestic survey data and tables were prepared by Shonta E. Osborne, statistical assistant, and the world production table 


was prepared by Lisa D. Miller, international data coordinator. 


In 2010, estimated cadmium metal production in the United 
States was 637 metric tons (t), about the same as the 633 t 
produced in 2009 (table 1). Apparent consumption of cadmium 
was 477 t, а 140% increase from that of 2009. Cadmium metal 
(including alloys, powders, and waste and scrap) was primarily 
exported to China (4096), Israel (1896), and the Republic 
of Korea (1396) (table 3). Germany (3096), Mexico (279^), 
and Australia (15%) supplied the bulk of the corresponding 
imports (table 4). The annual average New York dealer price of 
cadmium metal in 2010 increased by 3696 from that of 2009 to 
$3.90 per kilogram ($1.77 per pound). 

In2010, global primary production of cadmium increased 
slightly to 21,100 t (table 5). Most of the world’s primary 
cadmium was produced in Asia and the Pacific— specifically 
China, Japan, and the Republic of Korea—followed by Central 
Europe and Eurasia, North America, and Western Europe. 

Global secondary cadmium production was estimated to account 
forabout 25% of all cadmium metal production. Most secondary 
cadmium metal was produced from nickel-cadmium (NiCd) 

battery recycling. 

Leading consumers of refined cadmium were, in descending 
order of quantity, China, Belgium, and Japan. NiCd battery 
production continued to be the leading end use of cadmium, 
accounting for the majority of global cadmium consumption. 
Other significant end uses of cadmium included alloys, 
anticorrosive coatings, pigments, polyvinylchloride stabilizers, 
P semiconducting compounds for solar cells. The percentage 
| cadmium consumed globally for NiCd battery production has 
NS. while the percentages for the other traditional 
mici nium—spectfically, coatings, pigments, and 
wi hes 21 чы: because of environmental 
nnl аар ж battery market was concentrated 
ahich te aad ^ A IS s In several shapes and forms, 
commonly consumed up ур of uses. Slabs or sticks are 
d fakes, powder ` alloys; balls and spheres for plating; 

; ог sticks for chemicals and pigments. 
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of cadmium metal and compounds. In 2010, cadmium metal was 
produced at one primary and two secondary smelters. 

Primary.—The Clarksville refinery [owned and operated by 
Nyrstar NV (Balen, Belgium)] is an electrolytic zinc refinery 
located along the Cumberland River 80 kilometers (km) 
northwest of Nashville, TN. The complex’s main products were 
Special High Grade Zinc, galvanizing alloy, and byproducts 
included cadmium metal, intermediate copper cementate, leach 
product, sulfuric acid, and synthetic gypsum. Zinc concentrates 
were sourced from the Tennessee Valley zinc mines, which were 
also owned by Nyrstar, and from imports. 

Secondary.—The International Metals Reclamation Co. 
(INMETCO) produced secondary cadmium metal (ingot and 
shot) at its metals recovery facility in Ellwood City, PA. The 
company was established in 1978 to process stainless steel 
wastes and then expanded in December 1995 to recycle NiCd 
batteries. The cadmium recovery plant thermally recovered 
cadmium from both large industrial and portable consumer 
NiCd batteries in eight cadmium retort furnaces. The bulk 
of the cadmium metal produced was sold back to battery 
manufacturers. Chromium and nickel were also reclaimed in 
the recovery process as a ferrous remelt alloy for stainless steel 
production. In addition to NiCd batteries, INMETCO also 
processed alkaline, lithium, magnesium, nickel chloride, nickel 
iron, nickel metal hydride, and zinc carbon batteries. 

Toxco Inc.’s (Anaheim, CA) recycling operations in 
Lancaster, OH, also produced secondary cadmium metal in the 
form of ingots. Cadmium was recovered from NiCd batteries 
in 12 cadmium retort furnaces. Nickel-iron cells were also 
produced during the recycling process. 


Consumption 


Coatings and plating.—Cadmium coatings and plating can be 
applied to certain metals to prevent their corrosion. The amount 
of cadmium consumed domestically for coatings and plating 
decreased during the past several decades as cadmium plated 
parts were phased out of motor vehicles by the automotive 
industry. However, cadmium coatings were still used by the 
aerospace industry and military for some critical applications 
where coating substitution may compromise operational 
safety; the metal was commonly used to plate fasteners in 
aircraft landing gear and parachutes owing to a combination of 
properties not present in other anticorrosive coatings. | 

Nickel-cadmium batteries.—NiCd batteries have а high 
number of charge-discharge cycles, high rate of energy 
discharge, and a wide operating temperature. They power 
portable consumer electronics (commonly power tools) and 
provide emergency backup power for industrial applications and 


aircraft electrical systems. 


Domestically, NiCd batteries were thought to have been 


produced at six facilities operated by four battery manufacturing 


companies. Globally, leading NiCd battery manufacturers 
were BYD Co., Ltd. (Pingshan, Shenzhen Province, China), 
Panasonic Corp. (Japan), and Sanyo Electric Co., Ltd. (Japan). 
NiCd battery use in consumer electronics was thought to be 
declining owing partly to the preference for other rechargeable 
battery chemistries—particularly lithium ion (Li-ion) batteries, 
which have already replaced NiCd batteries in cellular 
telephones and laptops owing to their high energy density. 
However, NiCd batteries have a cost advantage compared with 
other battery chemistries and are still favored for use in less 
expensive consumer appliances and electronics. 
Industrial-sized NiCd batteries potentially could be used to 
store energy produced by certain on-grid solar or wind systems. 
About 2% of the Nation's power was generated by solar cells 


and wind farms. If this percentage were to increase to more than 


1076, mass energy storage may be required for load leveling. 
Excess energy during periods of low electricity demand could 
be stored in a battery storage system, from which it would be 


later dispatched during periods of high electricity demand. NiCd 


batteries may be a favored battery chemistry for this use owing 
to their stability in offshore and harsh weather environments. 
Pigments.—Cadmium pigments are inorganic and based on 


cadmium sulfide, which is golden yellow in color. The increased 


replacement of zinc or mercury for cadmium and selenium for 


sulfur forms the spectrum of cadmium pigments that range from 


bright yellow to maroon. Cadmium pigments are predominantly 
used to color plastics that are processed at higher temperatures, 
as the pigments are able to withstand the elevated temperatures 
without degrading. 

Solar cells.—Cadmium telluride (CdTe) flexible thin-film 
solar cells are an alternative to traditional crystalline silicon 
solar cells and are practical for commercial rooftop applications 
and large-scale, ground-mounted utility systems. CdTe 
photovoltaic cells are potentially a safe, environmentally 
friendly application for cadmium; the cadmium would remain 
contained and recyclable. CdTe cells contain an average of 7 
grams (g) of cadmium per square meter. This equates to 70 g 
of cadmium per kilowatt of electric power produced, assuming 
the cells are 10% efficient. Companies involved in developing 
CdTe thin-film technology within the United States included 
Ascentool, Inc., AVA Solar, Inc., Canrom Photovolt 
China Nuvo Solar Energy, First Solar, Inc., Primest 
Solar Fields LLC, and Zia Watt Solar (Ullal and vo 
2007). 


aics, Inc., 


n Roedern, 


Prices 


Platts Metals Week publishes a weekly and monthly New 
York Dealer price for cadmium (minimum 99.95% purity) in 
dollars per pound. The 2010 average New York Dealer price 
for cadmium was $3.90 per kilogram ($1.77 Per pound), 36% 
more than the average price in 2009. The average monthly New 
York dealer price in January was $3.64 per kilogram ($1.65 per 
pound). Average monthly prices reached a yearly high in April 
at $4.52 per kilogram ($2.05 per pound) and then generally 
decreased during the remainder of 2010, ending at $3.57 per 
kilogram ($1.62 per pound) in December. 
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World Industry Structure 


In 2010, most of the world’s refined cadmium was produced 
in Asia and the Pacific, specifically China, Japan, and the 
Republic of Korea, followed by Central Europe and Eurasia, 
North America, and Western Europe. 

Global secondary cadmium production was thought to have 
accounted for approximately a quarter of all cadmium metal 
production. Most secondary metal was produced at NiCd battery 
recycling facilities in Asia, Europe, and the United States. In 
Japan, NiCd battery recyclers included Kansai Catalyst Co., 
Ltd., Mitsui Mining and Smelting Co., Ltd., and Toho Zinc Co., 
Ltd. In Europe, NiCd battery recycling took place at Accurec 
GmbH's facility in Germany, Saft АВ plant in Sweden, and 
Societe Nouvelle D'Affinage des Metaux's two recycling 
facilities in France. 


World Review 


Australia.—Most of the cadmium metal produced 
domestically was exported; a small amount was consumed in 
the country by specialized electroplating industries. Nyrstar's 
Hobart zinc smelter, in Tasmania, produced cadmium metal 
from cadmium-bearing zinc concentrates sourced from the 
Century and Rosebery zinc-lead mines. 

Sun Metals Corporation Pty. Ltd.'s (a subsidiary of Korea 
Zinc Co., Ltd.) zinc refinery near Townsville, northern 
Queensland, had the capacity to produce 1,000 metric tons per 
year (t/yr) of cadmium cake (containing 75% to 80% cadmium). 
Sun Metals was thought to have exported most of the cadmium 
cake to Korea Zinc's Onsan zinc-lead refinery in the Republic of 
Korea, where it was refined into metal (Park, undated, p. 5). 

Belgium.—Belgium was a significant consumer of refined 
cadmium. Most of this consumption took place at Floridienne 
Chimie S.A.’s plant for the production of cadmium compounds 
(carbonate, nitrate, and oxide) and powder, which were then 
exported to downstream consumers. It was estimated that the 
company consumed 4,800 to 7,200 t/yr of refined cadmium, 
accounting for almost 40% of global cadmium production. 

Brazil.—Votorantim Metais’ (Sao Paulo, a unit of Grupo 
Votorantim) Juiz de Fora zinc smelter in Minas Gerais was the 
sole producer of refined cadmium in Brazil. 

Canada.—Teck Resources Ltd. (Vancouver, British 
Columbia) produced approximately 1,000 t/yr of refined | 
cadmium at its metallurgical complex at Trail, British Columbia. 
Refined zinc and lead metal were the main products produced 
at Trail along with a number of byproducts that included 
copper compounds, germanium dioxide, gold, indium, silver, 
and various sulfur products. The cadmium plant at Trail was 
Constructed in 1991 to handle the increased cadmium input from 
the Red Dog Mine in Alaska and can produce up to 1,400 /уг of 
refined cadmium. Cadmium metal products, which were mostly 
consumed by NiCd battery manufacturers, included balls, 
billets, and sticks, Teck also produced cadmium chemicals and 
continuously cast cadmium sheet. Cadmium sheet is commonly 
used to shield radiation measurement and control devices from 
Slow neutrons. HudBay Minerals Inc.’s (Winnipeg, Manitoba) 
copper smelting and zinc refining operations in Flin Flon, 
Manitoba, also produced byproduct cadmium metal. 
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India.—Hindustan Zinc Ltd. (HZL, Udaipur) produced 
cadmium metal at its Chanderiya lead-zinc smelter complex, 
Debari zine smelter, and Vizag zinc smelter in the form of 
sticks. During the financial year ending March 31, 2011, HZL’s 
cadmium metal production capacity was 833 t/yr. Cadmium 
production capacity by plant was as follows—Chanderiya, 460 
(уг Debari, 235 уг; and Vizag, 138 t/yr. HZL produced 493 t 
of cadmium during its 2010-11 financial period. During its next 
financial year, HZL planned to begin producing higher grades 
of refined cadmium. High-purity cadmium is typically used for 
nuclear shielding applications (Hindustan Zinc Ltd., 2011, 
p. 52, 100). 

Binani Zinc Ltd. also produced cadmium at its zinc plant 
in Binanipuram. Production capacity was 65 t/yr of refined 
cadmium. 

Korea, Republic of.—Korea Zinc (Seoul) was one of the 
leading suppliers of cadmium metal to China. Production 
capacity of refined cadmium at the company’s leading smelter, 
the Onsan zinc-lead refinery in Kyoung Nam Province, was 
approximately 3,000 t/yr. Cadmium was also produced at Young 
Poong Corp.’s (Seoul) Sukpo zinc refinery in the form of sticks. 


_ Cadmium production capacity at Sukpo was 805 t/yr. 


Mexico.—Refined cadmium in Mexico was produced mainly 
at Industrias Pefioles S.A. de C.V.'s Met-Mex metallurgical 
complex in Torreon (in the form of balls and sticks) and at 
(про Mexico S.A. de C.V.'s electrolytic zinc refinery іп San 
Luis Potosi (in the form of ingots, mini-jumbos, spheres, and 
sticks) Cadmium-bearing zinc concentrates treated at San Luis 
Potosi were sourced from Grupo Mexico’s mines, principally 
lhe Charcas zinc mine. About 60% of the zinc concentrates 
Ed at Met-Mex originated from Industrias Pefioles’ 

es. 

Peru. Cadmium metal was produced at Votorantim's 
заа zine refinery (430 t/yr of production capacity). 
т) ы ens (Lima) La Oroya metallurgical operations also 
" pacity to produce cadmium. However, operations at 

smelter ceased in 2009 owing to environmental and financial 
problems, 
saa Cadmium metal in Russia was produced at 

e'yabinsk Zinc Plant OJSC’s (Chelyabinsk) zinc refinery 


and Ura] Mining and Met 
allurgy Company’ 
Electrozinc lead-zinc eae аа 


Outlook 


| Concem Over cadmium’s 
*sislative efforts, especial! 


toxicity has spurred various 
y in the European Union, to restrict 


the use of cadmium in most of its applications. However, 
cadmium-containing residues will continue to be produced 

as a byproduct from the zinc smelting process, regardless of 
cadmium demand. If the applications and markets for cadmium 
continue to decline, excess byproduct cadmium may need to be 
permanently stockpiled and managed, similar to the situation 
that the U.S. Government now faces with mercury. 

However, demand for cadmium may increase owing to 
several new market opportunities for NiCd batteries, particularly 
in industrial applications. NiCd batteries power some battery 
electric vehicles in circulation and are also used as a source of 
power in a limited number of hybrid electric vehicles. NiCd 
batteries have been used to support various renewable energy 
installations owing to their long service life, low maintenance, 
and stability in harsh weather environments. NiCd batteries were 
also used as a buffer in transportable, renewable hybrid-power 
systems developed to generate electricity in remote locations 
and underdeveloped regions. 
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TABLE 1 
SALIENT CADMIUM STATISTICS"? 
20062007 208 299 200 
United States: 
Production of тега!“ * metric tons 723 735 777 633 637 
Shipments of metal by producers” > do. 833 692 774 737 563 
Exports of metal, alloys, scrap do. 483 424 42] 661 306 
Imports for consumption, metal, alloys, and scrap do. 180 316 197 122 22] 
Apparent consumption of metal do. 530 594 528 199 477 
Price, average, New York dealer? dollars per pound 1.35 3.45 2.69 1.30 1.77 
Do. dollars per kilogram 2.98 7.61 5.92 2.87 3.90 


World, refinery production metrictons 19,900 19,400 22,800 ' 20,8007 21,100° 
“Estimated. ‘Revised. Do., do. Ditto. 

Рана are rounded to no more than three significant digits, except prices. 

"Cadmium content. 


у Primary and secondary cadmium metal. Includes equivalent metal content of cadmium sponge used directly in production of compounds. 
*Partially estimated. 

"Includes metal consumed at producer plants to make oxide and other cadmium compounds. 

Price for 1- to 5-short ton lots of metal having a minimum purity of 99.95% (Platts Metals Week). 


TABLE 2 
SUPPLY AND APPARENT CONSUMPTION OF CADMIUM METAL"? 


(Metric tons) 
в р 355 sas sais 
Producer stocks, January 1 184 74 107 132 27 
qu — ~ 
Production 723 735 711 633 637 
Imports for consumption, metal, alloys, and scrap 180 316 197 122 221 
ee metat, а буг, and Scrap —— o 4l 

Total supply 1,090 1,130 1,100 887 885 
Exports of metal, alloys, scrap 483 424 421 661 306 


3 
Producer stocks, December 31 74 107 132 27 102 
Consumption, apparent 


Ге 1477-02 
i 530 594 528 199 417 
Data are rounded to no more than three significant digits; may not add 


mide 22 to totals shown. 
xciudes supply and apparent consumption of cadmium sulfide, cadmi | | i 
*Partially estimated. Beginning stocks may not equal ending stocks of si иеди in ч 2222. 
i 5 stocks of the prior year owing to inventory adjustments. 
Total supply minus exports and yearend stocks. 
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TABLE 3 
U.S. EXPORTS OF CADMIUM PRODUCTS, BY COUNTRY AND ТҮРЕ! 


2009 2010 
Quantity Quantity 
(kilograms) Value (kilograms) Value 
Cadmium (Cd) metal: 
Belgium 900 $18,100 X = 
Canada 22,300 129,000 28,900 $145,000 
China 335,000 823,000 122,000 350,000 
Germany 29,700 443,000 23,600 292,000 
Hong Kong 116,000 64,800 19,200 10,800 
Israel 17,000 69,300 53,600 342,000 
Korea, Republic of 76,900 274,000 38,500 99,400 
Netherlands 17,000 161,000 = ы 
Pakistan 40,400 17,700 = Е 
Sweden -- -- 15,000 56,200 
United Kingdom 3,380 22,600 - -- 
Other 2,870 ' 102,000 ' 5.410 221,000 
Total 661,000 2,120,000 ` 306,000 1,520,000 
Of which: 
Unwrought and powder 276,000 1,270,000 75,300 571,000 
Waste and scrap 137,000 319,000 = zx 
Other 249,000 537,000 231,000 945,000 
Cadmium sulfide, gross weight: 
Germany 55 m 9,990 5.200 
Mexico us -- 30,800 16,000 
Switzerland 5,640 2,940 6,140 3,190 
United Kingdom 10,600 5.510 = 25 
Total 16,200 8,440 46,900 24,400 
Total, calculated Cd content 12,600 XX 36,500 XX 
Cadmium pigments: 
Argentina ET m 60,100 123,000 
T" ИНН 11,300 52,300 9,030 99,200 
Canada 116,000 1,820,000 316,000 2,350,000 
China 13,600 44,500 36,300 158,000 
ЕКІ ГЕННЕН 5,840 44,100 2,110 13,400 
Dominican Republic 6,180 41,600 3,520 20,100 
France ы: " 5.350 42,500 
Germany 3,260 44,100 3,460 17,800 
Guatemala 96,300 156,000 96,300 172,000 
Hong Kong 24,600 42,200 2,330 10,700 
T БЕКИ 3,760 31,200 13,000 117,000 
Italy M Е 2,560 16,200 
ааа 58,800 99,600 12,800 26,700 
Мехісо 904,000 3,580,000 1,430,000 4,660,000 
New Zealand Е 2 9,320 9,270 
Switzerland 10,800 1,090,000 11,300 669,000 
Taiwan Ж К 3,430 15,000 
Trinidad and Tobago 34,500 85,200 14,300 25,500 
United Kingdom 211 4,480 6,120 21,300 
ео 50,600 ' 229,000 ' 10,300 129,000 


f . 
Revised. XX Not applicable. -- Zero. 
1 


Source: U.S. Census Bureau. 


CADMIUM.. 2016 


D 
ala are rounded to no more than three significant digits; may not add to totals shown. 
neludes exports of other cadmium (Schedule B 8107.9000) and waste and scrap (Schedule B 8107.3000). 
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TABLE 4 


U.S. IMPORTS OF CADMIUM PRODUCTS, BY COUNTRY AND ТҮРЕ! 


2009 2010 
нор Quantity 
ilo i 
Cadmium (Cd) metal: Colograme) as (kilograms) Value 
даша 38,000 $121,000 34,000 $135,000 
Belgium 14,800 301,000 16,600 | 
, і 365,000 
ваа 21,700 576,000 7,530 612,000 
сата. - 4,020 109,000 15,500 136,000 
4,040 38,200 66,300 315,000 
India s 
Japan 3 3 210 p: de 
Mes н , 28 19,500 
қ 25,500 60,000 236,000 
Norway = -- 20,000 1,040,000 
Peru 24,000 63,000 " a 
Russia = - 30 9,300 
United Kingdom 3,960 247,000 1,270 37,400 
Total 122,000 1,480,000 221,000 2,910,000 
Of which: 
Unwrought and powder 117,000 1,110,000 216,000 2,400,000 
Waste and scrap -- (de 59 6,120 
Other 4,940 371,000 4,910 509,000 
Cadmium oxide: 
. Belgium —— — 1 1 115,000 760,000 201,000 1,750,000 
ры ЕНЕ -- -- 540 13,000 
Japan 240 19,800 ss " 
Netherlands 5,230 50,000 -- -- 
United Kingdom ________ 25 2,200 - -- 
Тога! 120,000 833,000 202,000 1,770,000 
Total, calculated Cd content 105,000 XX 177,000 XX 
Cadmium sulfide, gross weight: 
Canada 55,900 446,000 140,000 611,000 
Germany | | /---- -- -- 122 32,400 
С НЕ -- -- 830 17,100 
Rusia 74,000 1,960,000 115,000 2,730,000 
— United Kingdom | -- 4,720 21,200 ІК 20004200 
Total 135,000 2,420,000 255,000 3,400,000 
Total, calculated Cd content 105,000 XX 199,000 XX 
“Belgium ______---- 750 11,100 850 12,600 
ле Т ИМРНИНИЕОНЫНЕИ 1,990 51,300 9,790 250,000 
Ты го аа 2,770 36,500 2,540 53,700 
| 2,000 8,800 -- "n 
== - = E 9,000 24,800 
olombia 59.000 
Germany 62,900 414,000 110,000 759, 
india 3 7,560 2a 0 
т 487 42,200 58 l 17 
Netherlands и = 522 n 
Sweden n a | ne 
United Kingdom 58,900 1,050,000 99400 ____ EE] 
Tomi 130,000 1,630,000 232,000 2,850,077. 
icable. -- Zero. 
Ne “ae than three significant digits; may not add to totals shown. 


ага are rounded to no more 
?Includes imports of other cadmium 
(HTS 8107.30.00). 


Source: U.S. Census Bureau. 


[Harmonized Tariff Schedule of the United States (HTS) 8107.90.00] and waste and scrap 
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TABLE 5 
CADMIUM: WORLD REFINERY PRODUCTION, BY COUNTRY? 


(Metric tons) 

Country? 2006 2007 2008 2009 | 2010* 
Argentina 6 35 38 36 35 
Australia = § © 329 351 350 370 350 
ГЕ =. CN ERN 141 200 * 200 * 200 200 
QI 363 459 460 * 420 ' 440 
Canada’ 2,090 1,388 1,409 1,299 1,300 
China’ 3,790 4,210 6,960 ' 7,000 ' 7,200 
Germany’ 640 400 420 ' 278! 400 
India 457 583 599 610 620 
Italy” 10 10 10 10 10 
Japan 2,287 1,933 2,116 1,824 2,053 ? 
Kazakhstan 2,000 2,100 2,100 * 1,800 1,800 
Korea, North® 200 200 200 200 200 
Korea, Republic of 3,320 2,846 3,090 2,500 * 2,500 
Mexico 1,401 1,617 1,550 1,210 1,483 ? 
Netherlands 524 495 530 490 580 
Norway 125 269 178 249 300 ° 
Pen 416 347 371 375 400 ? 
Poland 373 421 603 534! 530 
Russia 690 810 800 700 NA 
Ukraine” 25 25 25 25 25 
United Stas! 723 735 777 633 637 ° 


Total 


lable gives unwrought production from ores, concentrates, flue dusts, and other materials of both domestic and imported origin. 
5 


This 

Sources enerally d 
footnote. Data deri 
Metal Statistics (p 
Cadmium is foun 
elsewhere to recover cadmiu 
data available through May 4, 2011. 


2 
Wok totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
Romania, Thailand, and Uzbekist 


estimates of Output. 
4 

Includes secondary, 
5 

Reported figure, 


6 
Excludes signi i 
gnificant production of both cadmium oxide and cadmium contained in exported concentrates. 


CADMIUM Sc 


о not indicate if secondary metal (recovered from scrap) is included or not, where known, this has been indicated bya 
ved in part from World Metal Statistics (published by World Bureau of Statistics, Ware, United Kingdom) and from 
ublished jointly by Metallgesellschaft AG of F rankfurt am Main, Germany, and World Bureau of Metal Statistics). 
d in ores, concentrates, and (or) flue dusts in several other countries, but these materials are exported for treatment 
m metal; therefore, such output is not reported in this table to avoid double counting. This table includes 


ап may produce primary cadmium metal or oxide, but information is inadequate to make reliable 


г 
ыы 19,900 19,400 22,800 ' 20,800 21,100 
"Estimated. "Preliminary. "Revised. NA Not available. 
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CEMENT 
By Hendrik G. van Oss 


Domestic survey tables were prepared by Richard H. Kraft, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


Production of portland and masonry cement in the United 
States in 2010 totaled 66.4 million metric tons (Mt) 
(able 1). This was nearly 4% higher than production in 2009, 
but output in 2009 was the lowest since 1983. Measured by sales 
to domestic final customers, domestic consumption of cement in 
2010 declined slightly to 70.5 Mt (table 9) and thereby replaced 
2009 as the lowest sales volume year since 1983. However, the 
decline in 2010 was mostly because of very low sales volumes 
inthe first 2 months of the year; sales for the remainder of the 
year showed a 3% increase overall. In perspective, consumption 
02010 was 57.5 Mt, or 45%, lower than the record level in 
2005. Whereas the large (nearly 27%) decline in sales volumes 
_ 12009 was accompanied by comparatively modest (4%) price 
decreases, prices fell substantially in 2010 and the overall value 
ofsales fell by nearly 8% to about $6.5 billion (tables 1, 11-13). 
Based on typical portland cement mixing ratios in concrete, the 
delivered value of concrete (excluding mortar) in the United 
Stales was estimated to be at least $37 billion in 2010. World 
n production increased by 9% to 3.31 billion metric tons 
| Percentage or other changes expressed in this report compare 
э | ES that of 2009 unless specified otherwise. 
| erwise indicated, data and trends in this 
"port exclude those in Puerto Rico. Cements covered in this 
Каја mainly limited to those hydraulic varieties broadly 
н кы ын (including blended cement and 
(including portland. lime а 5e s зан 
ай i SOMMA па plastic cements); these are the 
ук dy DONA ete and most mortars. A few other 
na) are Шил апа ey clinker (notably aluminous 
and 21) and within the us кіч бу еллар 
wher incorporated ae де. production data (table 22). Except 
ended) or Fidis Se within finished portland 
ме ents or as raw feed for clinker. this 
Ports tables exclude supplementa ‘i dax 
‘such as fly ash, other B cementitious materials 
blast furnace slag (GGBFS pozzolans, and ground granulated 
). Sales data for blended (also called 


composite) cements |: 
i ts | 
available in isted separately from portland cement are 
3, и. Зигуеу (USGS) 
€ Dulk of this report j 
| rt IS based - | 
ШИТ oo €d on data com қ 
i мт sent to cement and cl s ede 
and some Ned distribution facilities 
Hip пај that are independ 
» acturers, For 2010 по 
à ІҢ; facilities сап 
cluded а the produc 


Y completed, bu 
e 


were received from 152 of 156 facilities canvassed, a response 
rate of 97%, which included all of the production sites. If 
missing data could not be obtained by followup telephone 
inquiries, they were estimated based on monthly data or past 
annual reporting. For both years, the data exclude several 
importers that have yet to participate in the surveys. To the 
degree that they are independent of the participating companies, 
sales by the missing importers for 2009 and 2010 are estimated 
to be no more than an additional 196 of the total portland 
cement sales tonnages shown in this report. General background 
information on cement and its manufacture and on the USGS 
cement canvasses is given in van Oss (2005). 


Government Programs and Environmental Issues 


Various Government programs provide funding and direction 
for public sector construction and are thus of importance 
to cement consumption levels when budgets are actually 
established. By comparison to some other construction 
materials, however, concrete can be less sensitive to rapid 
swings in construction spending levels, owing, in part, to lead 
times preparatory to concrete construction and the common 
need to coordinate between State and Federal agencies. Because 
of very low cement sales volumes, it was likely that very little of 
the 2009 Recovery and Reinvestment Act (ARRA) ("stimulus") 
funding was spent in 2009 on concrete construction projects, it 
had been widely anticipated that concrete projects would benefit 
from ARRA spending in 2010. By yearend 2010, continued 
lackluster cement consumption levels indicated that little 
stimulus spending had gone to concrete projects in that year 
either. 

Environmental issues pertaining to the cement industry are 
mostly associated with the manufacture of the intermediate 
product called clinker. In making clinker, the consumption 
of large amounts of raw materials and fuels leads to large 
emissions of carbon dioxide (CO,), and can yield significant 
emissions (if not scrubbed out) of nitrogen oxides (NOx), 
sulfur oxides (SOx), mercury and some other metals, volatile 
organic carbon compounds, and particulates. Increasingly, these 
emissions are regulated or are being considered for regulation or 
reregulation. 

The largest volume emissions are of CO,; the cement industry 
is one of the leading industrial emitters of this greenhouse 
gas (GHG). Overall, generation of CO, by the U.S. cement 
industry in 2010 was calculated to be in the range of 0.87 to 
0.92 metric ton (t) of CO, per ton of clinker produced; the 
high end incorporates fuel combustion emissions calculated 
using "standard" heat values for the fuels consumed (table 7), 
and the low end incorporates heat values actually reported by 
the individual plants. Both ratios are unchanged from those of 
2009, and include a standard emissions factor from calcination 
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of limestone of 0.51 t of CO, per ton of clinker as detailed by 
the Intergovernmental Panel on Climate Change (Hanle and 
others, 2006), but exclude any correction for cement kiln dust 
(CKD) not recycled to the kiln (for which data are lacking). 
The standard calcination component of CO, emissions can be 
reduced in the calculation in proportion to the calcium oxide 
contributed by noncarbonate alternative raw materials such as 
ferrous slags and coal combustion ashes. This incorporation 
would allow a reduction of calcination-related emissions of 
about 2.5% (0.8 Mt) in 2010 and 2.4% (0.7 Mt of CO,) in 2009; 
relative reductions can be significantly larger for the subset 

of individual plants that actually burn these alternative raw 
materials. Certain fuels, including alternative or waste fuels, 
can either directly reduce plant-level CO, emissions or may be 
allowed to be deducted from reported combustion emissions 
because the fuels are considered to be carbon-neutral (certain 
biofuels) or because credits may be allowed for their use 
(certain waste fuels). Fuel deductions have not been made in 
the averages noted above. Plant-level emissions can be reduced 
through upgrading to more fuel-efficient kiln line technology. 
Unit emissions on a finished product basis can also be reduced 
by use of SCM in finished cement and in concrete to reduce 
the clinker content of these products and (or) by allowing 

the addition of “inert” fillers to boost cement output without 
simultaneously boosting clinker output. 

The U.S. Environmental Protection Agency (EPA) has long 
used methods similar to those used above to calculate and report 
overall U.S. levels of GHG emissions by various industries; 
for cement, these methods made use of national-level clinker 
production data published by the USGS. However, to eventually 
refine the determination of U.S. emissions of GHG, the EPA 
released a final rule for mandatory site/plant-specific reporting 
of GHG emissions, with reporting to begin in 2010 
(U.S. Environmental Protection Agency, 2009b). For the cement 
industry's CO, emissions, relevant calculation procedures were 
covered under Part 98, subpart C (p. 56397—56411) for fuel | 
combustion, and in subpart H (p. 56420-56422) for calcination 
and related process pan The 5. sean А be; 2010 

orting (U.S. Environmental Protection cy, 
bot peri а USGS data for clinker production, show 
an average emission of 0.90 t CO, per ton of clinker, excluding 
the EPA addition of minor CO,-equivalent emissions of methane 
and nitrous oxide arua this is in close agreement with the . 

i noted above. 

ее 2010, the EPA issued the final rule Eea 
to the national emissions standards for hazardous ait po | B nts 

ESHAP), in which new, very low, limits on individua plant 
(N dae f mercury total hydrocarbons, particulate matter (as 
= x r nonvolatile metal pollutants), and hydrochloric 
А — tablished for cement plants that do not burn 
anne tes (U.S. Environmental Protection Agency, 
The fond Ше revised the emissions limits in the 2009 


i ion Agency 
P (U.S. Environmental Protection Agency, 
pr oposed — final rule's standards were 55 pounds 
ticdu er million short tons of clinker for existing plants 
of mercury p 43 pounds); and 21 pounds of mercury (revised 
(revised from It remained unclear how many 


for new plants. 
pu 1 — the standards using their current mix of 
plants 
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raw materials and fuels without installing a mercury scrubber. 
Likewise, it was unclear how many, if any, plants could meet the 
NESHAP standards for all four pollutants. The rule provided for 
a 3-year compliance timeframe. 

In June 2010, in response to a 2007 District of Columbia 
Circuit Court of Appeals decision vacating several of the 
definitions within the commercial and industrial solid 
waste incineration units (CISWI) sections of the Resource 
Conservation and Recovery Act (RCRA), the EPA issued 
proposed new definitions as to what nonhazardous secondary 
materials would be considered to be solid wastes (U.S. 
Environmental Protection Agency, 20102). This ruling 
potentially would affect the regulatory status of a large number 
of cement plants because many of them routinely burn a variety 
of alternative raw materials and fuels instead of, or as partial 
substitution for, traditional geological raw materials and fuels. 

In June, the EPA proposed options for modifying how coal 
combustion residuals (CCRs, also known as coal combustion 
products or byproducts), particularly fly ash, were to be 
regulated under RCRA. Under one option, CCRs would 
be classified as “special waste" and subject to regulation 
under subtitle C when destined to be landfilled but not when 
beneficially reused. Under the second option, disposal of the 
CCRs would essentially remain as currently regulated under 
subtitle D (U.S. Environmental Protection Agency, 20106). 
Concern in the construction sector was that if fly ash were 
to be reclassified as a hazardous waste, even under restricted 
circumstances, the material would be stigmatized and demand 
for it would decrease or cease altogether (Goss, 2010). 


Production 


Output of portland cement increased by 4.2% to 64.5 Mt ІП 
2010 (table 3), after а nearly 26% decline in 2009. Following 
a weak first quarter, production responded to modest increased 
sales demand thereafter, but, except for 2009, output for 
the year remained the lowest since 1991. Although most of 
the cement import terminals are controlled by the domestic 
cement producers, with import volumes mainly in response to 
production shortfalls, closure or idling of some тоос 
import facilities may have stimulated some of the additiona : 
domestic production. Production increases and declines among 
districts were mixed, but most declines were small. A few 
districts (especially Missouri) showed substantial increases. 
Yearend stockpiles increased by about 2%. РТ 

Overall annual production capacity in 20 10 was od ШЕ 
a slight decline resulting from the closure in 2009 of v" im 
one each in California, Pennsylvania, Michigan, m is 
The plant count in 2010 reflects these closures, but tha e 
California is somewhat artificial because the 2009 ed : 
an essentially idle facility that produced a small т А 
masonry cement (hence retained active EU к alit 
that year but which was considered closed т 2 x zrinding 
both years show somewhat inflated plant coun ШІН ‘dle 
capacities, because while certain plants remaine EIE en 
for all of both years, no formal closure announce ve facilities 
had been made as of yearend 2010. Most of these 


remained active as distribution terminals. 
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Continued weakness in the housing, especially multifamily 
units, construction sector led to a 3.4% decline in masonry 
cement production in 2010 to just 1.9 Mt (table 4), the lowest 
level since at least 1954. The percentage decline in 2010, 
however, was much lower than the 35% decrease in production 
in 2009 relative to that in 2008. 

With multiple subsidiaries of common parents combined 
under the larger subsidiary’s name and with joint ventures 
apportioned, the 10 leading companies at yearend 2010, in 
descending order of portland cement production, were CEMEX, 
Inc., Holcim (US) Inc., Lafarge North America Inc., Lehigh 
Cement Co., Buzzi Unicem USA Inc. (including Alamo Cement 
Со), Ash Grove Cement Co., Essroc Cement Corp., Texas 
Industries, Inc. (TXI), Eagle Materials Inc., and St. Marys 
Cement Group. The U.S. industry continued to be heavily 
consolidated, with the 5 leading cement companies, combined, 
contributing nearly 60% of total U.S. portland cement 
production, and the 10 leading companies accounting for 8296 
of total production. Of the above named companies, all except 
Ash Grove and ТХІ were foreign owned as of yearend, and for 
the US. industry overall, about 81% of total cement output was 
by foreign-owned companies. 

Clinker output in 2010 increased by 6.6% to 59.8 Mt 
(Ше 1,5) but, except for 2009, was still the lowest production 
since 1983. Clinker production actually increased significantly 
mnearly all months after March, but January through March 
showed a 13.3% decline overall. Apparent annual production 
capacity declined by about 4% to 109 Mt, reflecting kiln and 
(or plant closures the previous year, but utilization of capacity 
pd "ue to about 55% from 49% in 2009. Utilization 
d T ge well below e presumed "full practicable" 
rar of high a e of 85% or more experienced during 
ЖИЕ. a E es volumes. It should be noted that the 
ii d а on the reported downtime for 
longer than normal dani vies diis. ae Cae ee 
this was obvious шкы be purpose in 2010; where 
Consultation with the plant ие (а iter 
aralt fidos sree 5) io коше the extra downtime 
stockpiles shower rom the Statistic. Yearend clinker 
tavdown would pb кк, of 7.2%. This apparent 
relative to subsequent cement Icate production shortfalls 

production, but the statistic is 


difficult t 

die Pire кы ы, of regional variation in the 
es an 

much or all of th ae 
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a 22% increase in the consumption of granulated blast furnace 
slag for cement; this is in accord with increased sales of blended 
cements that contain GGBFS, although the relative sales 
increase is even larger (table 15). 

For fly ash and bottom ash, the table 6 data in the past have 
been similar to those published by the American Coal Ash 
Association (ACAA) for sales during the year for use in making 
clinker and cement (combined). For 2010, however, the ACAA 
tonnage for fly ash (1.856 Mt) was 26% lower than that in table 
6, and the ACAA tonnage for bottom ash (0.861 Mt) was 1896 
higher (American Coal Ash Association, 2011). It is unclear if 
the differences represented an issue of actual sales (as reported 
by the ACAA) versus consumption, including from stockpiles 
(table 6), or problems with mischaracterization of the material 
in one or both surveys. The “Gypsum and anhydrite” data for 
2010 in table 6 included 0.801 Mt of synthetic gypsum, but 
this may underrepresent actual use of the synthetic material 
because a split, if any, between natural and synthetic gypsum is 
not required by the USGS canvass. In recent years, the USGS 
data for synthetic gypsum have exceeded those reported by the 
ACAA, likely because the ACAA does not survey the cement 
plants’ own production of the synthetic material. In 2010, 
however, the ACAA reported 1.03 Mt of synthetic gypsum sales 
to the cement industry. 

Data on fuel consumption by the cement industry are listed in 
table 7. Data shifts can reflect activities at just a few plants. In 
terms of overall mass ratios among fuels in total and relative to 
clinker production, significant declines in 2010 were especially 
evident for wet plants, reflecting the lower plant count. For dry 
plants, a decline in fuel oil consumption was likely because of 
escalating fuel oil prices and appears to have been more than 
offset by an increase in consumption of liquid waste fuels. 

Although not shown in table 7, overall heat consumption 
(gross heat basis) in 2010 was about 4.1 billion joules (GJ) per 
metric ton of clinker, down slightly (2.696) from the revised 
average for 2009. The reduction appears to reflect a combination 
of the closure of wet plants in 2009 and of wet kilns at two 
former combination plants (which were thus dry plants in 
2010), and the addition of a dry kiln at a former wet plant. Heat 
consumption at the remaining operational wet plants averaged 
6.7 GJ per ton of clinker, very slightly (probably of no statistical 
significance) higher than the revised average for 2009, and dry 
kilns averaged 4.0 GJ per ton of clinker, very slightly lower. It 
remained unclear whether or not the industry was experiencing 
any heat (efficiency) penalties for the common practice in 2009 
and 2010 of operating kilns on an intermittent basis and with 
longer overall downtimes than customary in busy years. For 
the industry overall, coal continued to supply the largest share 
of total heat consumed (62%, up by about 3%), followed by 
petroleum coke (about 1996, down by nearly 1096), and waste 
fuels (14%, up by 8%). 

Average unit electricity consumption was substantially 
unchanged in 2010 for the industry overall and for dry plants, 
but increased at the remaining wet plants (table 8). As with heat 
consumption, many plants operated on an intermittent basis in 
2009 and 2010, and this has made it difficult to evaluate changes 
related to closures of older facilities and to technology upgrades. 
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The only significant ownership change in 2010 within the 
U.S. cement industry was the purchase in May of Continental 
Cement Co. by Summit Materials, LLC (2010). Continental was 
an independent company that operated a 1.0-million-metric- 
ton-per-year precalciner kiln plant at Hannibal, MO. Toward 
yearend, Drake Cement LLC completed construction of its new 
1,800-metric-ton-per-day (t/d) integrated plant at Drake, AZ. 
Production of clinker and cement was expected to commence 
in early 2011. Drake Cement was a subsidiary of Peruvian 
company Cementos Lima SA. 

The pace of plant closures and long-term idlings slowed in 
2010 by comparison to 2008 and 2009. In March 2010, CEMEX 
closed the Wampum, PA, plant, which had been the oldest 
continuously operating cement plant in the country. In December, 
Buzzi Unicem announced that the "indefinite idle" status of its 
Oglesby, IL, plant, which had been idle since November 2008, 
would now be considered permanent. The company expected to 
' service the Illinois market from its plant at Selma, MO. At the end 
of October, Lafarge permanently closed the kilns at its Seattle, 
WA, plant but announced that the facility would retain its grinding 
facilities, primarily to produce GGBFS from imported granules. 
In July, TXI announced that the wet kilns at its Midlothian, 

TX, plant would be closed; they had been on indefinite idle 

status since October 2008. The facility continued to operate its 
precalciner (dry) kiln. In addition to these plant closures, and as in 
2009, many operating multikiln plants had one or more kilns idle 
for all or extended portions of 2010. 

Although several plant upgrade or expansion projects 
remained on hold pending a recovery in cement sales, a few 
projects were completed in 2010. In March, Ash Grove fired 
its new precalciner kiln at its Foreman, AR, plant; the new 
kiln had an annual capacity of about 4,200 t/d and replaced 
the facility's three wet kilns (total capacity of 2,500 t/d ) that 
shut down in February. The new kiln line also had new milling 
facilities. At its Newberry, FL, plant, Florida Rock Industries, 
Inc. (a subsidiary of Vulcan Materials Co.) brought а second 
precalciner kiln online in June. The new kiln had an annual 

«v of about 0.74 Mt of clinker and was essentially 
capacity о un ii b Беа 
| ‘cal to the existing kiln at the facility. Essroc broug | 
e dud mill online at its Martinsburg, WV, plant early in 
5 this followed the startup of the plant's precalciner kiln in 


November 2009. 
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revenues. Beginning in March, however, sales of portland cement 
began to improve, albeit erratically and relative to the weak levels 
seen in 2009. Thus, although sales for 2010 overall were down 
by 0.5% (table 9), those for March through December were up by 
3.196. Individual State changes in sales were mixed; of the three 
traditionally largest consuming States (California, Florida, and 
Texas), only Texas showed an increase in 2010. The single largest 
gain in sales volumes was in Louisiana. Per-capita consumption 
of portland cement was 222 kg in 2010, significantly unchanged 
from that of 2009, and was the lowest level since 1947. By 
comparison, during the record consumption year of 2005, per 
capita consumption was 413 kg. After declining by 31% in 2009, 
masonry cement consumption decreased by a further 9% in 2010 
to just 1.9 Mt, the lowest level since 1946. 

As noted earlier, the sales data in this report are missing 
some imported material. An estimate of cement sales volumes 
by importers that do not report to the USGS can be made by 
comparing U.S. Census Bureau trade data (tables 17 and 21) 
with the USGS data for import origins of sales (table 9). The 
U.S. Census Bureau cement imports (including into Puerto 7 
Rico) were about 0.35 Mt higher in 2010 than the foreign origin 
tonnages reported to the USGS and 0.49 Mt higher than those 
of 2009. These differences, however, appear to underestimate 
the missing sales of imported cement, based on known gaps 10 
the USGS sales data relating to the imports (table 18) from the 
Republic of Korea into the Philadelphia, PA, customs district 
and of much of the material from Colombia into the Houston, 
TX, Savannah, GA, and Wilmington, NC, districts. Adjusting 
for these, and for stockpile changes at importers, it is estimated 
that the annual sales tables are missing at least about 0.4 Mt of 
sales in 2010 and about 0.6 Mt in 2009. | | 

Although table 9 gives the better indication of regional 
consumption tonnages, regional breakouts of price data (as 
mill net values) are listed in tables 11 and 12. Unit prices | 
fell only modestly in 2009 despite the very large decrease ІЛ 
sales volumes, but in 2010, prices for portland cement fell 
significantly almost everywhere in the country. Price adl A 
commonly lag changes in sales volumes because of the im 
existence of long-term pricing contracts, and prices in 2 | 
appeared to have "caught up" to the oversupply of cemen : 
on the market. Price shifts for masonry cement (table 13) ar | 
difficult to evaluate because of the high but variable pe 
of sales that are in bag or package form rather than the = ; 
cheaper bulk form; the split between bag and bulk sales 15 


reported to the USGS. 

Table 10 lists sales of port | 
transportation. The major change evident was 
percentage of sales in 2010 were directly at or 
plants (as opposed to from terminals) than was th : 
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the second largest sector, was essentially stagnant at about 

$164 billion; within this sector, single-family construction spending 
increased by nearly 9%, and multifamily construction spending 
decreased by nearly 50%. Nonresidential construction spending 
decreased by nearly 29% to about $94 billion. 

Abreakout of 2010 portland cement sales by customer type is 
provided in table 14. Sales to ready-mixed concrete producers 
accounted for 69% of total shipments, but the true percentage 
to this tyne of customer was larger because some of the sales 
were reported under other customer categories, such as road 
paving contractors, that also make use of ready-mixed concrete. 
As listed, the sales to ready-mixed customers fell by 3.7%, but 
if combined with airport and road paving contractors (to better 
approximate true sales into the ready-mixed sector), the decline 
was just 1.9%. Within the contractor sales category, overall sales 
for road paving increased by nearly 28%, considerably higher 
than the overall spending increase noted above, and suggestive 
ofa possible gain in concrete's market share in that subsector. 
Sales to brick and block makers declined by nearly 11%, and 
sales to precast and prestressed slab makers decreased by about 
4%, Sales to oil (and gas) well drilling companies were up by 
55%, in line with increased oil and gas prices during the year, 
and presumably would have been higher if there had not been a 
(month moratorium on offshore drilling in 2010. 

Sales of various types included as portland cement by the 
USGS are broken out in table 15. As in past years, sales were 
dominated by Types I and II cements and sulfate-resistant 
vaneties of cement (Type V and Type II/V hybrids reported as 
Type Vy; these also included equivalent cements sold under 
the specifications of ASTM C-1157. Most of the decline in 
sales in 2010 was in the Types I and II grouping. Oil-well 
is pi were Upas noted above. White cement sales 
% кы. 11%. Unlike the case in recent years, the 
nace т. EE in 2010 was significantly higher 
e desc Ку es cement (table 20). The relationship of 
уо А vi Imports has always been complicated 
а in cement in masonry cement (sales of 
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sales by the U.S. industry and continued to be small compared 
to cement imports. Canada was the main destination for U.S. 
exports, accounting for 69% of the total. 

Total imports of cement and clinker in 2010 fell slightly to 
6.6 Mt (tables 1, 17), continuing, but at a much slower rate, 

a trend of decline since the record importation year of 2006 
(35.6 Mt). As usual, most of the imports were of gray portland 
cement, and most of the decline in imports was of material 

from Colombia and Turkey. Imports from most other countries 
increased (table 19). As in 2009, Canada remained by far the 
leading source of cement imports. Imports from Asian countries, 
although growing slightly in 2010, had yet to even remotely 
recover their dominance of former years (such as 54% of total 
Imports in 2006). 

Official imports of white cement are listed in table 20. In 
many past years, and based on unexpectedly low unit values, 
the data appeared to have included some gray cement or clinker; 
the apparent errors were because of the use of the wrong tariff 
code by importers. For 2010, the average unit value for imports 
from China indicates the possible inclusion of some tonnage of 
gray cement. For 2009, the value data for the Republic of Korea 
suggest that most of the material was gray cement. 

Imports of clinker increased by 10% to 0.61 Mt (table 21), 
but the data are incomplete with regard to overland imports 
from Canada; the tonnages listed are insufficient to have fully 
supplied the three grinding plants in Michigan and Washington. 
The annual deficit is estimated to be about 0.2 Mt in both 2009 
and 2010. The unreported Canadian clinker appears mostly to 
have come in by truck, at a value of less than $2,000 (customs 
value) per truckload; such shipments are classified as “informal 
entries” and data on them are not routinely transmitted by the 
U.S. Customs Service to the U.S. Census Bureau for recordation 
into the official trade data (reproduced in tables 17-21). This 
problem presumably does not exist for imports by rail or by ship 
because these shipments are larger. 

For cement and clinker combined, the 10 busiest customs 
districts of entry in 2010 were, in descending order of tonnage, 
Detroit, MI; Seattle, WA; Houston-Galveston, TX; Buffalo, NY; 
Cleveland, OH; Columbia-Snake, ID, OR, and WA; Honolulu, 
HI; El Paso, TX; New York, NY; and San Francisco, CA 
(table 18). These leading districts accounted for about 72% of 
the total imports for the year. 


World Review 


World hydraulic cement production data are listed in table 22. 
The data are intended to include all forms of hydraulic cement; 
however, the data for the United States are for portland and 
masonry cement only and data for some other countries may 
be incomplete. For some countries, the production data may 
include exports of clinker. 

World cement output in 2010 was an estimated 3.31 Gt, up by 
about 996. Production was from more than 150 countries. China 
was again the world's leading producer by far, with an output of 
1.88 Gt or nearly 5796 of the world total. 

The remaining top 20 producers in 2010 were, in descending 
order of tonnage, India, the United States, Turkey, Brazil, 
Japan, Russia, Iran, Vietnam, Egypt, the Republic of Korea, 
Saudi Arabia, Thailand, Italy, Mexico, Pakistan, Germany, 
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Spain, Indonesia, and Algeria. Cumulatively, the top 5 countries 
accounted for 6996 of total world output; the top 10 countries, 
about 76%; and the top 20 countries, about 86%. 

Regionally, Asia and the Pacific contributed nearly 7394 
of world production, including 9 of the 20 leading producing 
countries, and had the highest growth rate of all regions; the 
region had accounted for 58% of world output in 2000 and 65% 
in 2005. Because of this rapid growth in Asia (particularly in 
China), most other regions, although increasing output tonnage, 
have had generally diminishing shares of total world output. For 
example, North America (including Mexico) contributed 8% of 
world output in 2000 and 6.5% in 2005 but only 3.5% in 2010. 
Central and South America (including the Caribbean) accounted 
for about 596 of world production in 2000 but less than 496 
in 2010. Western Europe contributed 1296 of world output in 
2000 but only 996 in 2005 and just 5% in 2010. Eastern Europe 
produced nearly 2% of world output in 2000 but just 1.496 in 
2010. Other regions have held fairly constant world shares during 
the past decade, at about 4% for Africa, nearly 7% for the Middle 
East, and about 396 for the Commonwealth of Independent States. 


Outlook 


The general increase in cement sales that began in March 
2010 was expected to continue in 2011, with sales for 2011 
anticipated to be about 3% higher for the year and with further 
modest increases expected for the next few years thereafter. 
High rates of growth were not expected until the housing market 
and tax revenues to States recovered significantly. Absent 
improvement to the latter, State contributions to public sector 
construction projects would likely continue to be hampered. 

Given the significant underutilization of production capacity 
in 2010, domestic production normally would be favored 
instead of imports to meet all or most increases in short-term 
cement demand. However, given that much of the underutilized 
capacity was in the form of year- or multiyear-long idlings of 
extra kilns (or even of entire plants), and because many of the 
idle kilns were old or of energy-inefficient technology, many 
of the older facilities may be unable to meet or justify upgrades 
to meet NESHAP emissions limits. Because many plants have 
experienced significant and extended layoffs of personnel, it was 
unclear how quickly domestic production could recover should 
demand increase faster than expected. Thus, while imports were 
not expected to increase in 2011, these production-related issues 
offered the possibility of imports gaining market share in the 
medium term. In the long-term, should the cement market recover 
to high (such as 2005) consumption levels, and if NESHAP or 
other new regulations lead to a large number of plant closures, 
it is unclear if current importation capacity will be adequate to 
compensate for the production shortfalls. 
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TABLE | 
SALIENT CEMENT STATISTICS FOR THE UNITED STATES"? 


(Thousand metric tons unless otherwise specified) 


—— — a ЕЕ Е ЕССЕ СС СЕ СС 


2006 2007 2008 2009 2010 

Сеше 98,167 95,464 86,310 63,907 ' 66,421 
~ Clinker 88,555 86,130 78,382 56,116 59,802 
Shipments from mills and terminals; ^? 

Quantity 127,000 114,000 96,700 71,000 ' 70,300 

Value thousand dollars 12,900,000 11,900,000 9,990,000 7,020,000 6,470,000 

Average value dollars per metric ton 101.50 104.00 103.50 99.00 92.00 
Stocks, yearend: 

Cement uk 9,380 8,890 8,360 6,080 6,180 
~ Clinker 5,370 6,550 7,070 5,130 4,760 
Exports 723 7 886 ' 823 884 1,178 
. Cement 32,141 21,496 10,744 6211 6,013 

Clinker 3,425 972 621 556 613 

Total’ 35,566 22,468 11,365 6,767 6,626 
Consumption, apparent ® 127,660 116,550 96,760 71,510 € 71,160 
World production" '' 2,620,000 ' 2,810,000 2,850,000 3,030,000 ' 3,310,000 


"Estimated. "Revised. 


! ООО ; y 
Unless otherwise indicated, data are for portland (including blended) and masonry cements only. Even where presented unrounded, data are 
thought to be accurate to no more than three significant digits. 


Excludes Puerto Rico. 


3 . . 
Includes cement made from imported clinker. Includes а double-counted component (less than 0.3% per year) of portland cement subsequently 
converted by the cement plants to masonry cement; because of the involvement of stockpiles, the precise amount converted from actual production 


cannot be determined. 


"Includes imported cement. 


4% 
Sh j | | | | 
ipments to final domestic customers. Data are from an annual survey of plants and terminals and may differ from the totals in table 9, which are 


based on consolidated monthly surveys from companies. 


by), AP 
Value free on board mill or independently reporting terminal. 


‘Official 
ісігі export data have been corrected 
653,255 metric tons in 2007. 


8 
a forms of hydraulic cement or clinker, 
Data may not add to totals sl 


h | 1own because of independent rounding. 
Production ( 


including that from 


Kis imported clinker) of cement plus imports of hydraulic cement minus exports of hydraulic cement minus the 
Бе In yearend cement stocks. 


| 
Total h ic i 
ydraulic cement, May include clinker exports for some countries. 
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to remove an apparent excess of aluminous cement from Laredo, TX, of 943,939 metric tons in 2006 and 


16.7 


16.8 


State subdivision 
California, northern 
California, southern 
Illinois, metropolitan Chicago 
Illinois, excluding Chicago 
New York, eastern 


New York, western 
New York, metropolitan 
Pennsylvania, eastern 
Pennsylvania, western 
Texas, northern 


Texas, southern 


TABLE 2 
COUNTY BASIS OF SUBDIVISION OF STATES IN CEMENT TABLES 


Defining counties 

Alpine, Fresno, Kings, Madera, Mariposa, Monterey, Tulare, Tuolumne, and all counties farther north. 

Inyo, Kern, Mono, San Luis Obispo, and all counties farther south. 

Cook, DuPage, Kane, Kendall, Lake, McHenry, and Will Counties in Illinois. 

All counties other than those in metropolitan Chicago. 

Delaware, Franklin, Hamilton, Herkimer, Otsego, and all counties farther east and south, except those within 
Metropolitan New York. 

Broome, Chenango, Lewis, Madison, Oneida, St. Lawrence, and all counties farther west. 

New York City (Bronx, Kings, New York, Queens, and Richmond), Nassau, Rockland, Suffolk, and Westchester. 

Adams, Cumberland, Juniata, Lycoming, Mifflin, Perry, Tioga, Union, and all counties farther east. 

Centre, Clinton, Franklin, Huntingdon, Potter, and all counties farther west. 

Angelina, Bell, Concho, Crane, Culberson, El Paso, Falls, Houston, Hudspeth, Irion, Lampasas, Leon, Limestone, 
McCulloch, Reagan, Reeves, Sabine, San Augustine, San Saba, Tom Green, Trinity, Upton, Ward, 
and all counties farther north. 

Brazos, Burnet, Crockett, Jasper, Jeff Davis, Llano, Madison, Mason, Menard, Milam, Newton, Pecos, Polk, 
Robertson, San Jacinto, Schleicher, Tyler, Walker, Williamson, and all counties farther south. 


ERAL 
U.S. GEOLOGICAL SURVEY MIN 


шиі ln 


sY EARBO 


16.9 


"erueA[Ásuuogq и1э}$8 јој 2504} YIM рәрп|ош эле erueA[Ásuuoq шәувә ЈОЈ ejep ‘0105204 | 

"зопшовј 8итиодәл Ајзјој]а шоош 10 sjuspuodsa1uou јој $э}ецп}5э urejuoo ее А 

‘usuen ш pue *speuruuaj “іш је 5)2045 sopn[ou[ 3420125 рэзюдил ѕәрпүощ а 

чиәшәә AIUOSB jo jndjno зрпјош o) pojejno[eo у 224314 әд рүпом uomrezi]un дпдупо зиэшэо риероа оў злцвјол рејајпоје), 

`әоиеиәушеш ourjnoJ 10} әшпилор 10; Зшмоје pue Заәшәо Kiuoseui Surpn[out “хіш dymo [euuou s,juejd e sonpoud ој рәрәәи ssououtj uo paseq sı Kjroedeo 8шршусу ; 

721415504 әләм suorjeusisse joujsip цол јој 5ломодил зрпјош sjounsip ojioedg 'sonioej Surodoi эц} JO џоцезој ЭЦ) sr uorjeuSisse за, 

"Jeui[? рәнодал шод эреш шәшәо ѕәрпјощ Экәшәо эми јој ejep вәрп|әш "3191р зиеэцти 1$ oou) uei IOW ou oj ALMI әд о) 348 поц} are етер ‘рэрипогип рәшәвәлі элэци UMA | 
'0197 -- „ею, ш рорпјош *eyep Krejoudoud Áueduroo 8шо[әв!р рюле ој PPM M "esie, 


9 008°S $5 о 000 PCI и 52259 OLI о 0/95 05 9 000921 по 8489 РП 018303 PUUD 
6b ^" 08/41 SSL с 9 LY ES 08/4 966 с oor оџопа 
о 0SL'S cs о 00021 и OCS v9 801 о 029% 05 o 000'vCI ио 66619 cll 01171011. 
» 692 - - - - NT - - - - oT 
697 бр сер“ 0021 Y 9 SLT IS Ser c 762 1 v uojdurgseA, pue подәлсу 
9 ССР 75 1581 с769 01 9 LIP 65 9 009'€I ESEL Е erwe 
99 a т = = 55 = 2 Е e пемен pue exserv 
orl $5 АМУ 50% 9 951 56 АМУ 0<0% 9 QLIN ‘ереләм "eugjuojA ‘оЧер] 
vil TS 115% есес у 12 8r LIS‘p 591% t ЗитшоАду pue ope1o[o;) 
86 OV 9“ УСТ t 16 LY 91“ 791 t o9IX9JA мом рив euozuv 
716 18 681'9 0005 9 о 9СС 69 с06%9 615$ 9 (2243105 "sexo, 
9/1 06 69/44, L98'€ 9 609 15 o 0851 €€8'€ 9 шәчцноп “Sexo, 
691 6t 840% 410% v [4:3] 99 LCV€ 1907 v ешоцерю pue sesuexry 
892 65 coL'€ €6l'c v Lvl tS 0% 85641 4 eossouuo  *iddississrq ‘Ojomu 
997 ср 062! 9825 S о IET LV 266 (, IHE 5 ешедеГу 
VII OV 6805 870 6 £ LL LE 6805 898 1 t EUI[OIU,) 05 
81% ус 906'L 506% 9 433 ус 9 OSIL 6$8°Є 9 еш8л/ 459M “BIUISIIA “рцеАлеуү “е!810э0 
90€ э 9t о 086'6 vse'€ L 092 Iv о 0197 СЄ L gePHOld 
199 09 118'01 6979 S [44 vt $50°Е1 {ІРР 9 | LInOSSHA] 
ОРС c9 166° 708 1 t 991 {5 о 0%6< 699'1 £ SUSUPM 
LST о OV о 098 LLIT S 997 IS o 0886 166 С В ОЯЕС NOS "exserq9N ‘емо 
96 vs 9914 (09 С ST LY 99ГЧ1 OSS с | 0:40 
055 £9 0655 А: ИЗ V 691 15 £86'9 8“ 5 ети] 
612 99 єє А ЖА V 881 cL ә ОРДЕ $89'c Ӯ guerpu] 
SEZ 6S SSL'C 0294 € LEZ v 06£'€ 1871 € ОЦ] 
L^ LA LA LA С £01 8€ $08“1 819 с | UJ9]S9A “ешелүКвииәд 
1 Ove 29 OS ‚9 06L'9 L СВЕЕ L LVC LS о 024 1 СРОЕ L 019158 *eruzA|Asuuaq 
861 os 9£z'v 221“ с ә 612 6b ІЕЕ SPEC с жод мом pue IUW 
542015 ьРә2119п Т цоцэпро1а sjuv|d jo 532015 ,Pezi]nn ¿Aedes џопопрола sjue]d Jo | PSIA 
риәлвәд odejuoso1ag SUIPULID Joquinn рчэлеэ A odvjuoouog SUuIPULID JoquinN 
0102 НЕН | m | | 6002 


(payloads әвілдәціо sso[un suo) ошош риезпоц у) 


—2010 


I LORILSIC Ad *SS.LV.LS азима AHL NI SMOO.LS ANV "A.LIOvVd YI монопаома LNG WAD анчамаля аму амуламоа 
гс шізь ЖЕ 


С 


3512294 Ajasioaid рэциилэзэр әд зоциеэ рэзипоэ 


`рэ1$П $12303 оф Jo %5°0) uet 5531 $1 Mq 
"919п0р sni зипоше aq) ҷиәшээ Áruoseur әҳеш oj рэшизиоз Apuenbasqns yuswa puepiod JO зипоше [еш 


'521:4120)5 Jo шәшәл(олі 29) Jo 
е әрп[әш $230} попопроја Ч. | 

"Burpunoi јизриздорш jo 35102594 UMOYS 51210] о; ppe jou Кеш eq, 
191550 зой злом suoneuSisse JOLNSIp Чол 103 речи} 10 5ламодци әбо Aquo әрпүәш ава, 


заәшәо Áruoseui Ајпо peonpoad jeu; jue|d £ зрпјохо вер Азтоваео pue uononpoig, 
JLODBRLILSIG Ad SALVLS аз МП JHL NI 5 90045 ANY 'ALIOVdVO мопопаома LNSIASO азамала аму CNV'LESOd 
penunuo)—t q'I8V.L 


16.10 


TABLE 4 
MASONRY CEMENT PRODUCTION AND STOCKS IN THE UNITED STATES, BY DISTRICT! 


(Thousand metric tons unless otherwise specified) 


2009 2010 


Number Number 
of active Yearend of active Yearend 
District" plants Production? stocks" plants Production? stocks" 

Maine and New York 4 41 12 4 40 l4 
Pennsylvania 9 176 46 8 147 4l 
Indiana and Ohio 6 244 52 6 260 59 
Michigan 4 80 28 3 83 24 
lowa, Nebraska, South Dakota 2 W W 1 үу W 
Kansas 2 W W 2 W W 
Missouri || W W 1 үу үу 
Florida 6 123 38 6 198 42 
Georgia, Maryland, Virginia, West Virginia 6 250 42 6 25] 42 
South Carolina 3 174 16 3 152 17 
Alabama 4 208 61 4 191 47 
Kentucky, Mississippi, Tennessee 3 W W 3 W М 
Arkansas and Oklahoma 3 97 21 4 92 17 
Texas 8 202 22 8 199 22 
Arizona and New Mexico 3 W W 3 W W 
Colorado and Wyoming 2 W W 2 W W 
ldaho, Montana, Nevada, Utah E W W 1 ү W 
California nA 7 236 45 5 6 178 32 
Importers” 25 25, 35 -- -- 95 


а ЖЕ СЕЕ 22; REORUM Cc = 
Total’ 73 1,968 456 5 71 1,901 427 $ 
ч . = 5 ^ о ARMEN MM. эээ" сс ГТЗ 

W Withheld to avoid disclosing company proprietary data; included in “Total.” -- Zero. 


| ; 
Includes masonry, portland-lime, plastic, and stucco cements. Even where presented unrounded, data are thought to be accurate to no more than 
three significant digits. 


District assignation is the location of the reporting facilities. Specific districts include importers for which district assignations were possible. 
"Includes cement produced from imported clinker. 
‘includes imported cement. 


‘Data contain estimates for nonrespondents or incompletely reporting facilities. 


"Data include only those importers or terminals for which district assignations were not possible. 
Data may not add totals shown because of independent rounding. 
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TABLE 6 
RAW MATERIALS USED TO PRODUCE CLINKER AND CEMENT IN THE UNITED STATES"? 


(Thousand metric tons) 


АА 


2009 2010 
Materials Clinker Cement? Clinker Cement? 
Calcareous: 
Limestone (aragonite, chalk, coral, marble) 73,600 1,510 78,500 1,550 
Cement rock (includes marl) 6,560 -- 7,500 30 
Cement kiln dust (СКР) 288 156 256 141 
Lime" 17 5 20 17 

“и 62 = 47 13 

Aluminous: 

Clay 2,500 3 2,830 -- 
Shale and schist 2,540 -- 2,370 13 
Other 438 -- 478 -- 

Ferrous: 

Iron ore 481 ES 501 2s 

. Mill scale 536 Е 522 = 
Other’ 40 = 19 22 

Siliceous: 

Sand, calcium silicates 2,550 -- 2,830 ЕЕ 

_ Sandstone, quartzite, soils, nonpozzolanic rocks 464 -- 506 -- 

. Fyash 2,290 74 2,430 85 

_ Other ash, including bottom ash 706 -- 727 -- 

_ Granulated blast furnace slag’ 44 192 70 235 

_ Other blast furnace slag а-ы (је ҸЕ тс 99 - 30 = 

_ Steel slag 169 - 238 Е 

_ Other slag se 38 zs 165 2 

_ Natural rock pozzolans® ea = 11 = 20 

_ Other pozzolans’ 45 3 9 | 

Oher Па НЕР и —— 

_ Gypsum and anhydrite MEM скетч (10) 3,367 (10) 3,550 
Other" М-ы 27 79 57 62 61 
Тош! — 9360 5380 10000 5720 

Clinker, imported, raw materials equivalent" ыы 

_ Grand total" 93,600 6,630 100,000 6,910 

- Zero. ____-____- ___--- ee ES 


| 
Excludes Puerto Rico. 


2 РЕ 
n have been rounded to three significant digits to reflect inherent reporting accuracy and the incorporation of estimates for some facilities. 
bir. portland, blended, and masonry cements. 

Data are probably underreported, 


5 
Includ i ; : i 1 
ү es alumina, aluminum dross, bauxite, spent catalysts, and other aluminous materials. 
ncludes i 
л s iron sludges, pyrite, and other ferrous materials. 
C 
| udes both ground (GGBFS) and unground material. 


Includ 
€s pozzolana and burned clays or shales (except where directly reported as clay or shale). 


Includes diatomite си: 
at 1) a | 
" toite, silica fume, other microcrystalline silica, and other pozzolans, even if not used as such. 
cluded with Calcareous: Other. 


| 
Includ 
| е5 fluorspar and all other materials not listed earlier. 


Data may not add to totals shown 


Bo because of independent rounding. 


Onverte { ; 
d as 1.7 times the weight of foreign clinker consumed. 
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TABLE 9 
CEMENT SHIPMENTS TO FINAL CUSTOMER, BY DESTINATION AND ORIGIN"? 


(Thousand metric tons) 


Portland cement Masonry cement 
Destination and origin 2009 2010 2009 2010 
Destination: 

Alabama 1,140 1,009 85 77 
Alaska? | 146 137 E = 
Arizona 1,727 1,477 26 22 
Arkansas 732 757 40 38 
California, northern 2,133 2,081 45 35 
California, southern 4,395 4,137 170 145 
Colorado 1,403 1,467 7 6 
EU T— = 478 469 T T 
Delaware? 159 172 5 4 
- District of Columbia? — 129 109 (4) (4) 


Florida 3,946 3,486 231 211 
Georgia 1.887 1.685 31. ив 
E C MEME EM EE LL 306 262 2 3 
Ше SSS 367 387 (4) (4) 
Minois, excluding Chicago. 1,397 1,413 10 10 


Illinois, metropolitan Chicago! 1,181 1,020 19 14 
ПО — —À 1,454 1,482 39 34 
(ша SSS 1,448 1,431 l l 
Kass ooo 1,133 1,172 7 5 


Ec p ERE 
Kentucky 870 852 49 45 
a ur CI NN NC RE 
Louisiana? 2.135 2.742 49 48 


Wane: a ee А. 

Lo CPGE DENM 185 185 2 2 
Valang 902 888 42 42 

Massachuset? = 


— 702 679 11 10 
ЕЕ 1,384 1,554 42 40 
Mansoa 1,135 1,200 12 12 
и sa ETENIM 805 774 40 39 
о ELLE RD s 1,728 1,563 19 17 
“NEDSS a 256 259 ] (4) 
E cc 1,018 988 2 1 
ETC —-—— МЮ эю ш: а 
New York, eastern та 534 604 7 : 
New York, western? ЖЕ - ! : 14 

N ТЕК NR 
"npe ава ee 1,189 59 50 
Ма ^ ^ te 1,612 1,581 135 127 
NU MEE 375 408 l | 
— Oklahoma | eee 2,232 2,352 78 71 
Oregon. 1,338 1,432 39 39 
. Pennsylvania, eastem ^ 777 -- 0 663 609 (4) (4) 
Pennsylvania, western 1,270 1,436 37 37 
Rhode Island? 913 979 33 32 
South Carolina 106 93 1 | 
South Dakota 822 931 70 61 
Tennessee 450 447 | (4) 
Texas, northern 1,223 1,230 108 103 


Texas, southern 4,255 4,713 79 73 
BR сс A 5,344 5.392 157 153 
See footnotes at end of table. 1,058 1,023 (4) (4) 


U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK—2010 


16.16 


CEMENT... 2010 


TABLE 9—Continued 


CEMENT SHIPMENTS TO FINAL CUSTOMER, BY DESTINATION AND ORIGIN"? 


(Thousand metric tons) 


Destination and origin 


Destination— Continued: 


3 
Vermont 


Virginia 


Washington 
West Virginia 


; [23 
Wisconsin 


Wyoming 


Total 


Puerto Rico 


; . 6 
Foreign countries 


Grand total" 
Origin: 


United States - 


Puerto Rico 


. Foreign countries’ 


Total shipments” 


-- Zero. 


Portland cement 


| 2009 2010 - 
95 103 

1,526 1,368 
1,437 1,322 

402 426 

1,410 1,431 

348 322 
68,885 68,544 
979 808 

502 707 


70,366 70,059 


63,486 63,627 
932 731 
5,948 5,701 
70,366 70,059 


Masonry cement 


2009 2010 
2 | 

80 76 

1 (4) 

14 12 

10 9 

(4) (4) 
2,102 1,913 
(4) 3 

(4) (4) 
2,102 1,918 
2,070 1,897 
-- (4) 

32 21 
2,102 1,918 


‘Includes cement produced from imported clinker and imported cement shipped by domestic producers and importers. 
Data are developed from consolidated monthly surveys of shipments by companies and may differ from data in tables 1, 10-12, 
and 14-15, which are from annual surveys of individual plants and importers. Although presented unrounded, data are thought 


to be accurate to no more than three significant digits. 

"Has no cement plants. 

"Less than V^ unit, 

"Data may not add to totals shown because of independent rounding. 


6 А E А . 
Includes shipments to U.S. possessions and territories. 


7 . 
Imported cement sold to final customers in the United States as reported by domestic producers and other importers. 


Data do not match the imports in tables 17-20. 
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TABLE 10 
SHIPMENTS OF PORTLAND CEMENT IN THE UNITED STATES, BY TYPE OF CARRIER "2 


(Thousand metric tons) 


Plant to terminal Plant to customer Terminal to customer Total to 
Inbulk In bags? | In bulk In bags? In bulk In bags? customers’ 

2009: | 

Railroad 9.580 8 1,460 2 528 4 2,000 

Truck 4,000 116 36,000 1,040 29,400 400 66,900 

Barge and boat 7,120 -- 55 -- -- -- 55 

Total" 20,700 125 37,500 1,040 29,900 ' 404 68,900 "> 

2010: 

Railroad 8,980 6 1,660 10 467 4 2,140 

Truck 3,570 83 37,600 966 27,200 307 66,100 

Barge and boat 6,270 15 67 -- 93 58 218 


— E- EQ 2 
Total" 18,800 105 39,300 977 27.800 370 68,400 5 


"Includes tanned cement and cement made from imported clinker. Excludes Puerto Rico. 
"Рав are rounded to no more than three significant di gits because they contain estimates. 
"Includes packages, bags, and supersacks. 

*Data may not add to totals shown because of independent rounding. 


"Shipments are based on an annual survey of plants and i importers; may differ from totals in table 9, which are based 
on consolidated monthly data. 
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TABLE 11 
PORTLAND CEMENT SHIPPED IN THE UNITED STATES, BY DISTRICT ' 


аршасы Сади 2009 2010 
Value? Value? 
Quantity? Average Quantity? Average 
(thousand Total (per (thousand Total (per 

District" metric tons) (thousands) metric ton) metric tons) (thousands) metric ton) 
Maine and New York 2,560 "5 $248,000 "5 $97.00 ? 2,459 $225,563 $91.72 
Pennsylvania, eastern 2,995 285,000 ? 95.00 ? 3,887 ° 369,000 56 95.00 56 
Pennsylvania, western 949 90,800 ? 95.50 > Ww W 5 Ww 6 
Illinois 2,014 191,586 95.11 2,016 179,580 89.07 
Indiana . 1,951 169,069 86.66 1,907 153,623 80.55 
Michigan 4,114 406,143 98.72 3,920 ? 393,000 ? 100.50 ? 
Ohio = 582 55,691 95.69 598 55.111 92.18 
lowa, Nebraska, South Dakota — 3,382 365,298 108.01 3,017 311,194 103.13 
Kansas 1,627 166,000 ? 102.00 ? 1,596 155,919 97.66 
Missouri 4,219 414,000 ? 98.00 ? 6,253 517,000 ? 82.50 ? 
Florida 3,790 5 371,000 > 98.00 ? 3,260 ? 295,000 ? 90.50 ? 
Georgia, Maryland, Virginia, West Virginia 4,141 367,335 88.70 3,978 334,768 84.16 
South Carolina 1,826 165,160 90.46 1,894 164,338 86.78 
Alabama Е 3,515 315,408 89.72 3,024 252,000 5 83.00 ° 
Kentucky, Mississippi, Tennessee 1,885 187,660 99.53 1,740 162,965 93.65 
Arkansas and Oklahoma 4 2,300 231,363 100.60 2,254 219,468 97.38 
Texas, northern 4,557 453,000 > 99.50 ? 4,511 412,000 ? 91.00 ? 
Texas, southern 4,730 452,380 95.65 5,300 455,862 86.01 
Arizona and New Mexico 2,173 255,708 117.68 1,786 182,539 102.20 
Colorado and Wyoming 1,932 190,508 98.63 2,090 ? 194,000 > 93.00 ° 
Idaho, Montana, Nevada, Utah 2,063 199,834 96.87 1,971 182,061 92.36 
Alaska and Hawaii , 406 66,690 164.27 357 57,700 ° 162.00 $ 
California 6,835 618,000 5 90.50 5 6,880 2 543,000 > 79.00 2 
Oregon and Washington | 1,651 150,011 90.85 1,244 111,988 90.05 
Importers’ 2,747 315,000 5 115.00 ? 2,480 ? 289,000 ? 116.50 ° 
Total or average’ | 68,900 55 6,730,000 2 97.50 5 68400? 6,220,000 91.00 $ 
Puerto Rico I» I 978 5 W w 830 W М 


т. ews ate = 

Ыш, W Withheld to avoid disclosing company proprietary data. 

Includes gray and white portland cement. Includes cement made from imported clinker. Even where presented unrounded, data are thought to be accurate 

lo no more than three significant digits. 

M 

"V 1 . , 1 1 1 Н 

n are mill net or ex-plant (free on board) valuations of total sales to final customers, including sales from plants external distribution terminals. 

| ala are 5 terminal for independently reporting terminals. Data include all varieties of portland cement and both bulk and bag shipments. 

2 ess otherwise specified, data are presented unrounded. Unrounded or not, unit value data should be viewed as value indicators, accurate to no more than 
Є nearest $0.50 or $1.00 per metric ton. 


3 
Onnages аге those by reporting entities in the district but may include shipments into other districts. They differ from the data in table 9, which are the actual 
reported sales into the specific States. 


in: 

Dis let i : м 2 ы . . . . 

by т etis the location of the reporting entities, not necessarily the location of sales (see table 9 for sales data, by State). Specific districts include shipments 
rters where distri : 

А Porters where district assignations were possible. 

Data are rounded | 


6 
For 2010, data for 
1 
Importers for whic 


‘D 
ata may not add 


unit values to the nearest $0.50) because they include estimates. 
Western Pennsylvania are included with those for Eastern Pennsylvania. 
h district assignations were not possible. 


to totals shown because of independent rounding. 
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TABLE 12 


MASONRY CEMENT SHIPPED IN THE UNITED STATES, BY DISTRICT '? 


2009 2010 
Ii REN 


Value? Value? 
Quantity" Average Quantity* Average 
(thousand Total (per (thousand Total (per 
| District? metric tons) (thousands) metric ton) metric tons) (thousands) metric ton) 

Maine and New York 56 $6,265 $112.54 46 $4,712 $101.96 
Pennsylvania 187 25,300 5 135.00 $ 172 20,600 ° 120.00 * 
Illinois, Indiana, Ohio 230 33,900 $ 147.50 6 213 30,800 ° 145.00 * 
Michigan 95 11,538 121.87 78 9,680 6 123.50 * 
lowa, Nebraska, South Dakota 15 1,921 128.09 | 98 100.88 
Kansas and Missouri 51 6,353 124.50 92 $ 12,000 ° 129.50 ° 
Florida 192 6 29,100 $ 151.50 6 191 25,230 131.92 
Georgia, Maryland, Virginia, West Virginia Е 214 36,547 170.78 199 34,143 171.68 
South Carolina 169 21,376 126.43 163 19,536 120.19 
Alabama 242 29,735 122.90 192 24,448 127.48 
Kentucky, Mississippi, Tennessee 57 8,360 146.39 55 8,033 144.87 
Arkansas and Oklahoma 93 11,100 6 119.00 6 93 11,286 121.14 
Texas 221 31,000 140.40 187 25,100 ° 134.50 ° 
Arizona, Colorado, Idaho, Montana, Nevada, 

__ New Mexico, Utah, Wyoming КЕ 42 5.387 129.76 32 4,200 129.81 
Alaska and Hawaii 2 620 289.54 3 796 $ 286.50 " 
California, Oregon, Washington 232 9 27,700 % 119.50 6 185 20,177 109.34 
трпе 66 1,220 6 191.50 6 6% 1,070 ° 174.00 ° 
_ Total or average 2,1006 2870005 136.50 5 1,910° 2520005  12200* 


reported sales into the specific States. - | | 


District is the location of the reportin 


5 entities, not necessarily the location of sales (se ific districts i i f 
5.2; NN e tabl lude importers tor 
district assignations were possible. ( е 9 for sales data, by State). Specific districts inc p 


6 
Data are rounded (unit values to the nearest $0.50) because they include estimates 


7 А КРЕ | . 
Importers for which district assignations were not possible. 


8 
Data may not add to totals shown because of independent rounding. 
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TABLE 13 
AVERAGE MILL NET VALUE OF CEMENT SOLD IN THE UNITED STATES"? 


(Dollars per metric ton) 


Portland cement Masonry All 
Year Gray White? Total cement cement 
2009 96.50 211.00 97.50 136.50 99.00 
2010 90.00 199.00 91.00 132.00 92.00 


! Values are average of sales to final customers, free on board the plant or independently reporting 
terminal. Values include any bagging charges, but exclude delivery charges to customers or to 
external terminals. Data exclude Puerto Rico. 

?Data are rounded to the nearest $0.50 per metric ton because they contain estimates. 

?Data for white cement include a component of resales showing significant price markups. 
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TABLE 14 
PORTLAND CEMENT SHIPMENTS IN 2010, BY DISTRICT AND TYPE OF CUSTOMER! 


(Thousand metric tons) 


а 


Кеаду- Concrete Building mining, Government 
mixed product material waste and 
District concrete manufacturers Contractors dealers stabilization other Total? 
Maine and New York 1,750 256 216 213 -- 64 2,459 
Pennsylvania 2,260 874 390 205 24 139 3,887 
Illinois 1,390 101 185 31 224 92 2,016 
Indiana 1,340 214 234 38 12 7] 1,907 
Michigan 2,840 426 527 110 13 7 3920 
Ohio 471 66 39 11 12 - 5% 
lowa, Nebraska, South Dakota 2,300 249 345 20 94 14 3,017 
Капзаз 1,260 141 97 · 51 50 1 1,596 
Missouri 4,510 619 739 79 126 182 6,253 
Florida 2,340 625 155 110 3 26 3260 
Georgia, Maryland, Virginia, West Virginia 2,790 767 217 96 2 103 3,978 
South Carolina 1,270 251 154 82 2 134 1,894 
Alabama 2,110 466 291 95 19 44 304 
Kentucky, Mississippi, Tennessee 1,400 173 81 50 21 19 1,740 
Arkansas and Oklahoma 1,340 92 583 106 122 9 2,254 
Texas, northern 2,480 290 847 105 706 84 4511 
Texas, southern 3,570 443 595 233 442 21 500 
Arizona and New Mexico 1,350 274 98 39 16 14 1,736 
Colorado and Wyoming 1,440 148 256 56 187 1 2,090 
Idaho, Montana, Nevada, Utah 1,350 173 155 65 203 29 1,971 
Alaska and Hawaii 277 55 g 17 b: de 357 
Oregon and Washington | — 77777 934 144 81 55 20 о 14 
Importers’ 1,710 257 188 46 159 125 2,480 
ж Ur 47,300 7,980 6,920 2,480 2,560 1,240 68,400 
Puerto Rico 


с 429 69 31 300 = == 830 
Grand total 47,700 


-- Zero. Moo ОФ 210 2,60% 120 643% 
| ; 


types and for which customer types were n 


22 | ot specified. 
District totals are unrounded except т accord with table 11. 


ndependent rounding. 


| gnations were not possible. 
Grand total shipments to concrete product manufa 


t i : 
e: cturers include brick and block—2,760; precast and prestressed—2,230; pipe— 889; and other ог 


16.22 


U.S. GEOLOGICAL SURVEYMINERALS YEARBOOK—2010 


CEMENT-. 2010 


TABLE 15 
PORTLAND CEMENT SHIPMENTS IN THE UNITED STATES, ВУ TYPE OF CEMENT "2° 


(Thousand metric tons) 


Туре! 2009 2010 
General use and moderate heat (Types I and пу: Ы 54,900 " 53,500 
High early strength (Type III) 2,460 2,590 
Sulfate resisting (Type Vy 8,610 8,630 
Block 167 154 
Oil well 846 1,300 
White’ 577 638 
Blended: 
Portland, natural pozzolans 34 48 
Portland, ground granulated blast furnace slag 580 953 
Portland, fly ash 357 304 
Portland, other pozzolans? 325 263 
Total blended" 1,300 1,570 
Expansive and regulated fastsetting = = = 13 18 
Miscellaneous’ 27 30 
Grand total" 68,900 ' 68,400 
'Revised. 


‘Includes sales of imported cement. Excludes Puerto Rico. 

"Data are rounded to no more than three significant digits. 

"Gray portland-type cements unless otherwise specified. 

"Sold mostly under specifications ASTM С-150, ASTM C-595, and ASTM C-1157. 

"Type ШУ and similar sulfate-resisting cement hybrids are included within Type V. 

"Includes ASTM C-1157 general use cements that contain no pozzolans. 

"White or colored portland-type cements. Most are Types I or П but may include Types III and V and block cements. 
‘Cements sold under ASTM С-590 and those under ASTM C-1157 that contain pozzolans. 

"Includes blends with cement kiln dust, silica fume, or other pozzolans, and blends containing multiple pozzolans. 
"Data may not add to totals shown because of independent rounding. 

"Includes low heat (Type IV), waterproof, and other portland-type cements. 
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TABLE 16 
U.S. EXPORTS OF HYDRAULIC CEMENT AND CLINKER, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


У р рр ——— 
Country Quantity Value? Quantity Value? 

United States: 

а ННН 


Angola 2 323 1 1,153 
Anguilla 4 255 (3) 3 
Aruba 2 336 1 157 
Australia (3) 106 | 404 
Bahamas, Тһе 48 5,628 99 9,063 
Belize 36 1,513 7 693 
Brazil (3) 39 3 213 
Canada 674 79,836 807 113,598 
Cayman Islands (3) 95 1 103 
China (3) 133 2 955 
_Сота ————————— | 680 2 715 
Costa Rica | (з) 19 3 135 
Dominican Republic. ~~ 2 219 | 483 
Пе ME EE аз ышы 15 729 14 637 
SHG oe насаа 1 62 13 1,056 
_HongKong о — l 326 1 402 
а * » ; 264 
HU C es 4 225 6 367 
a с аБанААнананын (3) 92 ] 262 
„иша = ннат 26 2,737 66 6,556 
EK NNNM MM NEC | 225 11 2,526 
__Мабараѕсаг —— 9 " Е | 60 
Maaco 23 5,915 39 8,914 
_ Netherlands Аве | | | i 
E ER 1 43 (3) 82 
Paama — —— 28 3.794 67 8,051 
EE ME CCP , 


um ance NM | 198 | 364 
Russia 1 47 (3) 90 

__St. Christopher and Nevis : ы, " 

ис РЕНН 

T (3) 39 | 108 
Sweden 1 77 (з) 81 

Тама 


з 149 3,099 
Trinidad and Tobago м 98 | 346 
Turks and Caicos Islands (3) 55 8 759 
United Kingdom (3) 75 9 1.614 
и РНИИ , 
Other : 6" 2,868 r 7 4,629 
En ^ aM 93M ЕН 


107330 1178 168,308 

PuertoRico: = ~~~ 884 107,330 1,178 16 
British Virgin Islands 

WU cL. Aue лл T 


4 

Netherlands Antilles 15 1,807 4 66 
i (3) 5 3 231 

Turks and Caicos Islands 

Other | 152 _- 


NM x (3) 30 (3) ЕЕ 
о =3 


16 | 898 
Grandtoal’ SSS = 1,994 7 = 
See footnotes at end of table. 109,323 1,185 169, 
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TABLE 16—Continued 
U.S. EXPORTS OF HYDRAULIC CEMENT AND CLINKER, BY COUNTRY 


'Revised. -- Zero. 


'Includes portland and masonry cements. 
"Free alongside ship value. The value of exports at the U.S. seaport or border point of export is based on the transaction price, including 


inland freight, insurance, and other charges incurred in placing the merchandise alongside the carrier. The value excludes the 


cost of loading. 
"Less than % unit. 
"Data may not add to totals shown because of independent rounding. 


source: U.S. Census Bureau. 
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TABLE 17 
U.S. IMPORTS FOR CONSUMPTION OF HYDRAULIC CEMENT AND CLINKER, 


BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


ААА 
Value Value 
Country Quantity Customs? Сл? Quantity Customs? С.Е? 

Algeria l4 1,576 2,123 9 811 1,135 
Canada 3,426 272,829 291,298 3,410 265,248 283,314 
China 608 35,251 50,161 655 34,975 51,111 
Colombia 654 39,799 56,216 315 19,652 27,367 
Croatia 15 5,687 6,890 24 9,459 11,346 
Denmark 69 9,924 12,302 54 9,653 13,262 
Dominican Republic 4 307 381 (4) 10 П 
Egypt 55 6,345 7,965 56 5,160 7,097 
France 65 20,373 21,607 91 31,318 32,960 
Greece 186 10,705 12,429 191 9,173 11,918 
India | 151 209 | 68 102 
Јарап | 523 654 28 2,348 2,552 
Korea, Republic of 855 34,694 56,700 1,018 39,214 61,801 
Mexico 366 35,342 39,132 370 36,703 40,138 
Netherlands 2 1,925 2,539 3 3,363 3,735 
Sweden 74 3,821 7,074 83 3,524 6,804 
Taiwan 254 11,332 16,677 265 11,242 17,825 
Thailand 21 2,594 3,801 16 2,159 3,382 
Trinidad and Tobago = a РТ 8 544 55] 
. Turkey 95 7,858 12,220 21 1,881 2,637 
United Kingdom 1 153 281 | 171 290 
Venezuela - МЕ E 8 2,648 3,405 
Other і" 403 ' 488 ' | 436 544 
Total® eS ПИВА 5 ee СТ 
Puerto Rico: CE A M (n 
_ Colombia 5 674 862 7 898 1,172 
Кота, Republic of 27 1,350 2.322 27 1.350 2,322 
Mexico l4 1,641 2.216 12 1,393 1,970 

– i 81 5,694 7,064 109 7,206 9,166 
- (4) 174 ' 181° (4) 80 92 

Total | 127 9,532 12,645 155 10,927 14,72] 
Grand total 6,894 511,125 _ 613,793 6,781 500,689 598,009 


"Revised. -- Zero. 


| 
Includes portland, masonry, and other hydraulic cements, 
"Customs value. The price actually paid or 
insurance, and other charges incurred in bring; 


^Less than % unit. 


5 
Data may not add to totals shown because of independent rounding 


Source: U.S. Census Bureau. 
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TABLE 18 
U.S. IMPORTS FOR CONSUMPTION OF HYDRAULIC CEMENT 


AND CLINKER, BY CUSTOMS DISTRICT AND COUNTRY! 


(Thousand metric tons and thousand dollars) 


2009 2010 
Value Value 
Customs district and country Quantity Customs? Cif? Quantity Customs” Cif? 
United States: 
Anchorage, AK: 
Canada 9 745 2,267 5 298 1,017 
China а 15 1,036 1,561 12 842 842 
Korea, Republic of 72 3,165 5,658 95 3,968 7,676 
Taiwan 16 1,047 1,066 = = " 
Total’ 112 5,994 10,552 112 5,108 9,536 
— Baltimore, MD: 
China бе ds ae | 18 22 
.. Other (5) 62 70 (5) 39 43 
Total’ (5) 62 70 1 57 64 
Boston, MA: d ———— Mr — Ó—— u€— ——— Hem— 2... — 
Canada 77 4,196 6,824 23 1,010 1,693 
Other - MA is (5) 36 37 
__ Total’ 7] 4,196 6,824 23 1.046 1,731 
_ Buffalo, NY: 
___Сапайа 574 48,103 52,028 590 49,366 52,718 
_ Other (5) 13 13 (5) 24 24 
__ Total’ 574 48,116 52,041 590 49,390 52,742 
_ Charleston, SC, Other (5) 59 70 (5) 71 82 
_ Chicago, IL, Other (5) 218 280 | 744 865 


Cleveland, OH: 


— Canada 493 34,399 36,894 554 40,960 44,235 
__ Other T e (5) 159 183 | 800 950 
Total’ 494 34,558 37,077 555 41,759 45,185 
Columbia-Snake, ID, OR, WA: 
A 55 4,256 4,503 56 3,802 4,007 
— Чиа 237 13,016 19,757 277 12,893 20,154 
= 22 Ж T (5) 8 8 
— P 292 17,272 24,259 332 16,703 24,169 
Dallas-Fort Worth, TX, Netherlands = Se ee 


Detroit, MI: 


m - 841 66,897 68,458 939 72,812 78,669 
Other = —_ == (5) 101 142 (5) 175 192 
___Тоаў | 841 66,998 68,600 939 72,988 78,862 
Duluth, MN, France | = (5) 3 3 


Ël Paso, TX: E aaastal 
Canada 

Due E 26 22 (5) 33 36 
Mex 

UA |. 275 23,449 25,875 266 23,407 25,705 

On а 215 23,449 25,875 266 23,440 25,741 

Reis S MT, Other (5) 189 221 (5) 79 109 


See footnotes at end of table. 
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TABLE 18—Continued 
U.S. IMPORTS FOR CONSUMPTION OF HYDRAULIC CEMENT 


AND CLINKER, BY CUSTOMS DISTRICT AND COUNTRY! 


(Thousand metric tons and thousand dollars) 


2009 2010 
————— НИ УНА NR DER Ена на 


Value 


Value 


Customs district and country Quantity Customs? Cif? Quantity Customs? Cit? 
Honolulu, HI: 
аашаа г 


China 


(5) 14 47 (5) 15 24 
Korea, Republic of 84 3,569 7,329 165 7,278 10,421 
Taiwan 188 8,281 12,233 112 4,928 7531 
Thailand 3 188 552 = E s 
Total* 276 12,052 20,160 277 12,221 17,983 
Algeria 6 728 1,022 -- - = 
China 2 186 274 4 390 402 
Colombia 235 14,822 20,624 9 1,239 1,514 
Egypt 28 3,230 3,988 28 2,591 3,543 
Korea, Republic of 472 19,219 30,821 571 21,418 34,614 
EL BREMEN 49 1,968 3,198 -- - < 
ы е гис (5) 124 146 | 404 484 
Тога!“ 793 40,278 60,074 612 26,041 40,558 
Laredo, TX, Mexico 85 11,467 12,646 88 11,887 12,441 
Los Angeles, CA: ee 
China 21 2,408 2,876 26 2,926 3,149 
аг рг ] 68 72 3 255 349 
at... BRIAN I2 1,629 2.202 10 1,322 2,064 
Other | | 404 592 | 203 303 
Тош — às авв зш 4% 8 
Miami, FL: CS ————— 
еы ыы ы ыз, 7 848 1,101 9 811 1,5 
Е: ANGINA ORNA 6 790 997 5 735 87] 
—E _________ 19 2,197 2.807 15 1,402 1,954 
M or LLL ERN 5 410 590 15 1,372 1,915 
Turkey — —S 73 3,270 6,455 82 3,057 6,230 
eee 74 6,618 9,585 21 1,871 2,628 
Other 30 
(00 Te ——— —— 90. Я в o mn 9» 
Е 14174 __ 2609 ш $276 1419 
E С ЕЗИНИН 113 12,105 12.117 118 13.923 13,937 
Other Н , 
UT Romi це (5) 3] 3l (5) 5 6 
WI TUE Dre ИИЙ 113 12,136 12,148 118 13,929 13,943 
(5) 7 12 БА нЕ = 
New Orleans, LA: 
E MESI | | 1,062 1,269 9 1,990 2,16 
Korea, Republic of 34 1 6,542 22 8,891 pun 
Taiwan | , 2 1,961 47 1,533 5 
Turkey 21 124 180 = d К 
Other TY SE _ ‚240 2,634 - z И 
. Тога!“ 75 = = (5) 2 "T 
See footnotes at end of table. 9,021 12,586 78 12,438 > 
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TABLE 18—Continued 
U.S. IMPORTS FOR CONSUMPTION OF HYDRAULIC CEMENT 


AND CLINKER, BY CUSTOMS DISTRICT AND COUNTRY! 


(Thousand metric tons and thousand dollars) 


2009 2010 
Value Value 
Customs district and country Quantity Customs? Cif? Quantity Customs? Cif? 
New York City, NY: 
Denmark 24 2,804 3,655 21 2,137 2,758 
France 3 107 110 (5) 39 45 
Greece 186 10,705 12,429 191 9,173 11,918 
Other 1 260 355 1 299 378 
Total 214 13,876 16,550 213 11,648 15,099 
Nogales, AZ, Mexico (5) 9 10 -- -- -- 
Norfolk, VA: 
Canada 53 5,003 5,373 13 1,366 1,454 
Egypt 3 389 482 1 122 177 
France 63 20,222 21,447 9] 31,175 32,792 
Sweden 1 551 619 1 342 421 
Other (5) 34 39 8 2,663 3,420 
Total 120 26,198 27,961 113 35,667 38,264 
Ogdensburg, NY: 
Canada 248 23,489 23,989 174 14,839 15,398 
Б Other (5) 5 5 (5) 13 ]4 
2 Total 248 23,494 23,994 174 14,852 15,412 
_ Pembina, ND, Canada 162 12,370 12,455 167 10,701 10,787 
_ Philadelphia, PA: 
___ Korea, Republic of 139 4,988 7,063 139 5,018 6,033 
___ Netherlands ] 814 937 1 1,261 1,400 
___ Other (5) 111 153 (5) 59 105 
___ Total’ 140 5,913 8,153 141 6,337 7,538 
_ Portland, ME: 
__ Canada 37 4,469 4,954 26 2,372 2,676 
_ Japan! " = " 276 1,332 1,332 
—. Тош О 130 A40 аза з 3,705 4009 
Providence, RI, Canada 62 4,069 6,273 40 2,290 3,404 
. San Francisco, CA: 
ami 211 10,114 13,216 42 2,555 3,168 
Вр | 108 173 2 182 265 
= 127 184 | 68 102 
—. Taiwan » " " 153 6,314 10,288 
Thailand 6 777 1,047 6 799 1,260 
— . Total 219 11,126 14,620 203 9,919 15,083 
Savannah, GA: 
UM 221 12,861 18,609 149 8,447 12,201 
—  EBypt 3 354 443 7 608 809 
2. Other (5) 256 398 (5) 255 282 
Total’ 224 13,471 19,450 156 9,310 13,222 
_ Seattle, WA: 
= «ж ME Ж ж 
d _ 117 7,158 10,833 - m 
о 1 398 519 А i 
a cor 54 2,480 3,869 Е 
me. (5) 40 61 (s) 116 139 
— Тоја? 7783 52,879 59,853 916 57,115 66,410 
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TABLE 18—Continued 
U.S. IMPORTS FOR CONSUMPTION OF HYDRAULIC CEMENT 


AND CLINKER, BY CUSTOMS DISTRICT AND COUNTRY! 


(Thousand metric tons and thousand dollars) 


= 
209 80 - 


Value Value 
Customs district and country Quantity Customs? СЕЗ Quantity Customs? 
St. Albans, VT: 
Canada 89 9,904 10,571 75 8,181 6,6 
Other (s) 4 4 (s) 7 
Тога!“ 89 9,907 10,575 75 8,188 56 
St. Louis, MO: 
Croatia = ES = 1 371 5 
Other (s) 340 459 (5) 501 5 
Total" | (s) 340 459 1 872 10 
еее 20 
Denmark 45 7,117 8,644 34 7,510 104 
Тога!“ 103 10,342 13,201 56 9,150 12,5 
U.S. Virgin Islands: 
Colombia = Же = 13 291 3 
Dominican Republic 4 307 381 22 - 
Trinidad and Tobago Е _ ко 9 544 5 
Total’ 22 ee GUN MEE c eee 
EI A —-— Ra — A ыы _ 2 5 
Colombia 134 8,033 11,313 117 7,270 10,34 
Netherlands " _ Е (5) 19 1 
Total 134 8,033 11,313 117 7,289 10,5 
Oo Ustat а 6,767 501,592 601,148 6,626 5 489,762 
Puerto Rico (San Juan): о ——————— 
Colombia S 674 862 7 898 Ш 
Korea, Republic of 27 1.350 2.322 27 1,350 2,32 
Ме 14 1,641 2.216 12 1,393 197 
Spain 81 5.694 7.064 109 7,206 9,16 
ME ONDE (5) 174 181 (5) 0 | 
кк” maga 127 9,532 12,645 155 10,927 14,72 
2 total" 6,894 511,125 613,793 6,7816 500,689 
-- СЕГО. 


1 


^Customs value. The price actuall 
duties, freight, insurance, and other ch 
*Cost, insurance, and freight. The im 
the first port of entry. 


“Data may not add to totals shown becaus 
?Less than и unit. 


°Material (27,070 metric tons in 


y paid or payable for merchandise w 
arges incurred in bringing the m 


port value represents the customs 


Includes all varieties of hydraulic cement and Clicker. 


hen sold for exportation to the United States, excluding U.S. im 
erchandise to the United States. 


value plus insurance, freight, and other delivery charges to 


€ of independent rounding. 


August 2010) from Japan int i nt as 
recorded in error by the importer pan into Portland, ME, is granulated blast furnace slag, not hydraulic ceme 


Source: U.S. Census Bureau. 
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TABLE 19 
U.S. IMPORTS FOR CONSUMPTION OF GRAY PORTLAND CEMENT, BY COUNTRY 


(Thousand metric tons and thousand dollars) 


CEMENT—2919 


2009 2010 
Value Value 
Country Quantity Customs! Cif Quantity ^ Customs! Cif? 
United States; 

Canada 2,642 205,197 222,340 2,626 199,772 216,660 
China 573 30,463 44,369 606 28,532 44,096 
Colombia 636 37,333 52,800 274 15,638 22,335 
Dominican Republic 4 307 381 (3) 10 11 
Ётапсе 3 107 110 -- -- -- 
Greece 186 10,705 12,429 191 9,173 11,918 
Korea, Republic of 854 34,641 56,563 1,017 39,169 61,707 
Mexico 185 11,770 13,305 184 12,311 13,833 
Sweden 73 3,270 6,455 82 3,057 6,230 
Taiwan 254 11,332 16,677 265 11,242 17,825 
Thailand 3 188 552 (3) 11 13 
Other (3) 216" 324 ' 9 750 820 

Totalt $ 5,414 345,529 426,307 5,254 319,665 395,448 

Puerto Rico: 

Dominican Republic -- -- -- (3) 2 2 
Korea, Republic of 27 1,350 2,322 27 1,350 2,322 
Spain 81 5,694 7,064 109 7,186 9,146 

Тога!“ 5 108 7,044 9,386 136 8,539 11,470 
Grand total" S 5,521 352,572 435,693 5,390 328,204 406,918 


"Dat 


'Revised. -- Zero. 
Тһе price actually paid or payable for merchandise when sold for exportation to the United States, excluding U.S. 
import duties, freight, insurance, and other charges incurred in bringing the merchandise to the United States. 


"Cost, i insurance, and freight. The import value represents the customs value plus insurance, freight, and other delivery 
charges to the first port of entry. 


"Less than % unit. 


à may not add to totals shown because of independent rounding. 


"Total | imports do not include gray portland cement that was misregistered by importers under the white cement tariff code; 


these quantities are included in table 20. 


Source: U.S. Census Bureau. 
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TABLE 20 
U.S. IMPORTS FOR CONSUMPTION OF WHITE CEMENT ‚ BY COUNTRY 


(Thousand metric tons and thousand dollars) 


ОИ a ОЕ кити чн эе ша эш аи 
т, ee a 


Value Value 
Country Quantity Customs! Cit Quantity Customs! С?З 

United States: 
Algeria 14 1,576 2,123 9 811 1,135 
Canada 251 33,932 34,681 252 34,814 35,573 
China 29 3,396 4,125 38 4,105 4,407 
Colombia 18 2,466 3,415 20 2,792 3,278 
Denmark 69 9,921 12,300 54 9,647 13,255 
Egypt 53 6,028 7,628 56 5,160 7,097 
India 1 130 178 1 68 102 
Korea, Republic of 2 53 137 (4) 45 94 
Mexico 113 15,822 17,357 121 16,560 17,832 
Thailand 18 2,406 3,249 16 2,149 3,369 
Turkey 95 7,858 12,220 21 1,871 2,628 
United Kingdom | 99 219 (4) 121 235 
Other (4) 7 7 (4) 30 33 
Total? 664 $ 83,693 97,638 588 78,173 89,038 
Colombia 5 674 862 7 898 1,172 
_ Mexko å ë o = ~~~ 14 1,641 2.216 12. 1,393 1,970 
ЕСТЕ о о " _ M (4) 51 54 
ЕТ Нн 19 2,315 3,078 19 2,342 3,195 


ТЕОРИИ 
Grand total? 683 $ 86,008 100,715 607 80,515 92233 


| | | 
Customs value. The price actually paid or payable for merchandise when sold for exportation to the United States, excluding U.S. 
import duties, freight, insurance, and other charges incurred in bringing the merchandise to the United States. 


2 > e . 
Cost, insurance, and freight. The import value represents the customs value plus insurance, freight, and other delivery charges to 
the first port of entry. 


3 . “ ” . 5 
2 of less than $90.00 (c.i.f.) per metric ton likely indicate the mistaken total or partial inclusion of data for gray portland or 
similar cement 


ent or clinker. This error happens when the importer records the wrong tariff number with the U.S. Customs Service. 
Values that exceed $200 per ton likely indicate misidentified specialty cement, not white cement. 
*Less than У, unit. 


5 
Data may not add to totals shown because of independent rounding. 


6 " А Қ 
Total imports of white cement include substantial 


| quantities of gray cement that were misregistered by importers under the white 
cement tariff code. 


Source: U.S. Census Bureau. 
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TABLE 21 
U.S. IMPORTS FOR CONSUMPTION OF CLINKER, BY COUNTRY ! 


(Thousand metric tons and thousand dollars) 


2009 2010 
Value _ Value 
Country Quantity Customs? Cif) - Quantity Customs? ` C.i.£? 
Canada 489 30,192 30,459 501 27,512 27,799 
China 3 709 855 1 175 231 
Colombia -- -- -- 21 1,222 1,754 
Egypt 3 318 337 -- -- -- 
France 62 19,571 20,732 89 29,595 31,090 
United Kingdom -- -- -- (4) 7 7 
Total’ 556 50,789 52,383 613 58,511 60,882 


-- Zero. 
'For all types of hydraulic cement. 


"Customs value. The price actually paid or payable for merchandise when sold for exportation to the United States, excluding 
U.S. import duties, freight, insurance, and other charges incurred in bringing in the merchandise to the United States. 


*Cost, insurance, and freight. The import value represents the customs value plus insurance, freight, and other delivery charges 
to the first port of entry. 


‘Less than V^ unit. 


5 
Data may not add to totals shown because of independent rounding. 


Source: U.S. Census Bureau. 
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HYDRAULIC CEMENT: WORLD PRODUCTION, BY COUNTRY"? 


Country 
Afghanistan 
Albania 
ы iac LR PCR и угез э. D 


Algeria 
inca CERRAR ЕНЕЙ 
Angola 


Argentina 

CASIN QUAS үка тин цасына эе шырыны ыр еле 
Armenia 
т E EE 
Australia" 


Austria 
Azerbaijan 


а, 
Bahrain 


Bangladesh* 


Barbados 


о eC Ee Ei es E 
Belarus 


Belgium 


Benin* 

ERO TERRE ER 
Bhutan* 
ee 


Bolivia 
Bosnia and Herzegovina 
Brazil 


на о ое ос, 


Brunei? 

pou uM ER ааш 
Bulgaria 

Burkina Faso* 


Burma‘ 

"-——— d 
C 

ашама RN ER 


ambodia 


Cameroon‘ 
Canada 
Chile 


China 
pecu НИЙ 


Colombia? 


Congo (Brazzaville) 
Congo (Kinshasa) 
Costa Rica 


"-— — 


Cóte d'Ivoire 


Croatia 

Ga o e 
Cpe. Нин 
Czech Republic == ~~~ 
Denmark 


Dominican Republic® 
Ecuador 


Egypt 
eee 
El Salvador 


> е АЕ a 5 
Eritrea* | 
Do M TEN я ао 
Estonia 


р MM DE C REED лу, 
Ethiopia 


EON E MEC LL C LE 
Fiji 

Finland 
eee 


France 


French Guiana? 
Gabon‘ 


See footnotes at end of table. 


TABLE 22 


(Thousand metric tons) 


2006 
50 
525 
14,702 
1,373 ? 
8,029 
625 
9,000 
4,852 
1,622 
400 
5,100 
338 
3,495 
8,192 
1,489 3 
180 
1,636 
1,226 
41,895 
240 
4,093 
30 


1,000 
14,336 
4,112 
1,236,770 
10,038 
100 
519 
1,400 " 
360" 
3,598 
1,705 
1,786 
4,239 
2,9371 
3,7773 
4,110 
36,100" 
1,311 
45 
849 
1,731 
143 
1,685 
22,540 
627 
260 


ыр ae ш. 


2007 2008 2009 
50 * 37° 32' 
889 918 € 1,108 ' 
15,886 17,398 19,100 ° 
1,400 1,780 1,800 
9,602 9,703 10,000 * 
722 770 467 € 
9,200 ' 9,400 ' 9,200 ' 
5,203 5,309 4,646 ' 
1,693 ' 1,595 1,286 ' 
400 438 700 ° 
5.100 5,000 5,000 
294 316 ' 301 ' 
3,821 ' 4,219 4,350 
9.571 ' 6,225 ' 9,403 ' 
1,550 1,500 1,500 
180 180 180 
1,739 1,985 2,292 
1,283 1,406 1,074 
46,551 51,970 51,748 
200 240 220 
4,413 4,903 2,662 
30 30 30 
608 676 670 
87 772 774 
1,150 3 1,000 1,000 
15,078 13,672 10,985 
4,440 4,622 3,876 
1,361,170 1,400,000 1,644,000 ' 
11,068 10,456 9,232! 
100 105 ' 110! 
530 411 444 
2,300 2,500 1,498 ' 
469 ' 360 ' 283 ' 
3,587 3,637 2,838 ' 
1,805 1,707 1,626 ' 
1,873 1,870 * 1,481 ' 
4,899 4,710 3,637 
2,871! 2,539" 1,578 ' 
4,100 4,000 3,000 
4,420 5,493 5,000 * 
38,469 ' 39,844 ' 46,500 
1,300 * 1,300 * 1212! 
45 45 45 
937 808 326 
1,626 1,834 2,300 < 
145 143 110 
1,743 1,745 1,052! 
22,300 < 21,700 18,300 
62" 62 62 
2293 230 230 


2010° 
36: 
1,300 
20,000 
1,500 
10,000 
488 3 
9,000 
4,254 3 
1,279 3 
1,200 
5,000 
300 
4,531 ? 
8,722 ? 
1,500 
180 
2414? 
949 ? 
59,118 3 
220 
3,000 
30 
534 3 
775 
1,000 
12431 ? 
3,871? 
1,880,000 ^? 
9,488 ? 
100 
530 
1,276 ? 
280 
2,664 ? 
1,600 
1,329 ? 
3,345 
2,000 
3,000 
5.000 
48,000 
1,200 
45 
375 
2,700 
110 


2010 
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TABLE 22—Continued 
HYDRAULIC CEMENT: WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons) 


Country 2006 2007 2008 2009 2010* 
бді 450 450 450 870 ^3 857 ? 
Germany 33,630 33,382 33,581 30,441 29,894 ? 
Ghana" 1,800 1,800 1,800 1,800 1,800 
Greece 15,674 16,667 16,500 * 16,000 * 15,000 
Guadeloupe" 230 230 230 230 230 
Guatemala‘ 2,400 " 2,500 2,500 1,500 1,500 
Наш“ 290 ' 290 ' 290 ' 290 ' 290 
Honduras 1,668 ' 1,776 ' 1,784" 1,800 € 1,800 
Hong Kong 1,010 1,000 1,000 1,000 1,000 
Hungary 3,724 3,552 3,544 3,200 * 3,200 
Iceland" 141 ? 140" 138" 138! 138 
India! 160,000 170,000 185,000 205,000 210,000 
Indonesia! 35,000 36,000 36,000 22,195 "3 22,000 
1гап° 35,300 41,000 44,400 ? 50,000 50,000 
Iraq’ 3,500 4,500 6,453 3 8,500 10,000 
Ireland? 4,981 ? 4,700 ' 3,900" 2,600 ' 2,600 
Israel 5,089 5,000 * 4,819 4,759 5,139 3 
Italy 47,814 47,542 43,030 36,317 36,300 
Jamaica 761 592 725 737 ' 723 3 
Japan 69,942 67,685 62,810 54,800 51,526 ? 
Jordan 3,967 4,138 ' 4,284 ' 3,799! 4,000 
Kazakhstan 4,880 5,699 5,837 ' 5,694 ' 6,686 ? 
Kenya 2,174 2,546 2,829 3,320 3,730 
Korea, North" 6,160 6,130 6,415 3 6,400 6,400 
Korea, Republic of 53,971 52,182 51,653 50,127 47,236 ? 
Kosovo’ 450 * 470. 590 600 * 600 
Kuwait 2,200 ? 2,200 2,600" 2,000 2,000 
Kyrgyzstan 1,060 1,230 1,218 579 ' 600 
Laos! 400 400 400 400 400 
Latvia! 280 300 310 650 ' 1,100 
Lebanon 3348 ' 3,945 ' 4250 ' 4,900 ' 5,227 ? 
Liberia 155 157 94 71! 67? 
Lo M 5,300 * 5.206 5,509 6,500 6,000 
Lithuania 1,065 1,105 ' 1,076 " 583 ' 834 3 
Luxembourg 901 : 1,081 ' 1,091" 1,000" 1,078 2 
Macedonia 924 945 916 909 910 
Madagascar‘ 150 270 3 270 240 270 
Malawi 188 185 240 < 240% 240 
Malaysia 18,400 * 19,480 19,629 ' 19,457 ' 19,500 
Martinique® | 220 220 220 220 220 
Mauritania 374 410 322 ' 340 ' 350 
Mito 40,362 38,757 ' 37,139 ' 35,160 34,502 ? 
Moldova‘ 837 3 800 750 700 700 
Mongolia 141 180 269 235 ' 323 3 
Morocco 11352 ' 12,792 ' 14,047 ' 14,519 ' 14,000 
Mozambique” 605 ' 665 ' 744 ' 777 884 ? 
Nepal” 295 300 295 295" 222 
co 2,790 3 2,700 2,700 2,700 270 
м, 119' 122" 137 138 160 
See footnotes at end of table. 
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TABLE 22—Сопнпиед 
HYDRAULIC CEMENT: WORLD PRODUCTION, BY COUNTRY" 


(Thousand metric tons) 


m Country 2006 - 2007 2008 2009 2010* 

· : 1,120 1,100 1,100 1,100 1,200 
еш 530 530 530 530 530 
D ARMEN 62! 42! 40 ' 40 40 
о MEER 3,300 4,700 5,000 5,000 ' 5,400 
Norway |. 1,695 ? 1,700 1.700 1.650 1650 
Lo ао 3,611 3,880 3,99] 4,000 * 4,200 
сга MARNE 20,652 25,745 ' 26,000 =€ 28,000 "€ 30,000 
Panama 1,050 * 1,050 * 1,843 ' 1,679 ' 1,700 
Paraguay" 600 600 600 600 600 
Peru 5,782 6,231 6,922 6,862 6,865 P? 
Philippines" 12,033 13,048 13,369 14,865 15,900 ? 
Poland 14,688 17,120 17,207 15,537 15,521 3 
Portugal 8,340 12,631 12,650 12,700 12,750 ? 
Qatar 1,568 2,400 ^* 3,800 =° 4,095 ' 3,780 ? 
Réunion* 400 400 400 375 375 
Romania 8,253 10,060 " 10,660 ' 7,902" 7,008 2 
Russia 54,731 ' 59,939 ' 53,548 ! 44,266 ' 50,400 
Rwanda 103 103 103 92° 100 
Saudi Arabia 27,056 30,369 31,823 36,500 ' 42,300 3 
Senegal 2,884 3,152 3,084 3,327! 3,000 
Serbia’ 2,565 2,677 2,843 2,232 2,300 
Sierra Leone 234 236 254 236 ' 230 
Slovakia 3,593 3,718 4,157 3,011 2,8887 
Slovenia" 1,269 ? 1,300 1,300 1,000 1,000 
South Africa, sales 12,658 13,651 13,473 € 11,784 ' 13,000 
Spain, including Canary Islands 54,033 54,720 42,088 29,505 23,473? 
Sri Lanka* 1,600 1,700 1,800 1,900 2,000 
Sudan 202 326 247° 622 ' 962 3 
Suriname" 65 65 65 65 65 
Sweden 2,952 2,950 2,900 * 2,950 * 2,900 
Switzerland 4,040 ? 4,000 4,000 4,000 4,000 
Syria 4,804 5,104 5,336 5,605 6,000 ? 
Taiwan 19,294 18,957 17,330 15,918 16,301 ? 
Tajikistan 282 313 190 195 ' 288 ? 
Tanzania 1,370 1,630 1,756 1,941" 2,000 
Thailand 39,408 35,668 31,651 33,562 ' 36,496 ? 
Togo" 800 800 800 800 800 
TrnidadandTobago — — 883 902 ' 958 870 ' 800 
Tunisia 6,932 7,052 7,559 7,511! bunt 
Tukey ы LLL 47,499 49,553 54.027 53,973 62,737 
таа 921! 941 € 1,026 ' 1,100" 1,100 
ов 630 650 650 650 - У 
uU EMEN 13,732 15,000 14,918 9,496 9,45 
United Arab Emirates 13,000 *° 16,000 %< 21,885 18,997 18,000 
United Kingdom 11,471 ' 11,887 10,071 7,623 ' | 
United States, including Puerto Rico" 99,712 96,850 87,610 64,843 ' es 
Uruguay? NE 620 620 620 620 | NE 
Шиш 5,700 6,500 3 6,600 6,850 а 


See footnotes at end of table. 
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TABLE 22—Continued 
HYDRAULIC CEMENT: WORLD PRODUCTION, BY COUNTRY? 


(Thousand metric tons) 
- а а НЕ 
Б Country 2006 2007 2008 2009 2010* 
Venezuela" 11,000 ' 11,000 ' 11,000” 11,000" 11,000 
Vietnam 32,690 37,102 40,009 47,900 50,000 
Yemen 1,470 1,728 2,111' 2,118 F 3,000 
Zambia" 550 ' 540 ' 560 ' 880 * 1,000 
Zimbabwe" 700 400 400 700" 700 
Total® 2,620,000 ' 2,810,000 2,850,000 3,030,000 ' 3,310,000 


“Estimated, "Preliminary. ‘Revised. -- Zero. 

World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. Even where presented 
unrounded, reported data are thought to be accurate to no more than three significant digits. Data are from a variety of sources, including the 
European Cement Association. 

Table includes data available through July 23, 2011. Data may include clinker exports for some countries. 


"Reported figure. 

‘Data are for fiscal year ending March 31 of the following year. 

Data for 2006-08 are for gray cement only; white cement output was likely to have been an additional 50,000 to | 00,000 tons per year. 
‘Not included in Serbia data. 

‘Cement sales from Cimentos de Moçambique SARL (Sociedade Anónima de Responsabilidade Limitada) only. 

"Philippines reports cement production, in bags: 2006—300,822,821; 2007—334,228,355; 2008—378,214,634; 2009—371,628,730; 
and 2010—375,000,000 (estimated). 

"Excludes Kosovo data. 

Portland and masonry cements only. Includes a small (less than 0.3% per year) component of double-counting where portland cement 
(not clinker) is consumed to make masonary cement; the precise amount of double-counting can not be determined because of the 
involvement of portland cement stockpiles. 
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CHROMIUM 
By John F. Papp 


Domestic survey data and tables were prepared by Lisa Mersdorf, statistical assistant, and the world production tables were 


prepared by Glenn J. Wallace, international data coordinator. 


[n 2010, the U.S. chromium supply (measured in contained 
chromium) was 144,000 metric tons (t) from recycled stainless 
steel scrap, 499,000 t from imports, and 136,000 t from 
Government and industry stocks. Supply distribution was 
274,000 t to exports, 122,000 t to Government and industry 
stocks, and 383,000 t to apparent consumption. Chromium 


apparent consumption increased by 140% compared with that of 


2009. 
Legislation and Government Programs 


The Defense Logistics Agency, DLA Strategic Materials 
(DLA) disposed of chromium materials under its fiscal year 
2010 (October 1, 2009, through September 30, 2010) Annual 


Materials Plan (AMP) and announced the fiscal year 2011 plan. 


The DLA's fiscal year 2011 AMP set maximum disposal goals 
for chromium materials at 90,700 t of chromium ferroalloys 

and 454 t of chromium metal (Defense Logistics Agency, DLA 
Strategic Materials, 2011). 


Production 


Industrial Minerals Corp. Ltd. (Australia) (IMC) continued 
construction on the Oregon Heavy Minerals Project (OHMP) 
(0 recover chromite from paleo-beach placer (heavy-mineral 
sand) deposits in Coos County, OR. IMC reported proved and 
probable ore reserves of 8.26 million metric tons (Mt) at an 
average grade of 7.41% chromic oxide (Cr,O,). IMC planned 
0 mine ore and reclaim dry tailings concurrently in the same 
pit. Run-of-mine ore would be stockpiled at the mine site 
before being transported about 30 kilometers to the mineral 
separation plant. Dry tailings would be returned for mine 
2. At the mineral Separation plant, ore sand would 
win ae wet spirals that Separate constituent minerals 
His) eore, Which consists of the heavy minerals 
Bis e high-iron ilmenite, and zircon, would then be 
ee Bangue material via a dry process comprising 
iih n magnetic, and density separators. IMC planned 
a oe production in 2011 under the name Oregon 
i. ui Oregon Resources planned to produce 63,000 
difen 21. (yr) of foundry-grade chromite, which 
"m Prises A chromite sand because 
паа К nds (Drew and others, 2010, p. 29—39; 

огр. Ltd., 2011 - 
Elementis Chromi oe p. 12 24). 
| um [а subsidiary of Elementis plc (United 


gdom)] produced sodium di 
isle Haynes, NC Sodium dichromate from chromite ore at 


i | кө, stee] indus 
ч materials. AK 
ih orth erican 
PAlnlless stee] Producers į 

Ustry Produced more 


ӘМ is the leading consumer of 
se Corp., Allegheny Technologies 
teel Co. were the leading U.S. 
MA 0. nus U.S. stainless steel 
типоп metric tons per year 
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(Mt/yr) of stainless steel and imports and exports stainless steel 
mill products and scrap, which account for a significant amount 
of chromium in U.S. trade. 


Consumption 


Domestic data for chromium materials were developed by 
the U.S. Geological Survey (USGS) by means of the monthly 
“Chromite Ores and Chromium Products” and “Consolidated 
Consumers” consumer surveys. Stainless and heat-resisting 
steel producers are the leading chromium consumers, and 
high-carbon ferrochromium is the leading chromium-containing 
material consumed. 

Roberts (2010, p. 40-48) observed that chromite sand 
has traditionally been commonly used as a facing sand on 
manganese steel castings or for large castings or thick sections; 
however, it is also used as a molding sand and in a wide range of 
ferrous and nonferrous castings. 

The U.S. Department of Energy (2011, p. 30) reported that 
iron-chromium batteries may play an essential role in clean 
energy generation and distribution by storing energy generated 
in excess of immediate demand for later use. 


Technology 


Chromite ore is a combination of chromite minerals and 
gangue minerals that are separated through the beneficiation 
process after mining. Chromite mineral is the chromium-rich 
component of a complex family of spinel group oxide minerals 
comprising aluminum, chromium, magnesium, and (or) iron in 
solid solution. The chromium-rich components are magnesium 
chromite (MgCr,O,) and iron chromite (FeCr,O,). Gangue 
minerals comprise one or more silicate minerals. Gangue 
minerals affect the performance of chromite products, because 
beneficiation does not completely separate them from chromite 
ore. Metamorphosis of ore can result in the Cr,O, reporting 
to the gangue minerals stream (tailings) during beneficiation 
(Greico, 2010). 

Mineral beneficiation of chromite ore from South Africa and 
Zimbabwe is the exploitation of physical properties, such as 
density and chemical, magnetic, and surface characteristics, 
to produce concentrates. Current chromite ore beneficiation 
practice is to separate chromite ore from gangue minerals 
via dense media separation or gravity separation, which take 
advantage of the higher density of chromite minerals [4.3 to 
4.5 grams per cubic centimeter (g/cm?)] compared to that of 
silicates (the gangue minerals) (2.6 to 4.0 g/cm?). New methods 
will be required to process lower grade or mineralogically 
more complex chromite ore deposits. Future beneficiation may 


17.1 


Incorporate preconcentration, sensor-based sorting, or higher 
density cut points of dense media separation (McKenzie, 2010). 
Cookson (2010) compared ferrochromium process 
technologies, capital equipment costs, power requirements, 
reductant and ore consumption, and production costs for the 
ChromeRed, ChromeRed plus DCF SAF, direct current furnace 
(DCF), Outotec, and submerged arc furnace (SAF) processes for 
a greenfield ferrochromium plant to be constructed in 2 years, 
which would produce 252,000 metric tons per year (t/yr), 
and consume South African МО chromite ore comprised of 
70% concentrate, 20% lumpy, and 10% chip. Such a plant 
would cost $450 million to $500 million to construct, consume 
2,070 to 3,080 kilowatthours (kWh) of electricity per ton of 
ferrochromium, require 1.95 to 2.06 t of chromite ore per ton 
of ferrochromium, and cost 46.36 to 59.40 cents per pound of 
chromium produced. DCF SAF and ChromeRed had the lowest 
capital cost at $454 million. ChromeRed had the lowest power 
consumption at 2,250 kilowatthours per metric ton and the 
lowest production cost at 46.36 cents per pound of contained 


chromium. 


Prices 


Market forces and the U.S. dollar-South African rand 
exchange rate affected the price of ferrochromium (Davidson, 
2010). Exchange rate change accounted for about 3196 of фе 
ferrochromium price increase in 2010 from that of 2009 (Pacific 


Exchange Rate Service, 2011). 


World Industry Structure 


The geographic distribution of mineral production has 
changed during the past 150 years. Europe, along with the 
United States, accounted for nearly all of mineral production 
in the mid-19th century, but together now account for less 
than one-fifth of world mineral production. The world share 
of mineral production from the United States and Europe had 
been decreasing while the share from Australia, Canada, China, 
Commonwealth of Independent States (CIS), and a number of 
developing countries has been increasing. While minerals and 
metals are not being mined to extinction, mineral scarcity will 
likely become an issue in coming decades. The E e 
of Western countries by developing countries as the leading 

ineral producers has major geopolitical implications, because 
E dependent on foreign supplies to satisfy its industrial 
t de of concern that scarce-minerals markets could 
deman : rmed from equal-access competitive bidding markets 
be dut | where trade is conducted by long-term supply 
М between major corporations with heavy government 
sou resulting in a politicized mineral supply (Kooroshy 
inv , 
and others, 2010, p. 42 M reported that India, like China, 

Chromite р ri United States, classifies chromite ore as a 
Germany, 21 material. India has been restricting the export of 
strategic raw The United States stockpiled chromite ore, which 
chromite i eine sold. China is investing in South Africa and 
is current (и ain access to ore supplies and is discouraging 
Zimbabwe to £ ort via export duty. The European strategy 
ferrochromlum Ср ation and recycling. South Africa, the 
emphasizes С 
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leading exporter of chromite ore, has threatened to restrict 
chromite ore exports by imposing export duties to encourage 
domestic vertical integration. 

The chromium industry relationship between China and 
South Africa was observed by Xstrata plc to be complementary 
for chromite ore and competitive for ferrochromium. The 
complementary nature of the chromite ore industry between 
China and South Africa resulted from the fact that China 
consumed much more chromite ore than it could produce, 
while South Africa produced much more chromite ore than 
it consumed. The competitive nature of the ferrochromium 
industry between China and South Africa resulted from the fact 
that both China and South Africa produced ferrochromium. 
China's ferrochromium industry is not a threat to that of South 
Africa because South Africa is a lower cost producer (Xstrata 
plc, 2010). China, as the leading consumer of chromium 
materials, and South Africa, as the leading producer of 
chromium materials, were expected to reach an accommodation 
through trade and investment. 

Chromium Chemicals.—Major chromium chemical 
producers were China, Kazakhstan, Russia, South Africa, and 
the United States. Daijian (2010) reported that world annual 
production capacity of chromium chemicals was 1 Mt sodium 
dichromate equivalent. China had the leading capacity at 
40% followed by Kazakhstan, 15%; the United States; 10%; 
Russia, 796; South Africa, 696; and India and Turkey, 5% each. 
China's chromium chemical production industry was down to 
14 chromium chemical producers in 12 Provinces from more 
than 70 producers historically. China planned to consolidate 
production further to about 4 plants producing 50,000 to 
100,000 t/yr during the next 5 years, improve environmental 
quality, and prohibit any new chromium chemical enterprises. | 
China produced about 35,000 t-sodium dichromate equivalent In 
2010. Diajian anticipated that chromium chemical consumption 
in China would reach 500,000 t/yr by 2020. 

Stainless Steel. —lnternational Stainless Steel Forum (2011) 
reported 31.1 Mt of world stainless steel production in 2010, a 
27% increase compared with that of 2009. A review of stainless 
steel life cycle in 51 countries from 2000 through 2005 found 
the amount of stainless steel in use had increased by 30%. 
During the same time period, China accounted for almost one- 
half of world stainless steel production growth; global stainless 
steel recycling rate increased from 6676 to 7096; the amount 
of stainless steel landfilled was unchanged; and the ao 0 
stainless steel lost to other steel alloys increased from 9% to T 
12%, China was estimated to begin major discard flows in 20 

Reck and others, 2010). 
| Ferrochromium.—Grigorieva (2010) reported that i " 
volume of international ferrochromium trade о, gnum 
2008 to 2009 while China lost and the CIS gained marke М 

ad: ot as muc 
World stainless steel production declined; however, n ue 
as crude steel production. In 2009, the CIS p 

1.4 Mt of ferrochromium and consumed about 200, d T 
leaving the balance for export. CIS ferrochromium p peni 
had conveniently located, large, integrated plants С 
quality products with low production costs. The | es 
ferrochromium industry included SC Feral SRL (Tulcea, 
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Romania); Chelyabinsk Electrometallurgical Integrated 
Plant (Chelyabinsk, Russia), which consumed chromite 
ore from CML (Australia) and JSC Kongor-Khrome (near 
Salekhard, Yamalo-Nenets Autonomous Region, Russia) (RFA 
International, LP, 2008); and Eurasian Natural Resources Corp. 
(ENRC) (United Kingdom), which produced ferrochromium in 
Kazakhstan at Aktobe Ferroalloy Plant, Aksu Ferroalloy Plant, 
and Serov Ferroalloy Plant, and chromite ore at Donskoy Ore 
Mining and Processing Plant. 

Hobbs (2010) found that ferrochromium and stainless 
steel output fully recovered in 2010 from the global 2008—09 
recession, and that the grade mix of stainless steel produced 
had shifted to 56% chromium-nickel, 2896 chromium, and 16% 
chromium-manganese in 2010 from 7296 chromium-nickel, 2396 
chromium, 5% chromium-manganese in 2001. In other words, 
chromium-nickel stainless steel lost market share mainly to 
chromium-manganese stainless steel. Chinese ferrochromium 
consumption drove the 2010 chromium market recovery and 
China was expected to be the leading consumer along with India 
in the foreseeable future. 


World Review 


European Union.—The European Union (EU) produced 
chromite ore, chromium metal and ferroalloys, and stainless 
steel. The EU was the third leading stainless steel producing 
area after China and Asia (excluding China). The leading 
stainless steel producers in the EU were Acerinox, S.A., 

Aperam S.A. (a wholly owned subsidiary of ArcelorMittal), 
ThyssenKrupp AG, and Outokumpu Oyj. 

Stainless steel production has shifted from Europe to Asia, 
where the world’s leading three producers, Tangshan Iron and 
Steel Co. (Taigang), Pohang Iron and Steel Co. Ltd. (POSCO), 
and Yieh United Steel Corp. (Yusco) were located. In addition, 
I3 of the top 20 stainless long products manufacturers were 
Asian Chinese companies announced their expansion plans, and 
Chinese officials said that they were building now for demand 
о 10 years. By contrast, stainless producers in Europe and 
= operated at low capacity utilization and low profitability 

cause demand was low. For China's competitors, the biggest 
2. Were that its lower cost and increasingly high-quality 
"amm p - their export markets (Metal Bulletin 

€ European Commiss; identi 
materials and metals (relative : S uova С а г. 
is critical to the EU based on the geo litical fi ‚о 
in which they are кы geopolitical framework 
сійсаћу on ние consumed. The EC based 
Supply ris О the EU economy and supply risk. 
Bid was based on environmental risk, concentration of 
uction, recy cling, and substituti : P 
there would he lon. The EC was concerned 
кз © inadequate supply to meet ing- 
ology demand Chromis et emerging 
economic importance, low | m was determined to be of hi ghest 
upply risk, and low environmental 


country risk, . 
chromium AM technologies affecting demand for 
tchnologies. In ae - seawater desalination and marine 
emerging 5. 0 Increasing demand resulting from 
and metal demand w 2165 identified above, raw material 
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material assessments; improvement of raw materials statistical 
information; EU policies that improved access to primary raw 
materials resources including land access, trade, and investment 
encourage recycling; substitution; and efficient use (European 
Commission, 2010a, p. 37-43; b, p. 5, 6, 12-14, 19, 23, 34—39, 
43, 47). 

The European Chemicals Agency proposed four chromium 
compounds—ammonium dichromate, potassium chromate and 
dichromate, and sodium chromate—for public consultation as 
*substances of very high concern' as part of its Registration, 
Evaluation, Authorization and Restriction of Chemical 
Substances legislation. Sodium chromate was used in the 
production of other chromium compounds, potassium chromate 
was used in metals coating, ammonium dichromate was used in 
the treatment of metals, and potassium dichromate was used in 
the manufacture of chromium metal. The chromium compounds 
were proposed for consultation by the Danish, French, and 
German governments (Metal Bulletin Daily, 2010c, p. 3). 

Albania. —ACR Albanian Chrome [a subsidiary of DCM 
DECOmetal GmbH (Austria)] produced ferrochromium for 
export at its Elbasan smelter using chromite ore from Bulqiza 
Mine. ACR planned to upgrade the Bulqiza Mine and Elbasan 
smelter and renovate the ferrochromium smelter at Burrel. 
ACR would increase its ferrochromium production capacity to 
72,000 t/yr from the current 36,000 t/yr with the addition of a 
third furnace at Burrel (Metal Bulletin Daily, 20105; SBB Daily 
Briefing, 2010). 

Australia.—The Government of Western Australia reported 
chromite ore sales by calendar year in contained Cr,O,: 2010, 
73,618 t-Cr,O,; 2009, 72,813 t-Cr,O, (Government of Western 
Australia, 2011, p. 20). 

Weld Range Metals Ltd. started a study to determine the 
feasibility of exploiting 63.5 Mt of inferred mineral resource 
containing 496 chromium, 38.196 iron, and 0.3894 nickel in 
Western Australia. Weld Range planned to mine 600,000 tyr 
of ore to produce 310,000 t/yr of refined iron-chromium-nickel 
alloy starting in 2015 subject to affirmative feasibility and 
completion of capital raising (Weld Range Metals Ltd., 2010). 

Brazil. —Brazil produced chromite ore, ferrochromium, and 
stainless steel. Brazil reported 2009 chromite ore production of 
365,210 t (140,786 t Cr,O,-content), exports of 75,334 t, and 
imports of 11,953 t. Brazil produced from chromite ore reserves 
of 3.824 Mt Cr,O,-content, mostly in Bahia State. In 2009, 
Brazil produced 131,048 t of chromium ferroalloys, exported 
5,063 t, and imported 6,030 t (Ramos, 2010). 

Canada.— Cliffs Natural Resources Inc. (United States) 
(2011, p. 3, 5) reported that its chromite ore resources in 
Ontario were in the prefeasibility stage of development. Having 
completed the acquisition of Freewest Resources Canada Inc. 
and Spider Resources, Inc. Cliffs owned 10096 of the Black 
Thor and Black Label properties and 74% of the Big Daddy 
property in 2010. Cliffs planned to produce from 1 to 2 Mt/yr 
of chromite ore out of which it would produce from 400,000 to 
800,000 t/yr of ferrochromium. 

China.—China produced chromite ore, chromium chemicals 
and metal, ferrochromium, and stainless steel. In 2010, China 
was the leading producer of stainless steel, which made it 
the leading market for ferrochromium. China also produced 
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a small amount of chromite ore and a moderate amount of 
ferrochromium, mostly from imported chromite ore. China 
imported 6.76 Mt of chromite ore and 2.2 Mt of ferrochromium. 
China's chromium apparent consumption was 3.2 Mt (about 
15% of world production). The Stainless Steel Council of China 
Special Steel Enterprise Association reported stainless steel 
production of 11.26 Mt in 2010, and the stainless branch of the 
China Metal Trade Association reported 14 Mt (Metal Bulletin 
Daily, 2011). 

At yearend 2008 (the latest year for which data were 
available), China had chromite ore reserves of 1.98 Mt 
distributed among Gansu, Inner Mongolia, Tibet, and Xinjiang. 
China's annual chromite ore production has been between 
220,000 t and 250,000 t. From 2002 through 2009, world 
chromium ore imports increased to 9.89 Mt, a growth rate of 


220%, while China's imports increased to 6.76 Mt, a growth rate 


of 49396. In 2009, China accounted for 6895 of global chromite 
ore trade. Since 2006, Oman, South Africa, and Turkey have 
increased their share of the Chinese market, and India and the 
rest of the world share has decreased. In 2009, China produced 
1.81 Mt of ferrochromium from 70 plants whose total capacity 
was 3.2 Mt. Production was 600,000 t from Sichuan, 370,000 t 
from Shanxi, and 370,000 t from Inner Mongolia. From 2006 
through 2009, China ferrochromium production has grown at 
an average annual rate of 26.6%. China imported 2.16 Mt of 
high-carbon ferrochromium in 2009 reaching a growth rate of 
191% since 2006 (Hailiang, 2010). 

Eurasian Natural Resources Corp. PLC (ENRC) (United 
Kingdom) reported production of 28,000 t of ferrochromium at 
its Tuoli plant in 2010 (Eurasian Natural Resources Corp. PLC, 
2011, p. 22, 46). | | 

Chinese mining companies have been securing raw material 
resources outside China. China Minmetals, Sinosteel, and | 
Jiuquan Iron and Steel, which are entirely parastatal companies, 
have made joint-venture agreements with South African 
companies to produce chromium raw materials needed by 
China's steel industry. Some industry analysts expressed 
concern that China's expansion into raw material resource 
production could, in the long term, undermine the free market 
system that has provided raw materials, and lead to uncertain 


access to strategic minerals through the politcalization of the 
ineral-producing countries. Limited supply 


‘ning i in mi 
mining industry in | 
of ud raw material resources could cause increased chances 


for conflict (Burgess, 2010; Campbell, 2010; Pariser, 2010, 


р. 3). | 
Bielski (2010) апп 
rate would be 7.9% a 
time period (stainless st 
nee ig ape of 25 Mt resulting in domestically 
steel producti ' aterial supply becoming exceptionally tight, 
produced raw Feupply bë coming an issue. Raw material growth 
" i arkets was constrained by limited exploration 
in develope = 0 to 30 years, environmental costs, power and 
during the P я Imitations, skilled labor shortages, and rising 
infrastructure e duties and taxes. China needed to accelerate 
fiscal and tra epi capacity investments, increase scrap 
ш; and find materials substitutes. 
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fer 2010 from 17.1% during the 2000-10 
teel, 8.3% after 2010 from 35.894). 


17.4 


cipated that China's steel compound growth 


n China was expected to lead to stainless 


Based on gross domestic product, China's economy increased 
fourfold since 1998. In 2010, China displaced Japan as the 
second leading economy. Since 1992, China has become the 
world's leading national consumer of many raw materials 
and must make up the gap between domestic production and 
consumption through imports, making China increasingly 
import dependent and at risk of potential severe raw materials 
shortage that could interrupt its economic development. 

While most national economies experienced negative metal 
consumption growth in 2009 resulting from the recession that 
followed the banking crisis of 2008, China's economy reached 
record import levels for selected metal commodities and showed 
double digit year-on-year consumption growth. While China has 
increased domestic steel consumption, mostly for its domestic 
construction industry, it did so based on only 20% domestically 
produced iron ore. As China's raw materials import dependence 
has increased, so has its overseas foreign direct investment, 

a large portion of which is in the resource sector. From 2008 

to 2009, China moved from 13th to 6th ranked by foreign 
direct investment outward flows, and China holds the world's 
largest national currency reserves, with which it can invest. 
Wath (2010) expected Australia and Africa to receive greater 
investment attention from China. 

Wenzhang (2010) anticipated China's crude steel production 
would increase until about 2012—13, at which time China's 
per capita income would reach about $5,000 per person. | 
Historically, it has been at this point that crude steel production 
peaked in the economies of France, Germany, Japan, and the 
United States. In 2012, China's crude steel production would be 
680 Mt; consumption would be 650 Mt. 

The leading stainless steel producers in China were Baoshan 
Iron and Steel (Group) Corp. (Baosteel) [Baogang Group], 
Lianzhong Stainless Steel Corp., Shanghai Krupp Stainless Co., 
Ltd., Tangshan Iron and Steel Co. (Taigang) (Hebei Iron and 
Steel Group Co.), and Zhangjiang Pohang Stainless Steel Co., 
Ltd. China’s stainless steel melting capacity could reach 
23 Mt/yr by 2015 at which time consumption was expected to 
be 14 Mt/yr necessitating China’s finding export markets for the 
excess production so that it could keep its stainless mills running 
at a reasonable rate (Metal Bulletin Weekly, 2010a, p. 25-26). 

Shiguo (2010) reported that China planned to renovate its 
ferroalloy industry. In 2009, with 20% of world population, 
China accounted for 44% of iron and steel production and 
more than 60% of world ferroalloy production. AS China $ рег 
capita income moved from $1,000 to about $4,000 in 7 
ferroalloy demand increased. It is China’s goal to consoli ate 
ferroalloy production into higher efficiency, less polluting, 
rationally located ferroalloy plants. The current goal is comp 
controlled, semiclosed furnaces with electrical capacity of 
25.000 kilovolt-ampere or greater that consume less energy an 
raw materials per unit of production. 

Finland.—Finland produced chromi 
ferrochromium (Tornio Works), and stainl 
Works). Outokumpu produced 0.598 Mt of marketable А 
chromite ore from 1.3 Mt of run-of-mine оге and 0.238 i A 
ferrochromium compared with 0.247 Mt of chromite ore A 
0.9 Mt of run-of-mine ore and 0.123 Mt of ferrochromium ө p 
2009. The company reported proven reserves of chromite 0 
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36 Mt graded at 26% Cr,O,, and indicated resources of chromite 


2:3? 


оге at 13 Mt graded at 30% Cr,O,, and inferred resources of 


22247 


· chromite ore at 74 Mt graded at 29% Ст,О, (Outokumpu Оуу, 


2011, p. 37). | 
. Best available technology applied to ferrochromium and 


stainless steel integrated plant production improved profitability, 
reduced CO, emissions, and provided clean and safe working 
conditions at Outokumpu's Tornio works. The use of preheated 
pellets reduced power consumption for ferrochromium 
production to 3,470 kWh per ton of ferrochromium produced 
(Kauppi, 2010). 
Germany.—Elektrowerke Weisweiler GmbH [owned by 
Ruukki Group (Finland)] produced 17,994 t of ferrochromium 
in2010 compared with 14,074 t in 2009 from a production 
capacity of 30,000 t/yr (Ruukki Group plc, 2011, p. 5, 12). 
German industry relies on imported raw materials supply, 
which emerging technologies will convert into high-tech, 
cutting edge products. Chromium was among 15 vulnerable 
raw materials for German manufacturing industry. Thirty-two 
emerging technologies were analyzed for their impact on these 
vulnerable materials. German economic development depends 
on secure supply of stably priced raw materials (Angerer and 
others, 2009, p. 1, 2, 9-13). 
India.—India produced chromite ore, chromium chemicals, 
ferrochromium, and stainless steel. India exported lumpy 
and friable chromite ore and chromite ore concentrates. India 
reported that 22 mines collectively produced 3.98 Mt of 
chromite ore in fiscal year 2008-09 (April 1, 2008, through 
March 31, 2009) compared with 4.87 Mt from 20 mines in 
fiscal year 2007-08, from chromite ore reserves of 53.9 Mt as of 
January 4, 2010. India reported chromite ore exports of 1.90 Mt 
In fiscal year 2008-09, compared with 0.907 Mt in fiscal year 
2007-08 (Indian Bureau of Mines, 2010a, c). From an installed 
pi: capacity of 1.30 Mt/yr, India produced 0.817 Mt of 
жук +. fiscal year 2008-09 compared with 0.949 Mt 
ied Ha ЕЕ India exported 492 Mt of ferrochromium 
207-06 (India E. compared with 483 Mt in fiscal year 
Mis rere: a of Mines, 2010b). The Geological 
айша О, за ед тапу chromite ore deposits that it had 
The leading India yis pu n 
mica E chromite ore and (or) ferrochromium 
Divison of Tat p n Ltd., Ferro Alloys and Minerals 
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Mining Corp. Ltd d : A Group, JSL Ltd., Orissa 
j^ a s A DA Industries Public, Rohit Ferro-Tech 
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sa ы? рөн 339 Mio 
MO-t beneficiation ard а 5 апа Operated two 
femochromium, Dant on and pelletizing plants; the Aktobe 
"Tochtomium, 26 Produced 300,000 t of high-carbon 
, 20,000 t of medium- р i 
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C produ 
Um pro T RM chromite ore at Donskoy Mining Complex 
боле ore Ne of 3.5 Myr. ЕМЕС reported salable 
ction of 3.574 Mt in 2010 compared with 


3.398 Mt in 2009 (of which Serov accounted for 65,000 t) and 
3.629 Mt in 2008 (of which Serov accounted for 77,000 t). 
ENRC produced ferrochromium at Aksu, Aktobe, Serov 
Ferroalloy Plant JSC (Russia), and Tuoli (China) plants. 
ENRC reported ferrochromium production of 1.44 Mt in 

2010, compared with 1.161 Mt in 2009 and 1.196 Mt in 2008, 
typically with 6996 chromium content, of which in 2009, 
105,000 t at Serov Ferroalloy Plant JSC (Russia) and 28,000 t 
at Tuoli (China). At Aktobe, where ENRC operated a gas-fired 
electrical powerplant, ENRC started construction of four 

new direct current furnaces with collective ferrochromium 
production capacity of 440,000 t/yr at an estimated cost of $750 
million. The new production capacity was to replace a portion 
of the old production capacity, which was to be retired. For 
Donskoy GOK, ENRC reported Joint Ore Reserves Committee 
(JORC) compliant chromite ore reserves of 225.8 Mt at 41.5% 
Cr,O, and resources of 322.2 Mt at 49.2% Сг,О, as of 
December 31, 2009 (Eurasian Natural Resources Corp. PLC, 
2010, p. 21-22, 115-119; 2011, p. 22, 46). 

Mechel OAO (Russia) owned Oriel Resources (United 
Kingdom), which produced chromite ore at Voskhod Mine. 
Mechel reported JORC and NI 43-101 compliant proven 
(0.9 Mt) plus probable (17.4 Mt) chromite ore reserves at an 
average grade of 42.2% Cr,O, as of December 2010 (Mechel 
OAO, 2010, p. 110). 

Nigeria.—Chromite ore from the Anka area, Zamfara 
State, of Nigeria was characterized and beneficiated using 
magnetic separation. Beneficiated chromite ore was found 
to contain 48% Cr,O, with chromium-to-iron ration of 6.2:1. 
Abubakre and others (2007) found that the chromite ore was 
successfully upgraded to meet specifications for metallurgical 
use by conventional ore dressing methods. Rhodium Ltd., an 
indigenous prospecting and development company, investigated 
the Dambagudu Chromite Deposit, which is near Talata-Mafara, 
Zamfara State (Rhodium Ltd., undated). 

Oman.— A] Tamman Trading Establishment LLC (a wholly 
owned subsidiary of Muscat Overseas Group) operated two 
chromite mines—Al Ram Chromite and Wadi Rajmi Chromite 
projects. Al Ram produced about 12,000 metric tons per 
month (t/mo) at an average grade of 38% Сг,О, and Wadi 
Rajmi produced 5,000 t/mo, 32% Cr,O, (Al Tamman Trading 
Establishment LLC, 2010). Muscat Overseas Group formed a 
joint-venture agreement with Indsil Group (Indsil Energy & 
Electrochemicals Ltd. and Indsil Hydro Power & Manganese 
Ltd.) to build a plant in Oman with ferrochromium production 
capacity of 75,000 t/yr (Indsil Group, 2010). Hatton FZE 
reported chromite ore production of about 480,000 t/yr from 
the Somail region (Hatton FZE, undated). Northern Minerals 
Co. LLC reported chromite ore production in the Batinah and 
Dakhiliya Regions (Northern Minerals Co. LLC, undated). 

Russia.—Russia produced chromite ore, chromium chemicals 
and metal, ferrochromium, and stainless steel. ENRC produced 
chromite ore at Saranovskaya Mine ‘Rudnaya’ JSC and 
ferrochromium at Serov Ferroalloy Plant JSC. ENRC reported 
Saranovskaya chromite ore production of 65,000 t in 2009 
compared with 77,000 t in 2008 and Serov ferrochromium 
production of 105,000 t in 2009 (Eurasian Natural Resources 
Corp. PLC, 2010, p. 21). 
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Mechel acquired the Tikhvin Ferroalloy Smelting Plant 
Closed Joint-Stock Co. through the acquisition of Oriel 
Resources plc (United Kingdom) in 2008. Mechel produced 
455,800 t of ferrochromium in 2010 compared with 400,700 t in 
2009 at 4 plants—Chelyabinsk Electro-Metallurgical Plant ОАО 
(211,600 t compared with 207,700 t), Chelyabinsk region; Serov 
Ferroalloys Plant OAO (167,500 t compared with 
92,700 t), Sverdlovsk region; Tikhvin Ferroalloy Plant ZAO 
(72,100 t compared with 95,200 t), Leningrad region; and 
Klyuchevsk Ferroalloys Plant OAO (4,600 t compared with 
5,100 t), Sverdlovsk region (Mechel OAO, 2010, p. 52, 108; 
2011, p. 111). 

South Africa.—South Africa was a leading chromite ore and 
ferrochromium producing country and produced chromium 
chemicals and stainless steel. Among issues confronting 
the South African chromium industry were electrical power 
generation and logistics. Leading producers of chromite ore 
and (or) ferrochromium in South Africa were African Rainbow 
Minerals Ltd., ASA Metals (Pty.) Ltd., Assore Ltd., Chromex 
Mining plc, Hernic Ferrochrome (Pty.) Ltd., International 
Ferro Metals Ltd., Lanxess (Pty.) Ltd., Merafe Resources Ltd., 
Samancor Chrome Ltd., Tata Steel Ltd., and Xstrata plc. 

South Africa's Council for Mineral Technology (Mintek) 
conducted Government- and commercial-sponsored research 
and development on chromite ore and ferrochromium. 

Mintek developed mine-specific processes for chromite 

ore beneficiation, developed platinum recovery process 
applied to chromite ore tailings, developed furnace controller 
technology for ferrochromium-producing furnaces, and 
developed stainless steel dust recycling technology. Mintek 
reported a furnace-control and optimization system for an 80 
megavoltampere furnace at Kazchrome's Aksu ferroalloy plant 
in Kazakhstan (Mintek, 2010). | 

Platinum-group minerals (PGM) are found in the Merensky 
and UG2 reefs; however, the UG2 reef contains substantially 
more chromite. After the extraction of PGM, chromite Is left 
in the tailings. PGM mining of the UG2 reef has increased, 
ause mining is less costly and better technologies are 
e chromite-rich ore. Increased demand for 

i xport and as a low-cost chromite to supplement 
Шы smelting, now that pelletizing and sintering 
technologies for chromite fines are common, have made these 
tailings useable. Machingawuta (2010) oodd that шаны 
of ferrochromium containing less than 5096 chromium also 

i to UG2 tailings processing, because those tailings 
о ium containing 49.5% chromium. Aiken 
p е 2. ое chromite contains 10% to 25% СО, 
(201 0) ii ко neficiated to 40% to 42% Сг,О, after extraction 
ш latinum reserves are about 1.3 billion metric 
of PGM. ОО2 рашон. n Platinum (5196), Impala Platinum 
tons held by Anglo ч, ius Platinum Ltd. 

-n Platinum (20%), and Aquarius £ айпи 

(25%), Lonm и“ ted chromite ore production from UG2 
(4%). Aiken A ‘th 1.4 Mt in the building phase, and an 
tailings to be 3 MUYT Ik in 2012-13. Aquarius Platinum, GB 
additional 1.3 M a uth Africa operated a chromite tailings 
Mining, and Sylvan ED) adjacent to Aquarius’ Kroondal 
retreatment p ou Cr ати mine tailings were treated to 
(platinum) Mine where © < restarted production at its Everest 
recover platinum. Aquariu 


bec 
available to treat th 
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(platinum) Mine where it processed UG2 tailings in its Spiral 
Retreatment Plant (SRP). SRP chromite production capacity 
was 200,000 t/yr at a grade of 40% Cr. O, (Aquarius Platinum 
Ltd., 2010, p. 10, 25, 82). Lonmin Platinum planned chromite 
recovery from UG2 platinum tailings in a joint venture with 
Xstrata-Merafe and ChromTech (Metal Bulletin Daily, 2010d, 
p. 3). 

As result of the commodity boom that started circa 2004, 
AMCOL found the supply of wet bulk chromite it used to make 
foundry sand difficult to maintain, so it acquired controlling 
interest in Batlhako Mining Ltd. (Ruighoek Mine) in 2009 and 
acquired the remaining interest in 2010. AMCOL found that by 
carefully milling run-of-mine LG6 chromite ore followed by 
dry separation and classification, it could get 70% yield of a low 
silicate product with size range of 25 to 70 American Foundry 
Society (AFS) while reducing power and water use (Castanga 
and Howden, 2010). AMCOL International Corp. (United 
States) had purchased 5396 interest in the Ruighoek Chrome 
Project from Pacific Niugini Ltd. (formerly Chrome Corp. Ltd. 
(Australia)] in 2009. AMCOL purchased the remaining 4776 in 
2010. AMCOL reported that production of ferrous castings for 
automobile and industrial equipment in China and the United 
States, AMCOL’s two largest markets, rebounded in 2010. In 
2010, AMCOL started up a new chromite ore processing plant to 
produce foundry sand (AMCOL International Corp., 2011, | 
p. 4; Pacific Niugini Ltd., undated). AMCOL reported that basic 
to neutral pH, broad sieve distribution, high melting point, high 
thermal conductivity, low thermal expansion, and wetability 
resistance to molten steel were among the unique combination 
of chromite sand properties that produce a better surface 
finish and reduced the likelihood of casting defects (AMCOL, 
undated). 

Marico Chrome Corp., a 50-50 joint venture between 
Vereenging Refractories and Samancor Chrome SA, produced 
refractory and metallurgical chromite ore from the Marico 
chromite deposit of the Bushveld Complex at the rate of — 
40,000 t/yr from a run-of-mine reserve of 9 Mt, where Marico 
has been producing metallurgical- and refractory-grade 
chromite ore since 1956 from the LG6, MG, and UG2 ie 
Refractory-grade ore contained up to 49% Cr,O,, less than 1% 
silicon dioxide, and a chromium-to-iron ratio of 2:1. Refractory 
characteristics of chromite were identified as high melting 
temperature, moderate thermal expansion, neutral chemical 
behavior, and high corrosion resistance (McEwan, 2010; 
McEwan and others, 2011). 

Ruukki Group entered the chromium industry through = 

ЖЫР ; о ochromium 
acquisition of chromite ore mining resources and ferr | 
production facilities in South Africa [Mogale Alloys ee 
Ltd., a South African producer of ferrochromium and ot E 
ferroalloys] and Zimbabwe after Kermas Group became 15 
largest shareholder in 2008. Kermas Group, as of о 
2006, operated as a subsidiary of Kluchevsky Ferroatloy 
OAO and was based in the United Kingdom, manufacture 
ferrochromium and chromium chemicals in Russia; 
ferrochromium in Germany, and chromite ore їп Turkey | 

i acquired Chrome 
(Bloomberg Businessweek, undated). Ruukki acq 2 
Mining plc (United Kingdom), which produced chrom! - 
from the Stellite Mine and was developing the Mecklen 
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Mine in South Africa and held interest in Waylox Mining (Pvt) 
Ltd. in Zimbabwe (Ruukki Group plc, 2011, p. 4—5, 9—10). 
Ruukki planned to add two DC arc furnaces at Mogale Alloys 
that would double ferrochromium production capacity to 

280,000 tyr (Metal Bulletin Weekly, 2010c, p. 7). 

Tharisa Minerals (Pty.) Ltd. reported reserves of about 74 Mt 
of chromite ore and planned to produce at a rate of 5.5 Mt/yr 
from an open pit that would yield 1.6 Mt/yr of chromite ore 
concentrate. Tharisa reported that it would double chromite ore 
concentrate production to 0.42 Mt (Clark, 2008; 2009). 

$weden.—Sweden produced ferrochromium and stainless 
steel. Vargón Alloys AB, a Yildirim Group (Turkey) 
company, produced ferrochromium from a ferrochromium 
production capacity of about 220,000 t/yr. Vargon suspended 
ferochromium deliveries after heavy snowfall caused roof 
collapses at its production and warehouse facilities (Metal 
Bulletin Daily, 2010d, p. 1). 

Turkey.—Turkey produced chromite ore, chromium 
chemicals, and ferrochromium. Eti Krom Inc., a Yildirim 
Group company, produced chromite ore and high-carbon 
ferochromium. Eti Krom’s ferrochromium production capacity 
was 50,000 t/yr. Eti Krom planned to complete renovation of 
two furnaces that would add 100,000 t/yr to its production 
capacity (Eti Krom Inc., 2010). Harsh winter conditions and 
heavy snowfall in Turkey interrupted train service between 
Elazig, the location of Eti Krom's smelter and near to its 
chromite ore mines, and the ports of Iskenderun and Mersin, 
causing Eti Krom to declare force majure. 

Eti Elektrometalurji A.S. produced chromite ore and high- 
and low-carbon ferrochromium near Antalya from a production 
capacity of 13,000 t/yr low-carbon ferrochromium and 
10,000 t/yr high-carbon ferrochromium (Eti Elektrometalurji 
A$. undated). Türk Maadin Sirketi A.S. (TMS) [a subsidiary 
of Ruukki Group plc (Finland)] acquired Intermetal Madencilik 
ve Ticaret A.S. TMS produced 54,917 t of chromite in 2010 
compared with 25,774 t in 2009 (Ruukki Group plc, 2011, 

р. 12, 46). 

ign ve Tic. Ltd. Sti., Dedeman Madencilik 
fidis да) ; and Eti Krom Inc. were the leading 

S deii ucers with Eti Krom producing about 1 Mt/yr 
TN ба producing about 0.3 Mt/yr each (Metal-Pages, 
is subsidia C cs reported that it mined chromite ore via 
ient Ros er Mermer San. ve Tic. Ltd. Sti., which 

| „стотине ore from other producers. Cevikler 
mined chromite ore in the Pinarbasi District of i i 
(Çevikle i of Kayseri Province 

eviter Group, undated). Eti Krom reported that it operated 79 
mines, mostly in Elazig Province but also i dac 
Hatay, Kayseri, Malas aang ut also in Adana, Diyarbakir, 
probable НА кок рр ugla Provinces from proven plus 

Zimbabwe NUT Mi (Eti Krom Inc., undated). 
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ferrochromium from a capacity of 220,000 t/yr; Zimbabwe 
Alloys, 146,000 t/yr of high-carbon ferrochromium, 29,200 t/yr 
of ferrochromium-silicon, and 40,200 t/yr of low-carbon 
ferrochromium; and other producers, 55,000 t/yr of high-carbon 
ferrochromium, yielding a collective 490,000 t/yr of chromium 
ferroalloys. Planned expansions were expected to bring 
chromium ferroalloy production capacity to 588,000 t/yr in 
Zimbabwe. 

Zimasco (Private) Ltd., a vertically integrated ferrochromium 
producer co-owned by Sinosteel (China), China-Africa 
Development Fund (China), and ZCE Finance (SFV) 
(Mauritius), produced at Kwekwe from a high-carbon 
ferrochromium production capacity of 180,000 t/yr from six 
furnaces, one of which was not operational. Zimasco was 
supplied with chromite ore from its mines and other mines along 
the Great Dyke of Zimbabwe. Zimasco planned to increase its 
ferrochromium production capacity (Metal-Pages, 2010). 

Maranatha Ferrochrome (Private) Ltd. produced high-carbon 
ferrochromium at Eiffel Flats near Kadoma in Mashonaland 
West Province. RioZim Ltd. (a subsidiary of Rio Tinto) planned 
a joint venture with Maranatha to produce 30,000 t/yr of 
ferrochromium based on chromite holdings in the Darwendale 
area (Муш, 2010). RioZim Ltd. (2011, p. 12) explored for 
JORC compliant resources and planned to set up a chromite ore 
concentration operation. 


Outlook 


After the 2008 financial crisis that put the chromium industry 
into recession in 2009, 2010 was a year of recovery. World 
chromite ore, ferrochromium, and stainless steel production 
decreased from 2008 to 2009; and then increased from 2009 to 
2010 with 2010 production of ferrochromium and stainless steel 
exceeding that of 2008, leading to the expectation that chromite 
ore production would continue to increase. 

Agnello (2010) reported that foundry-grade chromite, which 
accounted for 3% of global chromite ore consumption, was 
used as core and molding sands, initially used in manganese 
steel casting, and has moved to the manufacture of alloy and 
carbon steel castings and nonferrous metal castings. Since 
1970, about 70% of foundry capacity in developed countries 
closed, resulting in a shift of casting to Southeast Asia and 
developing countries. Refractory-grade chromite is used 
more in shaped-refractory (8096) than in monolithic products. 
Magnesite-chromite refractories are preferred in nonferrous 
metallurgy (such as copper, lead, and zinc refining); however, 
the cement, lime, and glass industries have moved away from 
using magnesite-chromite bricks because of environmental 
considerations associated with the disposal of used refractories. 
About 850,000 t of sodium dichromate was produced in 
2008 from about 1.25 to 1.3 Mt of chromite ore. The sodium 
dichromate was converted to chromium oxide (34%), chromic 
acid (2996), chromium sulfate (2396), and other chemicals 
(14%). Agnello forecast of chromium sulfate production, 
which is used in leather manufacturing, to increase between 

1% and 1.5%; chromic acid, which is used in metal finishing 
and to preserve wood, to increase between 3% and 3.5%, and 
chromium oxides, which are used in alloy, ceramic, and pigment 
manufacture, to increase between 2% and 3%. 
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Historically, three events outside of the chromium industry 
(the dissolution of the Soviet Union, the economic growth of 
China, and the world financial crisis in 2008—09) have had 
significant impacts on the chromium industry, making industry 
analysts and company planners sensitive to the potential for 
such events. 
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TABLE ! 
SALIENT CHROMIUM STATISTICS! 


a eu e Е "Um UT 5 
World, production, contained chromium: и PRSE 7,030,000 * 7,390,000" 6,000,000 ' 7,290,000 
Сие do. 4,180,000" 4,790,000" 4,590,000 4,000,000" 4,960,000 
Ferrochromium (smelter) 45, 4,820,000 4,730,000 4,410,000 4,180,000 5,300,000 
Stainless steel" 
U.S. supply: | 
Components of U.S. supply, contained chromium: : _ E Е 
e mi о. -- -- 
a do. 179,000 162,000 146,000 141,000 144,000 
з | do. 53,800 46,400 64,300 23,000 43,900 
E а icals do. 12,100 10,600 18,000 10,600 5,120 
a um S do. 265,000 259,000 307,000 140,000 305,000 
us metal - do. 10,900 11,700 13,100 7,570 13,000 
м == 33,000 
Stainless steel mill products and scrap do. 179,000 158,000 157,000 91,800 133,0 
бош do. 375,000 253,000 $ 115,000 155,000 : 129,000 
Industry? do. 8,520 9,620 9,940 7,290 6,820 
А эы = 1,080,000 910,000 831,000 576,000 779,000 
Distribution of U.S. supply, contained chromium: 
Exports: 
7 
Chromite ore? do. 17,400 12,000 2,280 743 1,390 
Chromium chemicals do. 16,700 21,000 22,600 13,500 21,600 
Chromium ferroalloys and metal do. 22,300 27,000 11,300 2,900 4,850 
Stainless steel mil! products and scrap do. 156,000 231,000 250,000 263,000 246,000 
Stocks, December 31; 
Government do. 272,000 $ 115,000 105,000 ° 129,000 115,000 
аа ëo 
Industry? do. 9,620 9,940 7,290 6,820 ' 7,300 
Total do. 493,000 416,000 399,000 416,000 396,000 
а ООНА 
Production, reported, chromium ferroalloy and metal net production'? W W W W ш 
Consumption: 
EG e D ———————— 
Apparent, contained chromium do. 589,000 493,000 432,000 160,000 383,000 
о MM 
Reported: 
Chromite ore and concentrates, gross weight do. W W W W W 
— Chromium ferroatloys:!' 
Gross weight do. 429,000" 469,000" 427,000 383,0007 434,000 
Contained chromium do. 252,000' 275,000" 251,000 224,000' 248,000 
—Chroniun пе, goss weight 2 6,160 5,410 4,740 4,190 ' 4,540 
Stocks, = 31, gross weight: 
eee —— ——— — — ——— 1.160 zz == -- -- 
———mmumfmeloy 0-0” to 373,000 155,000 140,000 ? 175,000 154,000 
—  Ciromium metal 5.290 ' 4,970 4,820 4,670 4,670 
у 4. 
Ba $$$ W № wW W W 
..... Consumer: А lic MC 
— Chromium ferroatloys™ анны da. 15,500 16,300 11,700 11,400 11,500 
in E 2 M. eo E 220 221 235 160 284 
ther D cc E a a 006 r 
272 263 243 
ЕЗ average a annual; TES E O do. 231 216 
—_ Chromite Беа г 
ы dollars рег metric ton 119 244 346 159 208 
~ __Еестојуј s chromium content" dollars per pound 0.695 1.048 1.748 0.806 1.261 
—— — — ~ . Qollars per pound 
И chromium Metal, gross weight! do. 4.50 NA NA NA NA 
lermic chromiu 7 : 523 
See footnote at end of table. m metal, gross weight!” do. 2.94 3.66 5.30 4.08 3 
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TABLE 1—Continued 


SALIENT CHROMIUM STATISTICS! 


Value of trade:!® мы 2901 2008 2009 2010 
= тоша $121,000 $150,000 $149,000 $86,600 $131,000 
ET 50. $529,000 $699,000 $1,430,000 $444,000 — $1,010,000 
Е о. $408,000 $548,000 $1,280,000 $358,000 $883,000 
Production: 
Gross weight” metric tons 2,460,000 2,170,000 1,930,000 1,620,000 2,200,000 
Contained chromium" do. 419,000 360,000 324,000 276,000 383,00 
| Average grade, dimensionles? |00 0.1705 0.1656 0.1684 0.1 703 0.1738 
Shipments, gross weight" do. 1,890,000 1,700,000 1,380,000 1,200,000 1,510,000 
Exports, gross weight | do 410,000 476,000 471,000 414,000 508,000 
Imports, gross weight do. 872,000 809,000 783,000 416,000 585,000 
Scrap, gross weight: 
Receipts | до. 1,050,000 953,000 858,000 832,000 846,000 
Consumption do. 1,500,000 1,430,000 1,330,000 1,260,000 1,280,000 
Exports do. 506,000 882,000 1,000,000 1,130,000 937,000 
Imports do. 180,000 118,000 140,000 124,000 195,000 
Value of trade: 
Exports thousands $1,580,000 $2,110,000 $2,300,000 $1,450,000 52,120,000 
Imports do. $3,210,000 $4,300,000 $4,040,000 $1,710,000 $2,400,000 
Scrap exports do. $716,000 $1,620,000 $1,190,000 $777,000 $936,000 
Scrap imports do. $209,000 $198,000 $217,000 $138,000 $305,000 
Net ехрог 924 do. 81130000 -$770,000 -$773,000 5384000 5546000 
'Revised. do. Ditto. МА Not available. W Withheld to avoid disclosing company proprietary data. -- Zero. m 
граѓа are rounded to no more than three significant digits; may not add to totals shown. 
"Calculated assuming chromite ore to average 44% Сг,Оз, which is 68.42% chromium. 
3Calculated assuming chromium content of ferrochromium to average 57% chromium. 
*Calculated from American Iron and Steel Institute reported stainless steel production assuming chromium content of stainless steel to average 16.7% chromium. 
5Calculated assuming chromium content of stainless steel to average 17% chromium. 
trategic Materials (formerly Defense National Stockpile Center through 2006. 


SuSummary of Commodities" as reported by the Defense Logistics Agency, DLA 5 


"Inventory Material" as reporte 


"From January 1, 2009 to Decemb 
months) incompatible for the purp 
ks of chromium ferroal 


Sincludes consumer stoc : 
r 31, 2008, the DLA changed its high 


?From January 1, 2008 to Decembe 
for those months) incompatible for 


the accounting-change month. 


'O1ncludes chromium ferroalloys and 
chromite ore, and other chromium 


И Chromium ferroalloy, 
ferroalloys and metal. 


I2Producer stocks of chromium 
ІЗ Consumer stocks of high- and low 


of South African chromite ore t 
e U.S. price o 


ISTime-weighted averag 
U.S. price of domestically p 


léTime-weighted average 
U.S. price о 
te ore and chromium ferroalloys, 
e that imports are greater than exports. 


Source: American Iron and Steel Institute annual report of stainless 


21 Estimated mass-weighted average of the mean chromium content o 
of chromium chemical specification limits by stainless steel grade. 


ed mass-weighted average chromium co 
Iron and Steel Institute quarterly reports of stainless and hea 


n and Steel Institute annual report of stainless and heat- 


17 Annual average 
Ijncludes chromi 
I? Negative data indicat 


metal, and chemicals. 


2 Ratio of estimat 
Source: American 


23 Source: American [ro 


24 [ncludes stainless steel and stainless steel scrap. 
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d by DLA starting in 2007 except where noted otherwise. 


er 31, 2009, the DLA made an accounting adjustment to lo 
ose of computing stock change for that year. January stocks were estimated. 
loys and metal and other chromium-containing materials. 


-carbon and low-carbon ferrochromium stoc 
re estimated based on mon 


-carbon ferrochromium and ferrochromium-silicon. 


I^Time-weighted average price of South African chromite ore that contains 44% Cr;O; 
hat contains 44% Сг,Оз f.0.b. South Africa as reported by Ryan 


f imported high-carbon ferrochromium that contains 50% t 
roduced electrolytic chromium metal as reported by Ryan's Notes. 


the purpose of computing stock change for that year. December stocks we 


metal and other chromium materials in the United States. 
-containing materials excluding chromium metal. 


f imported aluminothermic chromium metal as reported by Ryan’s Notes. 
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and heat-resisting raw steel production and shipments. 
f stainless steel production by grade. Uncertainty is app 


ntent of stainless steel production by grade to production. Expressed as 
t-resisting raw steel production by grade. 


resisting raw steel shipments. 


ks accounting method making 
thly stock c 


Ғо.Һ. South Africa as reported in Ryan's Notes in 2006. 
's Notes after 2006. 
o 55% chromium as reported in Platts Metals Week. 


a fraction. 


w-carbon ferrochromium stocks making them (the stocks for those 


thern (the stocks 
hange excluding 


Annual average price 


roximately = 0.01, owing to the range 
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TABLE 2 


U.S. REPORTED CONSUMPTION AND STOCKS OF CHROMIUM PRODUCTS 


(Metric tons) 
: | 2009 2010 
С Gross Chromium Gross Chromium Change? 
weight content weight content Quantity Percentage 
Consumption by end use: 
Alloy uses: i 
ЕСІ 
ЕРТ 5,760 3,500 7,210 4,430 1,450 25 
High-strength low-alloysteel — 5.810 2,460 ' 2,800 1,840 -3,010 -52 
Stainless and heat-resisting steel — — 323,000 188,000 358,000 207,000 34,600 11 
- Full alloy steel | 13,400 8,180 ' 17,900 10,900 4,530 34 
Unspecified steel? 26,900 16,800 ' 27,800 17,400 821 3 
Superalloys 8,630 ' 6,820 ' 9,390 7,480 762 9 
.— Other alloys and uses! са 3,110" 2,000" 4,690 3,180 1,580 51 
= Total = 387,000 ' 228,000" — 428,000 252,000 40,800 11 
Consumption by 1 material: жалдық 
= Low-carbon ferrochromium = 27,400 ' 18,700 ' 32,000 21,900 4,540 17 
 High-carbonferrocromum о 323,000 192,000 364,000 215,000 40,400 13 
| Ferrochromium silicon he (5) (5) (5) W W W 
_ Chromium metal | 4,190 ' 4,180 ' 4,540 4,540 357 9 
Chromium-aluminum alloy | 355 219 371 256 16 4 
_ Other chromium materials - = | 31,700 ' 12,900" 27,100 10,700 -4,570 -14 
_ Total | _ 387,000 ' 228,000 ' 428,000 252,000 40,800 T 
Consumer stocks: 
_ Low-carbon ferrochromium 1,790 ' 1,220 € 1,810 1,240 19 | 
| High-carbon ferrochromium / 8,580 € 5,090 ' 9,210 5,450 634 7 
| Ferrochromium silicon a < W W W W W W 
_ Chromium metal | gu 149° 149 ' 284 283 135 9] 
_ Chromium-aluminum alloy 119 73 124 86 5 5 
_ Other chromium materials Ы bd 663 ' 280° 618 246 -45 -7 
. Tetal m 11,300" 6,820" 12,000 227,300: 749 7 
National Defense Stockpile stocks:9 7 
_ Chromium ferroalloys:* Fa 
. High-carbon ferrochromium —— 113,000 80,800 95,400 68,100 -17,700 -16 
Low-carbon ferrochromium 61,500 43,900 ' 59,000 42,200 -2,450 -4 
 romium metal’ 4,670 4,670 4,670 4,670 = 


Revised, W Withheld to 


| 
Data are rounded to no | 


1 nore than three significant digits; may not add to totals shown. 


ange based on gross weight 
includes electrical, tool, and u 
Includes cast irons, weld 
nickel, and other alloys. 
‘Withheld to avoi 
6 

The source for 
The DL 
T? hromi 


Chromi 


nspecified steel end uses. 


x disclosing company proprietary data; included in “Other chromium materials.” 
Stockpile information is the Defense Logistics Agency, DLA Strategic Materials. 


A data is 2. | 
| based on the “Total Uncommitted Inventory” of stockpile material D-1 report. 
m content estimated using 71.4% chromium. 


um conte i i i 
nt estimated using 100% chromium. 
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avoid disclosing company proprietary data; included in “Total.” -- Zero. 


quantity of unrounded data of current year compared with that of previous year. 


ing and alloy hard-facing rods and materials, wear- and corrosion-resistant alloys, and aluminum, copper, magnetic, 
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TABLE 3 
VALUE OF IMPORTS AND U.S. PRICE QUOTATIONS FOR CHROMIUM MATERIALS! 


2009 | | 2010 
Contained Gross B Contained Gross 
Material m chromium — — weight. chromium weight 
Value: Зе РИПЛИ 
_ Chromite or ore: HORE 
_ Мог more: than 40% chromic oxide | dollars per metric ton 2,030 344 XX XX 
More than 40% but less than 46% chromic oxide do. 1,980 621 537 168 
46% or more chromic oxide | do. 641 203 793 — 252 
| Average к | do. 762 227 64 20 
Ferrochromium: й | | | 
Not more than 0.5% с carbon | до. 4,490 3,040 4,630 3,180 
More than 0.5% but not more Шап 3% carbon 7 3,360 2,030 3,660 2,240 
Моге than 3% but t not more than 4% carbon носна do. 1,000 540 1,850 1,100 
| Average (not more than 4%) _ Е | до. | 4,230 | 2,800 4,540 23,090 
___ More than 4% carbon | | _ do. 1,540 844 2,290 1,320 
Average (all grades) | E do. 2,090 1,190 2,560 1,500 
| Chromium metal’ = | до. XX 9.900 XX 11,300 
Price? EE MEM Е 
Chromite o ore: MEME и | 
Е Turkey Е | ____ IS 
____36% to 38% CrO; 2. | de. 976 247 1,340 339 
___ 40% to 42% Cr, 0; | в 823 231 ' 1,270 357 
44% СО 2-2 m | | С de. 814 245 XX XX 
| _ South Africa 
39% CrO; "PONE 22700-77 Б; 578" 154 ' 777 208 
| 44%С0) ОИК До: 527 ' 159 ' 690 208 
 High-carbon ferrochromium: | | 
_ 49% to 51% chromium TIEN Cents per pound 80.90 XX 117 XX 
60% to 6596 chromium IEEE Е do. 81.60 ' XX 126 XX 
 Low-carbon ferrochromium: | кыс 
сс es as cs И до 235: ХХ 240 ХХ 
_ 0.10% carbon. | mE Е 46 207 ' XX 216 XX 
0.15% carbon | | | | do 190" XX 200 XX 
Chromium metal: | 
Imported, aluminothermic. MEM | | 5 | 7 do: XX 408 XX 523 


Revised, do. Ditto. XX Not applicable. mE С 
‘Data аге rounded to no more than three si 
"Mass-weighted average based on custom 
‘Reported by the U.S. Census Bureau. 
“Average for all grades. 

*Source: Ryan's Notes. 


ignificant digits; may not add to totals shown. 
$ value and weight of i Imported material. 
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TABLE 7 
WORLD PRODUCTION CAPACITY OF CHROMITE ORE, FERROCHROMIUM, 


CHROMIUM METAL, CHROMIUM CHEMICALS, AND STAINLESS STEEL IN 20107 ! 


(Thousand metric tons of contained chromium) 


Production capacity 
Stainless 


Country Ore Ferrochromium Metal Chemicals steel 
Afghanistan 2 


Albania 87 11 - E ze 
Argentina == ыз = 13 id 
Australia 78 55 as - uc 
Austria -- de as 22 10 
Belgium > о - ы = = 259 
Brazil 193 123 -- -- 84 
China 60 1,260 6 70 1,960 
Czech Republic -- 55 ER = 3 
Finland ^ gs 153 > = 222 
France -- Bt 7 Es 92 
Germany -- 17 | -- 293 


Greece (2) 22 d - 45 
Б. V————— 


India 1,170 567 (2) 31 330 
ы си ы ыш 2-2 2- 


Iran 81 5 -- 2 = 
Italy -- e = -- 310 
Ларап - 9 1 17 688 
Kazakhstan 1,150 719 2 37 == 
Korea, Republic of -- -- 389 
Kosovo 1 
Madagascar 40 
Oman 259 
Pakistan 97 
Philippines 14 
Poland -- 
Russia 291 372 16 31 31 
Slovenia = 18 
South Africa 3,270 1,880 
Spain -- - = = 212 
Sudan 17 
Sweden -- 71 
Taiwan m 

Turkey 568 42 
Ukraine 6. 
United Arab Emirates 10 
United Kingdom T 
United States 
Vietnam 3l 
Zimbabwe 215 


128 ER ші 

баланыс LL m. _ 

Ton) 7,820 5.360 40 282 5,940 
Data are rounded to no more than three signifi 
21 ее than 16 unit. 


cant digits; may not add to totals shown. 
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TABLE 8 
CHROMITE: WORLD PRODUCTION, BY COUNTRY ^? 


(Metric tons, gross weight) 


Country" 2006 2007 2008 2009 2010 
Afghanistan" 7,273 6,491 6,491 6,000 * 6,000 * 
Albania 212,581 199,771 207,104 288,759 ' 289,687 
Australia 258,087 253,400 224,809 119,314 -- 
Brazil" 562,739 627,772 664,347" 365,210" 370,000” 
China* 200,000 200,000 200,000 200,000 200,000 
Cuba 27,900 -! -! -! -- 
Finland 548,713 556,100 613,543 246,817 245,000 
Greece" 1,500 1,400 1,400 * 1,400 * 1,400 * 
India 3,600,400 3,320,000 3,900,000 3,760,000 3,800,000 
Iran 244,603 185,760 268,586" 255,129 250,000 * 
Kazakhstan 3,366,078 3,687,200 3,552,000! 3,544,000" 3,829,000 
Madagascar 132,335 122,260 84,000 60,000 * 105,000 
Oman 70,500 407,822 859,748 636,482 801,856 
Pakistan 199,000 323,100 320,000 * 90,000" 257,000 
Philippines 46,728 31,592 15,268 16000^* 16,000 ° 
Russia 966,065 776,681 913,000 416,194 400,000 * 
South Africa 7,418,326 9,646,958 9,682,640 7,560,938" 10,871,095 
Sudan 28,772 15,476 27,094 ' 14,087 ' 56,823 
Turkey 1,059,901 1,678,932 1,885,712 1,573,993 "© 1,700,000 € 
United Arab Emirates = 19,000 34,350 23,770 25,000 
Vietnam 73,037 103,830 55,880 37,105 37,000 * 
Zimbabwe 712,908 663,593 484,482 279,360 425,353 

Total 19,700,000 —— 22,800,000 "© 24,000,000 ' 19,500,000 © 23,700,000 


"Estimated. PPreliminary. "Revised. — Zero. 


1 А 
World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


"Table includes data available through August 22, 2011. 


| 
b igures for all countries represent marketable output unless otherwise noted. 
Gross weight estimated assuming an average grade of 44% chromic oxide (Сғ;Оҙ). 


‘Ore grade was 18% to 42% Cr,O,. 


6 "C 
Average chromic oxide (Cr)04) content was as follows: 2006—40.6%; 2007—40.3%; 2008—42.5%; 2009 —40.095; 


and 2010—40.0% (estimated). 
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TABLE 9 


FERROCHROMIUM: WORLD PRODUCTION, BY COUNTRY"? 


Country 
Albania 
Ва 02520250502 
Cha? о о о о о 
Finland 
Germany 
таб о о о о оо ооо 


Iran‘ 


вр о —— 
Казаки о 
Romania 

Russia* 

Slovakia 

South Africa? 

Sweden 

Turkey 

United States’ 

Zimbabwe 


Total 


(Metric tons, gross weight) 


2006 
17,040 
166,577 
1,000,000 
243,350 
26,710 
634,200 
7,000 
13,056 
1,190,673 
600,000 
19 
3,030,000 
136,374 
67,975 
W 
200,673 


7,330,000 ' 
*Estimated. "Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data; not included in “Total.” -- Zero. 
lWorld totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


Table includes data available through August 22, 2011. 


Includes high- and low-carbon ferrochromium. 
‘Reported on a fiscal year basis, which is from April 1 to March 31. Includes ferrochrome and charge chrome. 


‘Reported figure. 


$Includes high- and low-carbon ferrochromium and ferrochromium-silicon. 


2007 
195,890 
1,300,000 
241,760 
22,030 
820,000 
8,000 
12,016 
1,307,536 


570,000 


3,551,983 " 


124,403 
69,730 
W 


187,327 ' 
8,410,000 ' 


2008 2009 
11,916 7,556 
194,324 ' 131,048 ' 
1,500,000 1,810,000 ' 
233,550 123,310 
26,960 13,667 
750,000 873,385" 
8,000 8,000 
13,888 7,698 ' 
1,220,315 1,173,286 ' 
W W 
490,000 378,000 ° 
3,268,659" 2,346,131" 
117.053 31,345 
79,840 ' 41,028 
W W 
145,430 ' 72,223 ' 
8,060,000 7,020,000 ' 


2010 


8,000 * 
170,000 " 


2,000,000 
125,000 


20,000 * 


850,000 
8,000 
16,208 


1,250,000 * 


W 
414,000 
3,607,132 
36,000 


60,000 * 


W 
150,000 


8,710,000 


"Includes chromium metal, high- and low-carbon ferrochromium, ferrochromium-silicon, and other chromium materials 
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CLAY AND SHALE 
By Robert L. Virta 


Domestic survey data and tables were prepared by Robin C. Kaiser, statistical assistant, and the world production tables 


were prepared by Lisa D. Miller, international data coordinator. 


The amount of clay sold or used by domestic producers in 
2010 increased by 4% to 25.4 million metric tons (Mt) valued 
at $1.46 billion compared with 24.5 Mt valued at $1.33 billion 
in 2009 (table 1). Common clay and shale accounted for 47% of 
the tonnage, and kaolin accounted for 54% of the value (tables 
1, 5, and 8). In 2010, exports increased by 14% to 4.36 Mt 
valued at $862 million compared with 3.83 Mt valued at $702 
million in 2009. Imports of clays were 284,000 metric tons (t) 
valued at $92 million in 2010 compared with 325,000 t valued 
at $104 million in 2009 (table 1). World production of bentonite 
was 10.7 Mt, production of fuller's earth was 3.36 Mt, and 
production of kaolin was 33.2 Mt. 
About 170 companies mined clay and shale in the United 
States in 2010. The 20 leading companies, many with multiple 
operations, accounted for 55% of the tonnage and 74% of the 
value for all types of clay produced and sold or used. Clay 
production was reported in all States except Alaska, Delaware, 
Hawaii, Idaho, New Hampshire, Rhode Island, Vermont, and 
Wisconsin (table 2). Companies that mined clay for construction 
Ш and landfill caps and did not operate mills or plants were not 
included in the U.S. Geological Survey (USGS) canvass of the 
clay and shale industry. These companies operated in most, if 
not all, States, 
The 10 leading producer States were, in decreasing order 
Же ma тя 
The 10 ipio, 5 ‚ Tennessee, irginia, and Mississippi. 
ul ми ч companies were, in alphabetical | 
Ше on А E ч е; E (bentonite); BASF SE (bentonite, 
lic Mus ees x entonite Performance Minerals 
Sal Produci д ack Hills Bentonite Co. (bentonite); General 
ia Nis ee ee clay and shale); Imerys SA (ball 
America (Se bar e (fuller's earth); Oil-Dri Corp. of 
td dale) and Wa | D e Industries Inc. (common clay 
Most clay minin Ба огр. (ball clay and kaolin). 
| 8 In the United States was by open pit 
Methods: less than 196 of U.S cla i 
underground mines, Most | d erba om 
where the clave у, - underground production was in Ohio, 
Damani ys were mainly underclays associated with coal 
OMestic production data for clays were d | 
ба уб е eveloped by the 
to the sury ary Survey of U.S. operations. Responses 
"vey and Company production d i 
sources accounted for approxi ы; ы available from other 
“ale tonnage sold or ii кишу 50 /о of the total clay and 
data for the ео quantity listed in table 1. Production 
survey data or Sp nts were estimated from preliminary 
prior-year production levels adjusted by 


trends in the ; 
€ In 
dustry, employment hours, and other guidelines 
Ball clay | 


Р 'oductio 
n.—]n 20) 3 
lates, Pro dido 10, four companies mined ball clay in four 


о " 
dis domestic ball clay increased by 1094 to 
AND SHALE 2010 


пвь_ || 


912,000 t valued at $41.3 million compared with 831,000 t 
valued at $37.7 million in 2009 (table 3). Operations in 
Tennessee supplied 6396 of the production, followed by, in 
descending order of tonnage, Texas, Mississippi, and Kentucky. 
One producer reported a small amount of production in Indiana, 
but this probably was fire clay rather than ball clay. 

Consumption.—Consumption of ball clay increased in 2010. 
The principal domestic markets were, in decreasing order by 
tonnage, ceramic floor and wall tile and sanitaryware. Ball 
clay also was sold to manufacture bricks, fiberglass, refractory 
products, and other types of ceramics and as fillers, extenders, 
and binders (table 3). Sales for fiberglass and some filler and 
extender applications were likely to have been kaolin mined or 
purchased by the ball clay producers. 

Although the reported tonnage of ball clay under the floor 
and wall tile category declined in 2010, most of the difference 
between 2010 and 2009 probably can be accounted for under the 
miscellaneous category. With housing starts in the United States 
increasing slightly in 2010 compared with those of 2009, sales 
of ball clay for floor and wall tile were likely to have increased 
slightly to about 320,000 t. 

Domestic sales of ball clay can be affected by imports of 
products such as ceramics and sanitaryware because they 
compete with ball clay-based ceramic products manufactured 
in the United States. The U.S. International Trade Commission 
(undated) reported that imports of ceramic tile under 
Harmonized Tariff Schedule (HTS) of the United States Codes 
6907.10.00, 6908.10.10, 6908.10.20, and 6908.10.50 increased 
in quantity to 7.10 million square meters valued at $68.4 million 
in 2010 from 6.95 million square meters valued at $68.6 million 
in 2009 but was still much less than the 10.8 million square 
meters imported in 2008. Mexico, China, Italy, Brazil, and Spain 
were the five leading sources of tile imports, with 24%, 17%, 
12%, 9%, and 6% of the import volume, respectively. Imports 
of sanitaryware under the 4-digit HTS Code 6910 increased to 
24.4 million units in 2010 from 21.8 million units in 2009. This 
was still considerably less than 34 million units imported in 
2008. China accounted for 11.6 million units or 4896 of the U.S. 
sanitaryware imports in 2010, and Mexico accounted for 
9.06 million units or 37% of the imports. 

Imerys, the leading ball clay producer in the United States, 
had only a small increase in global sales of minerals for 
ceramics applications in 2010. This was attributed to low growth 
in construction markets in developed countries (Imerys SA, 
2011, p. 7). 

Prices.—The average unit value for ball clay reported by 
domestic producers was $45.26 per metric ton. The average 
value for exported ball clay was $67.40 per ton. The average 
value for imported ball clay was $138.00 per ton. 


Trade. —Ball clay exports were 45,000 t valued at $3.03 
million in 2010 compared with 35,000 t valued at $2.43 million 
in 2009, according to the U.S. Census Bureau (table 14). 
Producers reported exports of 191,000 t (table 3). Most of 
the difference in exports reported by producers and the U.S. 
Census Bureau involves shipments to Mexico, whose trade 
statistics suggest that their kaolin import data included most 
of the imports of ball clay from the United States under the 
Harmonized Tariff Standard code for kaolin and other kaolinic 
clays. The water weight of slurry shipments (about 3096 to 35% 
of the shipment weight) also may account for a portion of the 
extra tonnage reported by producers (table 15). 

Outlook.—The U.S. economy began to recover from the 
2008-09 recession but commercial and residential construction 
activity continued to remain low. Overall construction spending 
for residential and commercial buildings remained stagnant, 
and other private residential housing statistics, such as housing 
completions, units authorized but not yet started, and units 
under construction, suggest that residential construction still 
is suffering from the effects of the recession with only a very 
slow recovery (U.S. Census Bureau, 2011a, d, e, g, undated). 
Mortgage foreclosures, tight credit, proposed new lending laws, 
and continued uncertainty in U.S. debt issues contributed to the 
slow recovery of the commercial and residential construction 
industry. 

Because most sales of ball clay were for the manufacture 
of floor and wall tile, sanitaryware, and other construction- 
related ceramics, future growth in ball clay sales are likely to 
be slow for the next 2 years. Despite the slow recovery of the 
U.S. economy, it still may be sufficient for ball clay production 
les to increase slightly in 2011 compared with those 
of 2010. Growth in global construction markets also is likely 
to be slow as many world economies, particularly those in 
Europe, continue to struggle to recover from the recession. The 
exceptions are construction markets in Asia and some din Р 
South America, which were less affected by the 2008-09 g | а 
recession. Ball clay exports, mainly to Canadian and . 
American ceramics producers, may increase slightly in 


and sa 


Bentonite 
i duced bentonite 
tion.—In 2010, 20 companies produce 
i neut About 4.63 Mt valued at $261 million was sold 
: di 2010 27% more than the 3.65 Mt valued at $207 
сао | r used in 2009 (table 4). Production 


pis ite sold o 
million of в. increased by 6% to 123,000 t valued at 


of — 2010 from 116,000 t valued at 38. 14 million in 

$9.32 H 5 led in the production of nonswelling bentonite, 

ти in descending order of tonnage, МИНА 
OHO : 


‘fornia, and Nevada. 
Arizona, a E bentonite was 4.51 Mt valued at 


Production + 2010, ап increase of 2896 from 3.53 Mt valued 
$252 dp nn in 2009. Wyoming led in the production 
at $198 mi | в у Utah, Montana, Texas, 
ag be | 
| | qm Nevada, ar 
an RARUS 09. The plant had a production 


‘shed in 20 
WY, after weg са tons per year (t/yr) and served such 


желіде cat litter, drilling mud, and foundry sand. 
marke 


18.2 


The plant also had the capability to produce bentonite for iron 
ore pelletizing (Russell, 2010). 

Black Hills Bentonite, LLC submitted plans to the U.S. 
Bureau of Land Management (BLM) to mine bentonite near Ten 
Sleep, WY. The company planned to extract about 72,900 t 
of bentonite during the 10-year life of the mine. A mine plan 
and environmental assessment were available from the BLM for 
review (U.S. Bureau of Land Management, 2009; 2010). 

Consumption.—In 2010, domestic sales and use of bentonite 
increased from that of 2009. Reported domestic sales of 
bentonite were 1.02 Mt for drilling mud (all swelling bentonite), 
423,000 t for foundry sand bond (more than 99% was swelling 
bentonite), 595,000 t for pelletizing iron ore (all swelling 
bentonite), and 967,000 t for pet waste absorbent (all swelling 
bentonite). Bentonite also was sold for civil engineering and 
sealing; fillers, extenders, and binders; waterproofing and 
sealing; and a variety of other applications (table 4). 

Domestic sales of bentonite increased for pet litter, drilling 
mud, pelletizing iron ore, waterproofing and sealing, and 
miscellaneous uses. Domestic sales of bentonite for drilling 
mud use increased by 74%, and export sales increased by 52% 
(table 4). Drilling activity increased domestically and overseas 
in 2010 compared with 2009 (Baker Hughes Inc., undated). 
Sales reported in table 4, however, appeared to be unusually 
high for 2010, and it is likely that some of the sales were 
improperly categorized by respondents and that sales increased 
by 20% to 30% to about 750,000 t. Sales of bentonite for iron 
ore pelletizing increased by 34% in 2010. This corresponds 
with a reported 87% increase in iron ore production and a 65% 
increase in iron ore shipments in 2010 (Jorgenson, 20115). 
Reported domestic sales for foundry sand bond applicattons 
decreased by 596 domestically, and sales for export decreased by 
37%. This was contrary to a report on market conditions from a 
major supplier of bentonite, which indicated that sales for metal 
casting applications increased significantly in 2010 (AMCOL 
International Corp., 2011, p. 30). Some of the tonnage attributed 
to drilling mud and the “Miscellaneous” (domestic) category 
likely should have been attributed to foundry sand bond 
sales, with domestic sales of bentonite for foundry sand bond 
estimated to be 520,000 to 540,000 t, and export sales estimated 
to be 225,000 to 250,000 t. -— 

The leading markets shown in table 4 are representative о | 
those of swelling bentonite, which accounted for 97% of tota 
bentonite sales. The leading uses of nonswelling bentonite were 
in foundry sand and water treatment and filtering. 

For smaller markets, swelling bentonite accounted for more 
than 9596 of the bentonite sold for adhesives; animal feed; | 

ifvi 171 imal, mineral, and vegetable oils 
clarifying and decolorizing animai, E. fertilizerS 
and greases; cosmetics, medical, and pharmaceutical; а 
miscellaneous ceramics; miscellaneous fillers and extende x 
and grease absorbents; paint; and plastics. Swelling benton 
accounted for less than 50% of sales for water С 
filtering. Nonswelling bentonite accounted for а jui 
chemical manufacturing and fertilizer and postici xps Mtof 

In 2010, American Colloid Co. reported sales а rae pu 
sodium bentonite and 81,700 t of calcium Mp ENDE 
in the United States compared with 1.25 Mt of sodiu 
and 60,900 t of calcium bentonite in 2009. The company 
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reported a 46% increase in sales revenue for metal casting 
applications, its leading revenue market. Sales revenue for its 
офег markets, with the exception of pet litter, also increased; 
sales revenue for pet litter declined 7% (AMCOL International, 
2011, p. 11, 30). 

Rockwood Holdings, Inc. (the parent company of Southern 
Clay Products, Inc.) reported increased sales in most 
clay-additive markets, particularly for oilfield applications. 
Pricing for clay additives also increased in 2010 (Rockwood 
Holdings, Inc., 2011, p. 38, 44). 

Prices, —The average unit value reported by domestic 
producers for nonswelling bentonite was $75.79 per metric ton. 
The average value for swelling bentonite was $55.88 per ton. 
The average value for all bentonite was $56.40 per ton. The 
average value of exported bentonite was $149.85 per ton. The 
average value of imported bentonite was $292.06 per ton. 

The price of bentonite that was sold in bulk, crude form in 
railcars for iron ore pelletizing from the mill in Wyoming was 
$48 to $55 per ton; foundry-grade that was bagged and shipped 
in railcars was $90 to $115 per ton; and American Petroleum 
Institute (AP])-grade bentonite that was bagged and shipped in 
railcars was $70 to $100 per ton. Crushed, dried, loose in bulk 
bentonite from India was $45 to $50 per ton for pet litter grade. 
Crude and dried bentonite, sold in bulk, free on board, European 
port, was $56 to $80 per ton for foundry grade (Industrial 
Minerals, 2010). 

The average annual producer price index (PPI) for bentonite 
under North American Industry Classification System (NAICS) 
code 212325С was 157.8 in 2010 (1984=100) compared with 
[55.3 in 2009. The PPI increased during the year from 154.7 in 
February to 161.8 in December. The PPI measured the average 
{ыл Ше selling prices charged by domestic producers of 

ite over time (U.S. Bureau of Labor Statistics, undated). 
1. exports increased to 953,000 t valued at 
m е я 2. from 709 Mt valued at $100 million in 
27. a anada and Japan accounted for the largest 
ced tothe crease ш exports, Most of the increase was 
Е oe economies with increased demand for 
(ш Т. foundry, and oil drilling industries. 
Е. 52. 2. countries were relatively minor. 
lable 4). Much gs = ducers reported exports of 817,000 t 
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prior to the recession. Demand for bentonite increased in most 
markets as global economies began to recover. Overall bentonite 
sales may increase by 6% to 9% in 2011 because of growth ІП а 
few of the major markets for bentonite. 

Growth in absorbent markets, particularly pet waste 
absorbents, slowed significantly in recent years. Overall sales 
for pet waste absorbents declined slightly during the past 2 years 
because of reduced consumer spending during the recession. 
With little significant change in consumer spending anticipated 
in 2011, pet litter markets may remain unchanged. Sales of 
bentonite for oil absorbent applications were likely to increase 
by 396 to 6% in 2011 compared with those of 2010 because of 
increased U.S. industrial output in the manufacturing sector 
(Board of Governors of the Federal Reserve System, 2011). 

Sales of bentonite for drilling mud applications may increase 
slightly in 2011 compared with those of 2010 because of 
increased drilling activity in 2011. Sales of bentonite also 
were tied to the iron and steel industries because of its use for 
pelletizing iron ore and as a foundry sand bond. Production 
of iron ore increased in 2010 but declined slightly in the first 
5 months of 2011 (Jorgenson, 20112). Demand for iron ore, 
however, is likely to increase in 2011 as global economies 
recover, so sales of bentonite for pelletizing iron ore may 
increase slightly in 2011. 

The world foundry industry also began to recover from 
market losses in 2008 and 2009 (Roberts, 2010: S&B Industrial 
Minerals S.A., 2011, p. 8). Manufacturing of durable goods 
increased in 2011 compared with 2010 (Board of Governors 
of the Federal Reserve System, 2011). Consequently, sales of 
bentonite for foundry sand bond applications may increase 
slightly in 2011. 

Sales of bentonite for civil engineering applications, such 
as waterproofing and sealing and landfill caps and liners, were 
affected by reduced construction activity during the recession. 
In the United States in 2010, construction activity continued to 
be relatively low compared with that of 2008. Sales of bentonite 
for waterproofing and sealing are likely to increase slightly in 
2011. Other smaller markets for bentonite may increase slightly 
in 2011 as the U.S. economy slowly improves. 


Common Clay and Shale 


Production.—In 2010, 133 companies produced common 
clay and shale for manufacturing products in 38 States and 
Puerto Rico. Companies that mined clay for construction fill 
and landfill caps and did not operate mills or plants were not 
included in the USGS canvass of the clay and shale industry. 
These companies operated in most, if not all, States. 

Domestic sales or use of common clay and shale decreased by 
396 to 12.1 Mt valued at $148 million in 2010 compared with 
12.5 Mt valued at $156 million in 2009 (table 5). The 10 leading 
producing States were, in descending order of tonnage, Texas, 
Alabama, North Carolina, Ohio, Georgia, New York, Oklahoma, 
Arkansas, Virginia, and Missouri. These 10 States accounted for 
6696 of U.S. common clay and shale production. Sales declined 
in many States owing to low residential and commercial 
building activity in 2010. 
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Boral USA purchased the remaining 50% interest in 
MonierLifetile LLC, a division of Monier Group of Germany. 
MonierLifetile was based in Irving, CA, and produced clay and 
concrete roofing tile for residential and commercial use. Boral 
combined its roofing division with that of MonierLifetile under 
a new Boral Roofing division. The purchase gave Boral better 
access to the U.S. roofing market with 15 tile plants throughout 
the United States (Boral USA, 2010). 

Mid America Brick received $21.9 million in financing to 
open a former refractory brick plant to manufacture face brick. 
The former plant was owned by A.P. Green Inc. and had been 
idled since 2002. The plant was expected to produce 60 million 
bricks per year at full capacity (Advantage Capital Partners, 
2010; Mid America Brick, 2010). 

Consumption.—Brick manufacture remained the leading 
market for common clay and shale, followed by, in descending 
order of tonnage, lightweight aggregate and portland cement. 
These three markets accounted for 9196 of sales in 2010. 
Lightweight aggregate sales were subdivided into concrete 
block (1.34 Mt), structural concrete (701,000 t), highway 
surfacing (561,000 t), and miscellaneous lightweight aggregates 
(266,000 t). Other markets included civil engineering, ceramic 
floor and wall tile, miscellaneous ceramics, heavy-clay 
(nonbrick) products, and refractory products (table 5). 

Production of brick was 3.61 billion bricks in 2010 compared 
with 3.28 billion bricks in 2009, and brick shipments were 
3.50 billion bricks in 2010 compared with 3.59 billion bricks 
in 2009. Production of clay floor and wall tile, which is an 
important market for common clay and shale, was 66.1 million 
square meters in 2010 compared with 55.4 million square 
meters in 2009. Shipments were 60.3 million square meters 
in 2010 compared with 53.1 million square meters in 2009. 
Production of clay pipe and fittings was 43,100 t in 2010 
0 t in 2009, and shipments were 48,000 t 
in 2010 compared with 45,500 t in 2009 (U.S. Census Bureau, 
2011b, undated). The increase in shipments of tile and clay | 

ipe and fittings corresponded with a slight increase in housing 
starts (588,000 units in 2010 compared with 554,000 units in 
2009) although commercial construction, based on the value 
of construction put in place, appeared to have declined ($563 
trillion in 2010 compared 5” trillion in 2009) (U.S. 
undated). 
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Outlook.—Common clay and shale continued to be affected 
by the sluggish U.S. economy in 2010. Although housing starts 
increased slightly through mid-2011, overall construction 
spending for residential and commercial buildings remained 
stagnant. Other private residential housing statistics, such as 
housing completions and units under construction, also suggest 
that residential construction still was feeling the effects of 
the recession (U.S. Census Bureau, 2011а, d, e, g, undated). 
Mortgage foreclosures, tight credit, proposed new lending laws, 
and continued uncertainty in U.S. debt issues contributed to the 
slow recovery of the commercial and residential construction 
industry. These issues are likely to constrain the sales of 
common clay, with only slight growth expected in 2011. 


Fire clay 


Production.—Fire clay producers were mostly refractory 
product manufacturers that used the clays in firebrick and 
various heavy-clay products. In 2010, six firms mined fire clay 
in four States. Fire clay mined by domestic producers decreased 
by 32% to 216,000 t valued at $6.12 million from 320,000 t 
valued at $12 million in 2009 (table 6). Missouri was the leading 
producing State, followed by, in descending order of tonnage, 
Washington, Texas, and Ohio. The decrease in production took 
place because several common clay producers that occasionally 
mine fire clay indicated that they did not do so in 2010. 

Consumption.— Consumption of fire clay decreased іп 2010. 
Leading markets for fire clay were, in descending order of — 
tonnage, portland cement, refractory calcines and grogs, ceramic 
floor and wall tile, firebrick, common brick, miscellaneous 
ceramics, and roofing granules (table 6). | 

Fire clay products sold included grogs and calcines; 
high-alumina brick and specialties; ramming and gunning 
mixes; refractory products, such as firebrick and block; mixes 
and mortars; and saggers. Fire clays also were used to produce 
such items as brick and pottery. Sales for these nonrefractory 
products decreased because several common clay and shale 
producers indicated that they did not mine fire clay in 2010. 

The U.S. Census Bureau (2011f) reported that the value of 
U.S. manufacturers’ shipments of clay refractory products | 
(based primarily оп fire clay and kaolin) was $818 qui. 
2010 compared with $638 million in 2009. The value of U. | 
apparent consumption (manufacturers shipments plus wed 
minus exports) of all clay refractory products was $77 ep 
in 2010 versus $596 million in 2009. In 2010, shipments 0 | 
fire clay, high-alumina, and insulating brick shapes ІП dum 
equivalents, were 312,000 t compared with 258,000 Р | ; 
Shipments of castables, gunning mixes, and unshaped c | И 
refractory bonding mortars were 386,000 t in 201 0 рт 
with 321,000 t in 2009. Shipments of clay and high alum! 
refractory materials for reprocessing and direct sales Bis 
withheld by the Census Bureau in 2010 to avoid disclo 
company proprietary data. 
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№ Trade —Exports of fire clay and refractory-grade kaolin 

lij appear to have been combined under the same HTS code іп 

Ш recent years. At least 43%, and possibly more, of the exports 

tà. reported by the U.S. Census Bureau under the HTS code for 

зі fire clay was thought to be refractory-grade kaolin rather than 
№ fire clay based on the locations of ports from which the material 
№ was exported. In 2010, exports of fire clay and refractory-grade 
li kaolin increased to 404,000 t valued at $61.5 million compared 
& with 328,000 t valued at $42.8 million in 2009 (table 14). An 
increase in exports to Luxembourg, a major distribution center 
а for European shipments, accounted for the largest share of the 

Í US. export increase. In 2010, imports were 299 t valued at 

| $179,000 (table 15). 

Outlook.—Sales of fire clay for refractory uses were expected 
to increase in 2011. The Federal Reserve indicated that 
industrial output increased in 2010 with the increase continuing 
| into 2011 (Board of Governors of the Federal Reserve System, 
„ 201), Major users of refractory products such as the aluminum, 
- glass, iron, lime, and steel industries increased production in 
2010 and 2011, suggesting an increased demand for refractory 
products for their furnaces. Sales of fire clay for refractory 
applications may increase slightly in 2011. 

Sales of fire clay for construction-related products, such as 
brick cement, lightweight aggregate, and tile, face the same 
issues as common clay and shale, a dependence on growth : 
in the private housing and commercial construction sectors 
to support growth in heavy-clay markets. Sales of fire clay 
| for these applications have been erratic in recent years, with 

producers of common clay venturing into and out of fire clay 
mining depending on their needs. Fire clay sales for heavy-clay 


products may increase slightly in 2011 compared with those of 
2010 if construction activity increases. 
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Consumption.—Consumption of fuller’s earth (excluding 
attapulgite-type fuller’s earth) increased slightly in 2010. Pet 
waste absorbent was the leading market for fuller’s earth, 
followed by oil and grease absorbents; civil engineering 
applications; clarifying, decolorizing, and filtering of animal, 
mineral, and vegetable oils and greases; fertilizer carriers; 
animal feed; unknown filler and extender uses; pesticide 
carriers; miscellaneous ceramics; paint; and water treatment 
(table 7). These markets were representative of those of 
montmorillonite-type fuller’s earth, which accounted for most 
of the total fuller’s earth sales. The leading use of attapulgite- 
type fuller’s earth was in fillers, extenders, and binders. 

Fillers and extenders included, in decreasing order of tonnage, 
unknown filler and extender uses; pesticide carrier; paint; 
adhesives; animal feed; fertilizer carrier; and cosmetic, medical, 
and pharmaceutical applications. Fillers and extenders were 
followed by drilling mud; clarifying, decolorizing, and filtering 
of animal, mineral, and vegetable oils and greases; and oil and 
grease absorbents. Montmorillonite grades dominated sales to 
most fuller’s earth markets but attapulgite accounted for most 
of the sales of fuller’s earth, in decreasing order of tonnage, for 
adhesives; drilling mud; cosmetic, medical, and pharmaceutical 
applications; and paint. Table 7 indicates that sales of fuller’s 
earth for pet waste absorbent increased by 14% to 1.38 million 
tons in 2010. That probably was an overestimate based on 
declining sales for pet waste absorbent from 2005 to 2009. 
From 80,000 to 110,000 t of pet waste absorbent sales may 
have been for oil absorbent use, based on increased industrial 
manufacturing activity in 2010. 

Oil-Dri Corp. of America reported a 2% increase in value of 
its sales by its Business-to-Business Group (sales to companies 
that further process Oil-Dri’s products) but a 4% decrease in 
tonnage sold for its fiscal year ending July 31. Sales in that 
group increased for fluid purification and animal health and 
nutrition and decreased for pet litter and agricultural chemical 
carriers; export sales also increased. Sales by Oil-Dri’s Retail 
and Wholesale Products Group declined by 12% in value and 
9% in tonnage. Cat litter accounted for most of the decline with 
additional slight decreases in the oil absorbent markets (Oil-Dri 
Corp. of America, 201 1a, p. 28-29). 

Prices.—The average unit value of attapulgite-type fuller's 
earth was withheld to avoid disclosing company proprietary 
data but the value was unchanged from that of 2009. The 
average value of montmorillonite-type fuller's earth was $98.35 
per metric ton, a decrease from $102.71 per ton in 2009. The 
average value declined by 4% in 2010 mainly because one large 
producer reported a significantly lower unit value. Average 
values for other producers increased. The average value of 
exported fuller's earth was $353.56 per ton. The average value 
of imported fuller's earth was $80 per ton. 

Тғаае.--Іп 2010, exports increased to 100,000 t valued at 
$35.4 million compared with 90,000 t valued at $28.5 million in 
2009 (table 14). Imports of decolorizing earth and fuller's earth 
were 2,000 t valued at $160,900 in 2010 (table 15). 

Outlook.—Pet waste absorbent is the leading market for 
fuller's earth. In early 2011, Oil-Dri indicated that its sales of 
fuller's earth for cat litter applications decreased in tonnage 
(Oil-Dri Corp. of America, 2011b, p. 17-18). Because Oil-Dri 
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was the leading U.S. provider of fuller's earth for cat litter, it 
1$ likely that overall U.S. sales for this application may remain 
unchanged or decrease slightly in 2011. 

The second leading market for fuller's earth is in oil and 
grease absorbents. These sales are tied to industrial output 
where increased heavy manufacturing and machining results 
in increased use of oil and grease absorbents. In early 2011, 
industrial output increased slightly (Board of Governors of the 
Federal Reserve System, 2011). This suggests that 2011 sales 
of fuller's earth for oil and grease absorbent applications may 
increase slightly compared with those of 2010. 

According to Oil-Dri, sales as carriers and suspension agents 
in fertilizers and pesticides used for agriculture and lawn and 
garden products increased from mid-2010 to mid-2011 (Oil-Dri 
Corp. of America, 2011b, p. 17-18). This suggests that overall 
U.S. sales for this application may increase slightly in 2011. 

Other uses for fuller's earth are relatively small in volume. 
Sales for clarifying, decolorizing, and filtering of animal, 
mineral, and vegetable oils and greases are dependent on the 
quality of the oil source, and sales tend to vary yearly rather 
than follow economic trends. Sales increased in 2010 and 
appeared to be doing the same in early 2011. Consequently, 
sales for fluid purification may increase slightly in 2011. 
Attapulgite-type fuller's earth was sold for construction-related 
filler and extender applications, such as in adhesives, asphalt 
emulsions, caulks, joint compounds, paint, and roof coatings. 
Because sales of these products are constrained by the slow 
housing markets, sales of attapulgite-type fuller’s earth for 
construction-related products may increase only slightly in 
2011. Sales for drilling mud applications may Increase slightly 
in 2011 compared with those of 2010, based on global oil 


drilling activity. 
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calcined (high- and low-temperature calcined kaolin), 
984,000 t was delaminated, and 621,000 t was airfloat in 2010 
(table 9). Production in South Carolina increased by 1096 
to 158,000 t valued at $10.5 million in 2010 compared with 
144,000 t valued at $8.59 million in 2009 (table 10). 
High-temperature calcined kaolin production increased because. 
of increased demand from the refractory industry, and sales of 
delaminated and low-temperature calcined kaolin increased 
because of increased demand from the paper industry. 
Imerys, one of the leading U.S. kaolin producers, indicated 
that global sales in most markets declined in 2010, although 
sales to paper applications increased by 6% globally as the 
printing and writing paper markets began to recover from 


the 2008—09 economic recession. Worldwide sales of kaolin 


for manufacturing, including adhesives, paint, plastics, and 
refractory products, increased in 2010. Construction markets in 
the United States remained flat while those in Europe increased 
(Imerys SA, 2011, p. 7-9). 

Drilling activity in 2009-10 in Applied Minerals, Inc.'s 
Dragon Pit Mine, in the Tintic District of north-central Utah, 
indicated that resources totaled 552,000 t of halloysitic clay, 
averaging 6596 halloysite, 18% kaolinite, and 10.6% illite 
and smectite. Some areas of the deposit contained up to 100% 
halloysite (Applied Minerals Inc., 2011). 

Consumption.—Consumption of kaolin increased in 2010 
from that of 2009 (table 8). The major domestic markets for 
kaolin were, in descending order of tonnage, paper coating 
and filling, refractory products, fiberglass and mineral wool, 
paint, catalyst manufacture, rubber, and heavy-clay products 
(brick and portland cement). Other smaller but significant 
markets were ceramics, chemical manufacture, and plastics 
(table 11). A similar market distribution was seen for producers 
in Georgia (table 9). The sales distribution for South Carolina 
kaolin producers was, in descending order of tonnage, catalyst 
manufacture (included in ceramics in table 10), rubber, brick, 
fiberglass, and plastics. 

Paper coating and filling markets accounted for 57% of 
kaolin sales in 2010. Sales increased in response to increased 


manufacture of paper in the North America. Refractory products 
accounted for 13% of kaolin sales in 2010, with sales increasing 
These two 
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The annual average PPI for ball clay and kaolin mining 
under North American Industry Classification System code 
2123240 was 182.9 in 2010 (1984-100) compared with 176.5 
in 2008. The PPI was increased from 182 in January to 183.6 in 
December. The PPI measured the average change in the selling 
prices charged by domestic producers of ball clay and kaolin 
over time (U.S. Bureau of Labor Statistics, undated). 

Trade.—Exports increased in 2010 as the economies of many 
countries began to improve. In 2010, 2.47 Mt of kaolin valued 
at $537 million was exported compared with 2.29 Mt valued at 
$459 million in 2009 (table 14). Producers reported exports of 
145 Mt (table 11). Much of the kaolin exported to Canada and 
Mexico probably was reported under domestic consumption 
by U.S. producers. Sales through U.S. mineral brokers, where 
producers do not know if the kaolin is used domestically or 
exported, also could explain part of the discrepancy. 

Kaolin imports were an estimated 239,000 t of kaolin valued 
at $56.3 million in 2010 compared with 281,000 t valued 
at $68.7 million in 2009 (table 15). Inaccuracies have been 
observed in kaolin import data from Brazil in the past, raising 
the possibility that imports in 2010 may have been higher. Some 
kaolin imports from Brazil may have been shipped to Canadian 
paper manufacturers via ports in New England and not used 
in the United States. About 94% of kaolin imports were from 
Brazil, followed by Canada and the United Kingdom. Imports 
from Brazil were primarily for paper coating applications, and 
those from the United Kingdom were primarily for paper filler 
applications. 
аи + by the kaolin industry improved in 2010 
ri nim in 2009 because of the economic recession. 
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2. к markets in 2010. Overall global paper 
же нн тоге Hang /o in 2010 (Imerys SA, 2011). 
and paperboard | . : E зош рр. papat 

mills increased through mid-2011 compared 


With the same time period in 2010 (Board of Governors of the 
Federal Reserve Syste 


Domestic sales of kao 
Slightly in 2011. Exp 
use, may increase $]: 
&onomic growth su 
paper for most appli 
of European Paper Industries, 20] 1). 


а manufacturing output increased in 2010 and 
о s Governors of the Federal Reserve 
Ыш. па continues, sales of kaolin used to 
чау isi products as catalysts, chemicals, plastics 
| ucts (see discussion under Fire clay), and rubber 
ly in 2011 compared with 2010. | 
2010 and invo ud Construction remained slow in 
ity i 310a. | а construction increased only 
мар ough May 2011, but the value put in 
ЫЛ. EUR decreased (U.S. Census 
E : а Concerns about mortgage 
uncertainty a bee: new lending laws, and 
* construction iom S. debt issues hampered growth 
ons, suck in Stry. Sales for construction-related 
© manufacture of brick, electrical 


C 
AY AND SHALE—2019 


porcelain, fiberglass, floor and wall tile, paint, portland cement, 
roofing granules, and sanitaryware may increase only slightly 
in 2011 compared with those of 2010 if the construction trend 
continues through 2011. 


World Review 


World production of bentonite was approximately 10.7 Mt 
(table 16) and fuller’s earth production was 3.36 Mt (table 17). 
Kaolin production was about 33.2 Mt (table 18), including ball 
clay from Australia, Ukraine, and various other countries, and 
crude kaolin ore production tonnages were reported by many 
countries. World sales of processed kaolin were estimated to be 
between 22 and 24 Mt, after accounting for processing losses 
and stockpiling and the inclusion of ball clay production under 
kaolin by some countries. The United States continued to be the 
leading supplier of processed clay for sale, followed by Turkey 
and Greece for bentonite, Spain for fuller’s earth, and Brazil 
and the United Kingdom for kaolin. Spain led all countries in 
the production of sepiolite. Senegal was the leading producer of 
palygorskite (attapulgite), followed by the United States. The 
rankings above were based on processed clay sold or used and 
not on crude ore production. 

Brazil.—Imerys purchased ап 86% share of Para Pigmentos 
S.A. (PPSA) from Vale S.A. The $70 million purchase included 
the kaolin deposits, a 400,000-t/yr processing plant, a harbor 
facility at Barcarena, and mining rights in the State of Para. 
Imerys already owned Rio Capim Caulim, a leading Brazilian 
kaolin producer with 1.6 million metric tons per year (Mt/yr) 
of production capacity. Imerys’ combined kaolin production 
capacity was 4.8 Mt/yr from operations in Australia, Brazil, 
France, New Zealand, Portugal, Thailand, Ukraine, the United 
Kingdom, and the United States. The purchase of PPSA 
increased Imerys’ reserves of kaolin suitable for paper and 
packaging markets and was expected to allow the company to 
control long-term mining costs more effectively (O’Driscoll, 
2010b; Imerys, 2011, p. 9). 

India.—Ashapura Volclay Ltd. (а joint venture between 
Ashapura Minechem Ltd. and AMCOL International Corp.) : 
announced that it began operating a third plant for producing 
acid-activated bleaching clay. The plant, in Kutch, Gujarat, had 
a capacity of 25,000 t/yr. With the opening of the plant, the joint 
venture had the capacity to produce more than 100,000 t/yr of 
bleaching clay and 10,000 t/yr of catalyst clay. АП the clay used 
at this facility was calcium bentonite (O'Driscoll, 20102). 

South Africa.—G&W Mineral Resources (Pty.) Ltd. 
completed a new $6 million bentonite plant near Koppies, Free 
State Province. The plant enabled the company to process dry 
and wet ores and provided dry storage for the bentonite ore. 
Previously, the operation closed during rainy seasons because 
the company could not process wet ore and lacked adequate dry 
storage for bentonite ore (Roberts, 2011). 

Ukraine.—Société Kaoliniére Armoricaine (SOKA) 
announced that it would build a 75,000-t/yr kaolin plant near 
Pervomaisk, Mykolaiv. The plant was scheduled to be built in 
three stages, by increasing 25,000 t/yr at each stage. SOKA will 
process kaolin for ceramic markets. SOKA had been selling its 
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crude kaolin for the manufacture of brick, tile, and white cement 
(Watts, 2010). 
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TABLE 1 


SALIENT U.S. CLAY STATISTICS"? 


(Thousand metric tons and thousand dollars) 


2006 2007 2008 _ 209 2010 
Domestic clays sold or used by producers: 
Quantity ——— 4,200 36,700 32,700 24,500 25,400 
Value AN 1,770,000 1,750,000 1,650,000 1,330,000 1,460,000 
Exports: | | 
Quantity 5,080 5,650 5,100 3,830 4,360 
Value = 1,000,000 928,000 938,000 702,000 862,000 
Imports for consumption: — — ž žo 
_ Quantity ср 346 231 237 325 284 
Value | 79,200 73,900 86,600 104,000 92,000 


'Excludes Puerto Rico. 


"Data are rounded to no more than three significant digits. 


TABLE 2 
CLAYS SOLD OR USED BY PRODUCERS IN THE 


UNITED STATES, BY STATE"? 


(Thousand metric tons and thousand dollars) 


2009 2010 

Ен State’ Quantity Value Quantity Value 

Alabama 1,340 25,300 1,450 29,900 
Arkansas 539 7,630 579 8,210 
Califomia — — 340 4,690 570 33,300 
Colorado 61 435 110 350 
Florida 52-5 18 3,000 202 33,600 
Georgia AE 5,600 697,000 6,300 819,000 
Indiana — Телу 4 413 6,610 381 8,260 
lowa 5 184 828 201 827 
Мын o O 381 2,430 380 2,940 
Kentucky 288 5,980 323 8,080 
ВАРИ 353 9,120 151 1,330 
О ОИ 318 1,310 312 1,290 
И о: ol 263 1,540 642 35,600 
Missouri 421 3,020 1,030 40,800 
ах 605 30,200 595 30,000 
Norit Carolini =o 07 828 4,980 856 5,300 
OREL 770 13,400 817 14,600 
Fo | 572 2,800 554 2,600 
о У. 451 3,040 344 2,490 
иона — 7 0707 455 9,890 426 11,700 
таене Rice 624 23,600 716 32,300 
а 1,850 21,600 2,080 48,600 
ha SSS 342 7,230 482 11,800 
Np cec eas 505 5,830 715 27,500 
о eU d 3,270 172,000 4,160 225,000 
E е 3,760 269,000 979 26,900 
ved | 24,500 1,330,000 25,400 1,460,000 


| eee ot Se 
Excludes Puerto Rico. 
ub 


4 
Includes all other producer States. 


C 
AVAND SHALE 019 


Ш.Т 


2 

Data are ro у 

ө н unded to по more than three significant digits; may not add to totals shown. 
able totals used to avoid disclosing company proprietary data. 
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ТАВГЕ 3 
BALL CLAY SOLD OR USED ВУ PRODUCERS IN THE UNITED STATES, ВУ TYPE AND USE 


(Thousand metric tons and thousand dollars) 


Type: 
Airfloat 
Water-slurried 
Unprocessed 

Total 

Use: 
Fillers, extenders, binders” 
Floor and wall tile 
Miscellaneous ceramics? 
Pottery 


Sanitaryware 


Miscellaneous’ 
Exports, reported by producers? 


C Tw — 1 37700  ) 92 4:0 


МА Not available. 


2009 
Quantity Value 

588 26,000 
93 4,440 
151 7,230 
831 37,700 
37 NA 
299 NA 
77 МА 
4 МА 
181 МА 
24 МА 
209 МА 


37,700 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


Includes asphalt emulsions; rubber; and other fillers, extenders, and binders. 
Includes catalysts, electrical porcelain, fiberglass, fine china/dinnerware, glass, mineral wool, and roofing granules. 


‘Includes heavy-clay products, waterproofing seals, refractories, and other unknown uses. 


5Includes ceramics and glass and floor and wall tile. 


U.S. GEOLOGICAL SURVEY MIN ERALS 


2010 
Quantity 


629 
105 
178 
912 


Value 


27,500 
5,100 
8,680 

41,300 


NA 
NA 
NA 
NA 
NA 
NA 


YEARBOOK—2010 


TABLE 4 
BENTONITE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY TYPE AND USE! 


(Thousand metric tons and thousand dollars) 


2009 2010 
Quantity Value Quantity Vale | 
Type: 
Nonswelling 116 8,140 123 9,320 
Swelling 3,530 198,000 4,510 252,000 
Total 3,650 207,000 4,630 261,000 
Use: 
Domestic: 
Pet waste absorbents 925 * NA 967 *? NA 
Adhesives 9 NA 8 NA 
Animal feed 60 NA 71 NA 
Drilling mud 587 NA 1,020 ? NA 
Filler and extender applications? 69 NA 104 МА 
Foundry sand 443 * NA 423 *? NA 
Pelletizing (iron ore) 445 * NA 595 *? NA 
Waterproofing and sealing 102 NA 122 NA 
Miscellaneous civil engineering 190 * NA 192 * NA 
Miscellaneous’ | 170 МА 310 МА 
Тога! 3,000 * МА 3,810 • МА 
Exports, reported by producers: 
Drilling mud 105 * NA 160 * NA 
Foundry sand 192 NA 121 ? NA 
Other” 349 NA 536 NA 
Total | 646 * МА 817 * МА 
Grand total 3,650 207,000 4,630 261,000 


"Estimated. NA Not available. 

} 

Data are rounded to no more than three significant digits; may not add to totals shown. 
2 . ‘ n e . : 

More information can be found in the Consumption section under Bentonite. 


"Includes asphalt tiles, asphalt emulsions, cosmetics, fertilizers, ink, medical, miscellaneous fillers and extenders 
applications, paint, paper coating, paper filling, pesticides and related products, pharmaceuticals, and plastics. 


4 | џ 35 i 
Includes ceramics, chemical manufacturing, clarifying and decolorizing, heavy-clay products, oil and grease 
absorbents, refractories, and other unknown uses. 


5 
Includes absorbents, fillers and extenders, refractories, pelletizing, and other unknown uses. 


ie 


TABLE 5 
COMMON CLAY AND SHALE SOLD OR USED BY PRODUCERS 


IN THE UNITED STATES, BY STATE AND USE! ? 


(Thousand metric tons and thousand dollars) 


2009 2010 
Quantity Value Quantity Value 
State: 


18.12 


Alabama 1,340 25,300 1,300 21,500 
Arkansas 539 7,630 534 7,580 
California 318 2,370 355 5,000 
Georgia 631 3,870 657 3,910 
Indiana 413 6,610 358 7,110 
Kansas 381 2,430 353 1,850 
Kentucky 288 5,980 284 5,780 
Louisiana 353 9,120 151 1,330 
Mississippi 263 1,540 259 1,540 
Missouri 421 3,020 412 3,060 
_һМе У 605 30,200 595 30,000 
North Carolina 828 4,980 846 4,890 
Ohio 770 13,400 814 14,600 
Oklahoma — 572 2,800 554 2,600 
Pennsylvania 45] 3,040 343 2,490 
South Carolina 311 1,300 267 1,190 
Texas 1,800 13,000 1,740 14,000 
ЕС” ee 342 7,230 322 7,020 
Vigna  — 505 5,830 503 6,010 
Other" 1,330 6,170 1,410 6,220 
1 es QU RM 12,500 156,000 12,100 148,000 
Use: 5—05 
Floor and wall tile’ 181 NA 358 NA 
Heavy-clay products: 
Brick, extruded 5.680 NA 5,380 NA 
Brick, other 547 NA 608 NA 
Other 165 МА 55 МА 
Lightweight aggregate: 
Concrete block 1.310 NA 1.340 NA 
Highway surfacing 483 NA 561 NA 
Portland and е cements dd dee — i 
Refractories! d e de _ 
360 МА 364 МА 


Miscellaneous" 


NA 353 
ш о 
МА Not available. 156,000 12,100 148,0 


‘Data are rounded to no more than three signifi 
"Excludes Puerto Rico. 
*Includes all other States exce 
Vermont, and Wisconsin, 


4 6 
Includes ceramic tile, qua til М 
| quarry tile, and miscellaneous floor and wall tiles. 


ncludes drain tile, flower pots, flue linin 
ncludes firebrick, blocks and sha 


"Includes exports, reported by pro 
extenders, and binders: pottery; 


I 
4 


493 


a nee 


cant digits; may not add to totals shown. 


2010 
U.S. GEOLOGICAL SURVEY MINERALS УБАКВООК—201 


pt Alaska, Delaware, Hawaii, Idaho, Nevada, New Hampshire, Rhode Island, 


88, Sewer pipe, Structural tile, and miscellaneous clay products. 
Pes, mortar and cement 


ducers; miscellaneous 
roofing granules; and ot 


МА 


› Brogs and calcines, and miscellaneous refractories. 
civil engineerin 


Б and sealings; miscellaneous fillers, 
her unknown us 


es. 


TABLE 6 
FIRE CLAY SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE! 


(Thousand metric tons and thousand dollars) 


2009 2010 
Quantity Value Quantity Value · 
Production 320 12,000 216 6,120 
Use: 

Heavy-clay products and lightweight aggregates" 146 NA 123 NA 
Refractories: 

Firebrick, block, shapes | 19 МА 19 МА 

Grogs and calcines W NA W NA 

Other refractories? W NA W NA 

Miscellaneous’ 155 NA 74 NA 

Total 320 12,000 216 6,120 


NA Not available. W Withheld to avoid disclosing company proprietary data; included in “Miscellaneous.” 
'Data are rounded to no more than three significant digits; may not add to totals shown. 

"includes common brick, concrete block, portland cement, and structural concrete. 

includes kiln furniture, mortar and cement, and miscellaneous refractories. 


‘Includes floor tile, wall tile, and other unknown uses. 


TABLE 7 
FULLER’S EARTH SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY TYPE AND USE 


(Thousand metric tons and thousand dollars) 


EN LA 


2009 2010 
Quantity Value Quantity Value 
Type: 
_Attapuigite —————— 0000 — Q) (2) (2) (2) 
Montmorillonite 222200 206000 200 20,00 
a о ооо о 2010 206,000 2,050 201,000 
Use: л CORR ICE RN 
Absorbents: 
Ex sol uo NC = NA те D 
Pet waste absorbent 1,220 NA 1,380 NA 
 Animafeed ^ . о-оо оо 63 МА 54 МА 
_ Fillers, extenders, binder — —  ž  žě  žěž =ž ë< — 107 NA 111 NA 
_ Filtering, clarifying, and decolorizings о 72 NA i M 
.Miselanou) 005050245200 261 NA 223 МА 
Total 2,010 206,000 2,040 201,000 


МА Not available. W Withheld to avoid disclosing company proprietary data; included in *Miscellaneous." 
'Data are rounded to no more than three significant digits; may not add to totals shown. 

^Withheld to avoid disclosing company proprietary data. Primarily gellant-grade fuller's earth. More 
information can be found in the “Fuller’s Earth" portion of this report. 
"Includes asphalt emulsions; medical, pharmaceuticals and cosmetics; paints; pesticides and related products; 
and other unknown uses. 

“Includes mineral and vegetable oils and greases. 

Includes civil engineering, drilling mud, miscellaneous absorbents, and other unknown uses. 
"Includes oil and grease absorbents, pet waste absorbents, drilling mud, paint, and other unknown uses. 


Ба 


TABLE 8 
KAOLIN SOLD OR USED BY PRODUCERS IN THE UNITED STATES, 


BY STATE AND ТУРЕ! 


(Thousand metric tons and thousand dollars) 


2009 2010 
——————— i v 4M MM ool 


Quantity Value Quantity Value 
State: OS Y M o, 


State: 
Georgia 4,970 693,000 5,050 757,000 
South Carolina 144 8,590 158 10,500 
Other? 180 12,700 214 20,500 
Total 5,290 714,000 5,420 788,000 
Type: 
Airfloat 894 73,200 758 65,800 
Calcined? 1,180 203,000 1,340 252,000 
Delaminated 824 118,000 984 137,000 
Unprocessed 55 1,190 |. 58 823 
Water washed 2,330 319,000 2,280 332,000 
Total 5,290 714,000 5,420 788,000 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
Includes Alabama, Arkansas, California, Florida, Nevada, North Carolina, and Texas. 


3 ; , 
Includes pigment-grade kaolin (low-temperature calcined kaolin) and refractory-grade kaolin 
(high-temperature calcined kaolin). 
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TABLE 9 
· GEORGIA KAOLIN SOLD OR USED BY PRODUCERS, BY TYPE AND USE! 


(Thousand metric tons and thousand dollars) 


Type: 
Airfloat 
Calcined” 
Delaminated 
Water washed 
Total 
Use: 
Domestic: | 
Ceramics and glass: 
Catalysts (oil-refining) 
Fiberglass, mineral wool 
Roofing granules 
Other’ 
Fillers, extenders, binders: 
Adhesives 
Paint 
Paper coating 
Paper filling 
Plastic 
Rubber 


Other" 
Heavy-clay products? 


Refractories’ 
Undistributed® 
Total 
Exports, reported by producers: 
Paint 


Paper coating” 
Paper filling” 
Rubber 
Undistributed’® 
Total 
Grand total 


2009 
Value 


Quantity 


761 
1,100 
824 
2,280 
4,970 


105 
1,500 
4,970 


62,400 
195,000 
118,000 
318,000 
693,000 


NA 
NA 
693,000 


NA Not available. W Withheld to avoid disclosing company proprietary data. 


| 
Data are rounded to по more than three significant digits; may not add to totals shown. 


2 
Includes pigment- and refractory-grade calcined kaolin. 


2010 
Quantity 


621 
1,240 
984 
2,200 
5,050 


125 
1,320 
5,050 


Value 


54,100 
242,000 
137,000 
324,000 
757,000 


NA 
757,000 


3 ` е . . . . А М 
Includes catalysts (oil-refining), electrical porcelain, fine china/dinnerware, pottery, miscellaneous ceramics, 


and sanitaryware. 


4 : қ А ЈЕ 
Includes animal feed; asphalt tile; fertilizers; medical, pharmaceuticals, and cosmetics; pesticides and 


related products; and miscellaneous fillers, extenders, and binders. 


5 
Includes brick (common and face), portland cement, and miscellaneous clay products. 


6 . . А • 55 
Withheld to avoid disclosing company proprietary data; included in "Domestic: Undistributed. 


"Includes firebricks, blocks and shapes, grogs and calcines, high-alumina specialties, kiln furniture, and 


miscellaneous refractories. 


8 
Includes absorbents, chemical manufacturing, floor and wall tiles, heavy-clay products, refractory products, 


waterproofing seals, and other unknown uses. 


9 
Some export sales, by producers, may be included under domestic sales. 


10 А 
Includes miscellaneous ceramics and miscellaneous fillers, extenders, and other unknown uses. 
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TABLE 10 
SOUTH CAROLINA KAOLIN SOLD OR USED BY PRODUCERS, BY USE! 


(Thousand metric tons and thousand dollars) 


2009 2010 
Quantity Value Quantity Value 
Production? 144 8,590 158 10,500 
EDEN ——— NS 


Use: 
| 
Ceramics? 68 NA 67 NA 
Rubber 30 NA 31 NA 
Nc "PL" 
Other uses* 46 NA 60 NA 
uL OMNEM ME LL 


144 8,590 158 10,500 
МА Not available. 


‘Data are rounded to no more than three Significant digits, may not add to totals shown. 
"Includes airfloat, unprocessed, and calcined kaolin. 


*Includes catalysts (oil-refining), fiberglass, roofing granules, and sanitaryware. 


4 А А А . 
Includes adhesives, animal feed, brick (common), exports, floor and wail tile, paper coating, plastics, and refractories, 
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TABLE 11 


KAOLIN SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE! 


(Thousand metric tons) 


Use 2009 2010 
Domestic: 
Ceramics: Es 
Catalyst (oil and gas refining) 233 179 
Electrical porcelain W W 
___ Fine china and dinnerware 7 6 
Floor and wall tile Е 82 84 
__ Роу = w № 
Roofing granules m 34 35 
Sanitaryware й eet, 35 42 
.. Miscellaneous ceramics - 84 54 
Chemical manufacture | W W 
Fiberglass, mineral wool 224 244 
Á Fillers, extenders, binders: 
Adhesive | 19 20 
_ Fertilizer Е W W 
Paint 00 mE 176 190 
__ Paper coating Е 1,570 1,720 
Paper filling _ | ЕЕ 196 149 
. Pesticide m W W 
, Plastic 5: | 63 50 
Rubber 150 172 
Miscellaneous fillers, extenders, binders "ND 39 44 
Heavy—clay products: | 
Brick, common and face | 54 37 
___ Portland cement | u 55 86 
_ Refractories” 614 695 
Miscellaneous applications 137 167 
Total 0 | 3,770 3,970 
Exports, reported by producers: и 
. Ceramics! W W 
Paint | 61 84 
Paper coating | SE 1,260 1,190 
Paper filling 46 44 
Rubber | B | 45 40 
Miscellaneous = | | 107 | 91 
| Toa ——— 1,520 1,450 
 Granditotal | | | 5290 5,420 


W Withheld to avoid disclosing company proprietary data; included in 
“Miscellaneous ceramics and Miscellaneous fillers, extenders, binders.” 


Data аге rounded to no more than three significant digits; may not add to totals shown. 


"Includes firebrick (blocks and shapes), grogs and calcines, and miscellaneous 


refractories. 


"Withheld to avoid disclosing company proprietary data; included in "Exports, reported 


by producers: Miscellaneous." 
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TABLE 12 
COMMON CLAY AND SHALE USED IN LIGHTWEIGHT AGGREGATE 


PRODUCTION IN THE UNITED STATES BY STATE! 


(Thousand metric tons and thousand dollars) 


Concrete Structural 2 Той  — 

State block concrete Other? Quantity Value* 
2009: | ЕНН С—С m 
_ Alabama Е 356 25 43 424 14,900 
Arkansas | 2.1... 130 32 -- 162 6,250 

_ Indiana | | | 9] 54 72 218 6,000 
Kansas MN | = ЗЕ 62 62 541 
Kentucky m MS 46 38 = 84 4,660 
Louisiana m | 132 53 129 314 8,820 
А Missouri -- -- 124 124 1,080 
_ Nebraska | EM € ue 1 1 3 
New York EE 153 257 as 411 26,200 
Ohio 72 40 68 179 7,700 
Oklahoma | 20 3 is 23 714 
Texas | 0 22. | 156 168 409 733 5,270 
. Utah И сызы 93 58 149 300 7,050 
Ушао ——— 5 | 222672 1 23 90 2,060 
Total | | 1,310 731 1,080 3,30 91300 
2010: SS ктк асансны 
-Alabama Е 361 25 43 430 11,900 
-Arkansas 0- mE 128 32 is 160 6,240 
Indiana | | 63 32 65 162 6,500 
.Kanas  — — ee a 19 3 201 28 188 
Kentucky " E 44 36 Es 80 4,470 
Louisiana —^ — | 62 19 29 110 1,030 
To 1 MM | 22 18 63 103 1,110 
с И - -- 454 454 2 
New York — EM 163 272 = 435 28,200 
Ohio — "CEN 72 40 68 180 7,820 

. Oklahoma | 20 3 Ж 25 703 
Texas | mM 149 161 385 699 5.540 
а "OMEN 91 57 112 260 5,820 
Virginia ——— Я. СО 51 196 4,490 

. Total 1,340 70 1470 3,320 84000 


"Estimated. -- Zero, 


| 
Data аге rounded to no more than three s 


2 | ignificant digits; may not add to totals shown. 
Includes highway surfacing. 
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n шы шышы з л „ш аш 
| Lec а 
BL сысы = 35 2,430 45 3,030 Mexico, 40%; Venezuela, 15%; Costa Rica, 12%. 
= 8 709 100,000 953 143,000 Canada, 45%; Japan, 11%; Saudi Arabia, 8%; China, 6%. 
ed rth 328 42,800 404 61,500 Mexico, 54%; Luxembourg, 228 Japan, 9%. 
Kaolin 90 28,500 100 35,400 Јарап, 20%; China, 10%; United Kingdom, 8%. 
Clays, nec 2,290 459,000 2,470 537,000 
Toal 374 69,500 383 82,600 Canada, 70%. 
‘Dan 3,830 702,000 4,360 862,000 
аге rounded to no more 


Source: U.S. Census Bureau. 


CLAY AND SHALE 2919 


ТАВІЕ 13 
COMMON CLAY AND SHALE USED IN BUILDING BRICK 


PRODUCTION IN THE UNITED STATES, BY STATE"? 


(Thousand metric tons and thousand dollars) 


.. 2009 2010 
State Quantity Value® Quantity Value* 

Alabama 571 6950 541 _ 6,210 
Arkansas 147 705 22 47 
California 120 734 117 710 
Colorado um 42 309 93 242 
Georgia 581 3,620 607 3,670 
Kentucky” 200 1,210 200 1,210 
Mississippi 263 1,540 259 1,540 
North Carolina 828 4,980 621 2,830 
Ohio 405 4,770 439 4,990 
Oklahoma 415 1,720 404 1,540 
Pennsylvania | 398 2,230 288 1,650 
South Carolina 301 1,250 257 1,140 
Tennessee | | 113 817 114 817 
Texas mE 429 2,150 457 2,460 
Virginia | 312 1,420 306 1,520 
Other’ 1,110 6,590 1270 7,260 

Total | 6,230 41,000 6,000 37,800 
*Estimated. 


! Includes extruded and other brick. 


"Data are rounded to no more than three significant digits; may not add to totals shown. 


*Extruded brick only. 


“Includes all other States except for Alaska, Nevada, New Hampshire, Rhode Island, 


Vermont, and Wisconsin. 


TABLE 14 
U.S. EXPORTS OF CLAYS, BY TYPE! 


than three significant digits; may not add to totals shown. 


(Thousand metric tons and thousand dollars) 


Japan, 17%; Canada, 13%; Chile, 1196; Finland, 1196; Mexico, 11%. 


Principal destinations in 2010 


18.19 


TABLE 15 
U.S. IMPORTS FOR CONSUMPTION OF CLAY, BY TYPE! 


(Thousand metric tons and thousand dollars) 


18.20 


2009 2010 
Material Quantity Value Quantity Value Principal sources in 2010 
China clay or kaolin 281 68,700 239 56,300 Brazil, 94%. 


Fire clay (2) 133 (2) 179 Canada, 5096; Germany, 48%. 
Decolorizing earths and fuller's earth | 96 2 160 Japan, 79%; China, 21%. 

Bentonite 8 2,460 16 4,670 Greece, 46%; Mexico, 23%; Canada, 17%. 
Common blue clay and other ball clay - -- l 138 United Kingdom, 70%; Canada, 30%. 
Other clay 8 3,940 7 4,560 Peru, 41%; Canada, 38%. 

Chamotte or Dina's Earth (2) 165 (2) 110 Czech Republic, 69%; Sweden, 21%. 
Artificially activated clay and earth 27 28,800 19 25,800 Mexico, 70%; Germany, 17%. 


А 490 
Total | 325 104,000 284 92,000 
-- Zero. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


?Less than У unit. 


Source: U.S. Census Bureau; as adjusted by U.S. Geological Survey. 
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Country? 
Algeria’ 
Argentina 
Armenia’ 
Australia® “ 
Azerbaijan 
Bolivia 
Bosnia and Herzegovina 
Brazil, beneficiated 
Bulgaria 
Burma 
Chile 
Croatia 
Cyprus 
Czech Republic 
Egypt 
Georgia 
Germany 
Greece" 
Guatemala 
Hungary 
Indonesia‘ 
fran’ 
Italy* 
Japan 


Kenya® 
Macedonia‘ 
Malawi 


Mexico 


Morocco 


Mozambique 

New Zealand, processed? 
Pakistan 

Peru 

Philippines 

Poland’ 

Romania 

Serbia 


Slovakia 


=——— T RR 


South Africa? 
Spain* 


Turkey 
Eon) А 


Turkmenistan‘ 

Ukraine" 

United States 

Zimbabwe? 
Total 


Estimated. "Revised. -- Zero. 


2006 
27,100 
246,000 
720 
220,000 
40,600 
24,600 
235,000 
134,000 
904 


~ 


16,400 
150,000 
267,000 
30,000 
4,490 
364,000 
1,130,000 
20,000 
6,600 
5,500 
260,000 
470,000 
425,000 
60 

32,500 


435,000 
80,400 
3,520 
3,030 
23,800 
19,000 
1,000 
93,900 
21,200 
136,000 
32,900 
155,000 
1,130,000 
50,000 
300,000 
4,940,000 
500 


5 


r 


TABLE 16 
BENTONITE: WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 


2007 
32,600 
250,000 
1,130 
255,000 
50,500 
32,900 
330,000 
99,000 
971 

533 
19,600 
150,000 
335,000 
29,800 
5,000 
385,000 
950,000 
23,600 
54,000 
5,500 
254,000 
306,000 
430,000 
70 
35,200 
2,080 
614,000 
81,000 
10,500 
6,150 
32,400 
21,500 
1,150 
106,000 
16,900 
149,000 
45,800 
155,000 
1,740,000 
50,000 
300,000 


4,820,000 


100 


~ 


11,500,000 7 — 12,200,000 * 


2008 
30,600 
256,000 
50° 
250,000 
40,700 ' 
p" 
30,500 
340,000 ' 
178,000 
1,000 * 
19,800 * 
150,000 
174,000 * 
32,000 ? 
5,000 
414,000 
1,500,000 ' 
62,700 
50,000 
6,000 
358,000 "5 
281,000 
435,000 
70 
22,900 
7,020 
375,000 
80,000 
17,700 " 
753 
33,000 ' 
31,600 
1,420 
121,000 
16,600 ' 


r 


145,000 
44,100 
155,000 
1,550,000 * 
50,000 
200,000 * 
5,030,000 
100 
12,500,000 * 


2009 
31,000 
148,000 ' 

238 € 
240,000 
10,600 ' 
323 ' 
16,000 ' 
264,000 ' 
108,000 ' 
1,000 * 


T 


150,000 
116,000 
32,000 
5,000 
326,000 ' 


845,000 "> 


14,300 ' 


45,000 "° 


6,000 
380,000” 
146,000 
432,000 

70 
15,400 " 
8,050 
511,000 * 
80,000 
7,390 ' 
880 
34,000 * 
119,000 
1,410 " 
81,400 ' 
13,800 * 


r 


109,000 * 
40,300 
155,000 
932,000 " 
50,000 
195,000 " 


3,650,000 


rc 


9,320,000 ' 


2010* 
31,000 
200,000 


1,400 ? 


230,000 


18,100 ? 
440 ? 


16,000 
265,000 
110,000 

1,000 


150,000 
183,000 
30,000 
5,000 
350,000 
850,000 
22,400 
50,000 
6,500 
400,000 
111,000 
430,000 
70 
15,400 
1,020 
591,000 
80,000 
12,000 
900 
35,000 
44,300 
1,500 
81,000 
14,000 
110,000 
54,300 
155,000 


1,200,000 


50,000 
200,000 


4,630,000 


10,700,000 


W ioni iei dd to total 
orld totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals 


shown. 
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TABLE 16—Continued 
. BENTONITE: WORLD PRODUCTION, BY COUNTRY”? 


*Table includes data available through September 25, 2011. 


"In addition to the countries listed, Canada and China are thought to produce bentonite, but output is not reported, 
and available information is inadequate to make reliable estimates of output levels. 


*Includes bentonitic clays. 

‘Reported figure. 

°Year beginning March 21 of that stated. 
"Mentmorillite type bleaching clay. 
Мау include other clays. 


TABLE 17 
FULLER'S EARTH: WORLD PRODUCTION, BY COUNTRY”? 


(Metric tons) 
Country’ 2006 2007 2008 22090 200 — 
Australia, attapulgite* 10,000 10,000 10.000 9.500 10,000 
А, М э H 
Guatemala 19 109 : 
| КЕ E - 

Пау 3,000 3,000 3,000 3,000 3,000 
Mexico = 102,400 34,175 66,123 108,139 179,000 
Morocco, smectite 15,000 15,000 15,000 15,000 15,000 
Pakistan | 15,848 ' [2,884 ' 13,000 ^* 15,000 "° 17,000 
Senegal, чыш | 140,000 150,000 * 167,000 180,000 ' 204,000 
South Africa, attapulgite 49,225 68,377 69,876 54.418 ' 65,336 4 
Spain: 

sore 20,000 20,000 20,000 20,000 20,000 
7 к "eT 800,000 800,000 800,000 800,000 800,000 
Unies tates 2,540,000 2,600,000 2,340,000 2,010,000 2,050,000 ^ 
2 — 3,700,000 3,720,000 3,500,000 " 3,210,000 3,360,000 
Estimated. "Revised. -- Zero. 


| 
Excl i 
xcludes centrally planned economy countries and former such countries, some of which presumably produce fuller’s earth but for 
. Table includes data available through September 25, 2011. 


ed data are rounded tonom igni 
x ore than three si ificant dieits: 
*In addition to the market economy c - SRI Mi некенің 


ountries || i ; 
past and may continue to do so, but output Я = b india, Iran, Japan, and Turkey have reportedly produced fuller's earth in the 
repor i i TU | ; 
жей ported, and available information is Inadequate to make reliable estimates of output 


“Reported figure. 
55014 or used by producers. 
Excludes attapulgite. 


18.22 


U.S. GEOLOGICAL SURVEY. MINERALS YEARBOOK—2010 


TABLE 18 
KAOLIN: WORLD PRODUCTION, BY COUNTRY"? 
(Metric tons) 
Country" 2006 2007 2008 2009 2010* 

Algeria 32,523 106,567 50,788 50,000 * 50,000 
Argentina 49,619 69,354 55,000 78,792 ' 75,000 
Australia, includes ball clay* 250,000 250,000 230,000 230,000 240,000 
Austria, marketable 51,900 56,690 49,527 83,980 ' 80,000 
Bangladesh" 4 8,500 8,600 8,500 8,500 8,500 
Belgium“ 300,000 300,000 300,000 300,000 300,000 
Bosnia and Herzegovina, crude 69,643 | 188,033 259,325 148,384 ' 150,000 
Brazil, beneficiated 2,455,000 2,456,000" 2,674,000 1,987,000" 2,000,000 ? 
Bulgaria 1,658,000 1,631,000 1,530,000 939,000 ' 940,000 
Chile 44,642 87,901 63,526 48,354 62,226 ? 
Czech Republic 3,768,000 3,604,000 3,833,000 2,886,000 3,493,000 5 
Denmark, sales* 2,500 2,500 2,500 2,500 2,500 
Ecuador 11,504 18,618 15,000 5“ 15,000 "° 15,000 
Egypt 416,000 * 331,671 523,327 550,000 500,000 
Eritrea 100 100 100 100 100 
Ethiopia 1,641 1,400 * 1,275 3,534 3,600 
France, marketable® 300,000 307,253 5 300,000 300,000 300,000 
Germany 3,815,173 3,842,514 3,622,159" 4,513,553! 4,500,000 
Greece" 50,000 40,000 4,360 -- 5 -- 
Guatemala 4,395 2,663 2,803 1,879 2,143 5 
Hungary, processed 7,000 3,000 3,000 2,800 ^* 3,000 
India 

Processed 200,000 200,000 210,000 210,000 220,000 

Salable crude 560,000 570,000 570,000 580,000 580,000 
Indonesia" 15,000 15,000 15,000 15,000 15,000 
гат 310,000 350,000 320,000 320,000 330,000 
Italy, kaolinitic earth 469,702 635,297 591,298 1,069,938 641,000 
MN ete 10,500 11,000 11,000 * 12,000 * 12,000 
Jordan 112,787 101,000 181,018 177,470 180,000 ? 
Keya о 810 900 ' 930 ' 890" 900 
Korea, Republic of 2,399,458 688,330 954,584 659,351 ' 764,008 ° 
Kyrgyzstan’ 400,000 400,000 400,000 400,000 400,000 
Malawi 920 1,000 1,100 - - 
Malaysia 341,223 587,508 506,462 463,732 ' 530,331 5 
М 961,800 86,784 85,091 78,086 120,094 5 
New Zealand 14,864 14,130 12,761 9,016 10,000 
Nigeria" 100,000 100,000 100,000 100,000 100,000 
Pakistan 443,402 ' 756,536 ' 750,000 ' 760,000 ' 770,000 
с у. __ 66,000 66,000 66,000 66,000 66,000 
du 5,750 7,532 13,215 9,347 16,678 5 
Poland, washed 144,000 ' 153,000 ' 166,000 ' 143,000 " 145,000 
Portugal 167,792 183,598 231,346 ' 274,925 ' 284,715 5 
Romania 11,063 7,576 3,166 ' 1,000 * 1,000 
Russia, concentrate* 45,000 45,000 45,000 45,000 45,000 
Saudi Arabia 4,000 4,400 4,400 5,000 *° 5,000 
Serbia; 
Е 110,000 110,000 110,000 110,000 110,000 

Washed 18000 1000 1000 — 1000 à—à1 1900 — 


See footnotes at end of table. 
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TABLE 18—Continued 


KAOLIN: WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 
Country? 2006 2007 2008 2009 2010* 
Slovakia 58,000 46,000 44,000 10,000 ' 10,000 
South Africa 51,602 50,839 39,505 31,048 29,929 5 
Spain, marketable, crude and washed 464,049 450,000 465,000 465,000 485,000 
Sri Lanka 10,914 11,178 10,039 10,000 * 11,000 
Thailand, beneficiated 157,900 159,186 162,215 160,000 * 160,000 
Turkey 1,064,107 914,117 792,044 ' 727,649 ' 800,000 
Uganda* 30,000 30,000 30,000 30,000 30,000 
Ukraine 1,731,000 2,172,000 1,775,000 1,119,000 1,120,000 
United Kingdom, sales’ 1,800,000 1,800,000 1,800,000 1,800,000 900,000 
United States? 7,470,000 7,110,000 6,740,000 5,290,000 5,420,000 5 
Uzbekistan? 5,500,000 5,500,000 5,500,000 5,500,000 5,500,000 
Venezuela* 10,000 10,000 10,000 10,000 10,000 
Vietnam* 650,000 650,000 650,000 650,000 650,000 
Zambia* 200 200 200 200 200 
Total 39,200,000 ' — 37,300,000* 36,900,000 ' 33,500,000 " — 33,200,000 


"Estimated. "Preliminary. "Revised. -- Zero. 


World totals, U.S. data, and estimated data are rounded to no mo 


18.24 


^Table includes data available through September 25, 2011. 


?In addition to the countries listed, China, Morocco, 


reliable estimates of output levels. 


*Data for year ending June 30 of that stated. 


"Reported figure. - 


“Includes crude and washed kaolin and refractory cla 


"Dry weight. 


"Kaolin sold or used by producers, 


ys not further described. 


and Suriname may also have produced kaolin, but information is inadequate to make 
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COBALT 
By Kim B. Shedd 


Domestic survey data and tables were prepared by Cheryl J. Crawford, statistical assistant, and the world production tables 
were prepared by Lisa D. Miller and Glenn J. Wallace, international data coordinators. 


In 2010, world production of refined cobalt increased by 28% to 
arecord quantity of more than 76,000 metric tons (t). The increase 
was the result of significant increases in production from many 
countries, including China, the world’s leading cobalt refiner. The 
United States did not refine cobalt in 2010. A negligible amount of 
byproduct cobalt was produced as an intermediate product from the 
mining and refining of platinum-group metal (PGM) ore. No cobalt 
was sold from the National Defense Stockpile (NDS) in 2010. Prior 
to 2010, the NDS had sold cobalt every year since cobalt sales 
began in 1993. 

According to the Cobalt Development Institute (2011), world 
apparent consumption of cobalt was approximately 61,000 t, about 
Ж more than that of 2009. Apparent consumption increased in 
China, Europe, other Asia, and the United States. While Chinese 
consumption did increase from that of 2009, some of that country’s 
apparent consumption was the result of a stockpile of 21,000 t of 
contained cobalt that had been accumulating since 2008 (Xu, 2011, 
P. 7). Cobalt prices trended downward in 2010. Salient U.S. and 
world cobalt statistics for 2006-10 are listed in table 1. 
| Cobalt is а metal used in numerous diverse commercial, 
Industrial, and military applications, many of which are 
considered strategic and critical. On a global basis, the leading 
use of cobalt is in rechargeable battery electrodes. Superalloys, 
which are used to make parts for gas turbine engines, are 
ios кз pe Оза, Cobalt is also used to make airbags 
das ; catalysts for the petroleum and chemical 
Industries: cemented carbides (also called hardmetals) and 
diamond tools; corrosion- and wear-resistant alloys; dryin 
agents for inks, paints, and varnishes: ыы” 

, rnishes; dyes and pigments; 
die Coats for porcelain enamels; high-speed steels; magnetic 
ing media; magnets; and steel-belted radial tires. 


Legislation and Government Programs 


Ae Logistics Agency (DLA), U.S. Department of 
ane и the name of the Defense National Stockpile 
(October | Apr Materials. Early in fiscal year 2010 
6tof cobalt >, through September 30, 2010), DLA sold 
Mene SM MM: at $284,000 under a basic ordering 
2010 (table 2) г по cobalt was sold during calendar year 

4-metric-ton | | ascal year sales represented only 1% of the 
under the 2010 ^ million-pound) maximum allowed for sale 
бой year 201 | UE Materials Plan (AMP). The AMP for 
was reduced to 3 tober 1, 2010, through September 30, 2011) 
total uncommitted "(06820 pounds), which was equal to the 
December 31 ec cobalt inventory held by DLA on 

: 2010. Sales of cobalt were curtailed in order 


to hol 
м a goal quantity equivalent to | year’s AMP (U.S. 
US of Defense, 201 l, p. 2, 6-7, 9) 
>. Department of En | e 
.. его | 
cntical materials used in clean e dc ie bs 
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nergy technologies. Although 


C EE 


included in the strategy because of its use in batteries for electric 
vehicles, cobalt was identified as “not critical" in terms of risk 
of supply disruption in the short (0—5 years) or medium 

(5-15 years) term, owing to a forecast of significant increases in 
global production (U.S. Department of Energy, 2010). 


Production 


With the exception of negligible amounts of byproduct cobalt 
produced from Stillwater Mining Co.'s PGM operation in 
southeastern Montana, the United States did not mine or refine 
cobalt in 2010. Cobalt-bearing nickel sulfate produced from 
Stillwater's mining and refining operations was sold to several 
companies. In late 2010, OJSC MMC Norilsk Nickel (Stillwater 
Mining’s majority shareholder) sold all of its equity interest in 
the company to an unspecified number of investors (Stillwater 
Mining Co., 2011, p. 9, 26). 

Formation Metals Inc. completed stage 1 construction of its 
Idaho cobalt mine, which consisted primarily of clearing timber 
from the site in preparation for laying foundations for mine site 
structures. The company continued to actively pursue financing 
for further construction, and received certificates of allocation 
from the State of Idaho for $77.7 million in Federal Stimulus 
Program Recovery Zone Facility Bonds. Formation’s Idaho 
Cobalt Project entailed an underground cobalt-copper-gold mine 
and mill complex in the Idaho Cobalt Belt in Lemhi County and 
retrofitted Big Creek hydrometallurgical complex near Kellogg, 
ID, to refine the concentrates. The refinery was to produce 
approximately 1,500 metric tons per year (t/yr) of cobalt as 
high-grade cathode suitable for critical superalloy applications. 
Formation estimated that construction would take 12 to 14 
months to complete (Formation Metals Inc., 2011, p. 5-9). 

Kennecott Minerals Co., a fully owned subsidiary of Rio 
Tinto (Melbourne, Australia, and London, United Kingdom), 
began construction at its Eagle project in Michigan. The 
small underground nickel-copper mine in the Eagle deposit 
in the Yellow Dog Plains area northwest of Marquette and 
rehabilitated mill in Humboldt Township would produce 
concentrate for export. At the proposed rate of 17,300 t/yr of 
nickel, an estimated 400 t/yr of cobalt would be produced during 
a 6-year mine life, based on nickel and cobalt grades in the 
resource. Kennecott planned to begin production in late 2013 
(Kennecott Eagle Minerals Co., 2010). 

The Minnesota Department of Natural Resources, U.S. Army 
Corps of Engineers, and U.S. Forest Service were preparing a 
supplemental draft environmental impact statement for PolyMet 
Mining Corp.'s NorthMet project. The project entailed open 
pit mining of the NorthMet polymetallic deposit in the Duluth 
Complex of northeastern Minnesota, refurbishing the crushing 
and grinding equipment in the company's nearby Erie plant, 
and adding a new beneficiation circuit and hydrometallurgical 


[9.1 


plant. PolyMet planned to develop the project in stages 

and sell separate copper and nickel concentrates during the 
construction and commissioning of the hydrometallurgical plant, 
which would produce copper cathode, a nickel-cobalt mixed 
hydroxide, and a precipitate of PGMs and gold. PolyMet and 
Swiss trading firm Glencore International AG had a strategic 
partnership whereby Glencore would invest in Polymet and 
purchase or market NorthMet's concentrates, intermediate 
products, and metal (PolyMet Mining Corp., 2011, p. 11—12, 
24—25). 

U.S. processors made cobalt chemicals and cobalt metal 
powders from refined cobalt materials and (or) cobalt-bearing 
scrap. U.S. Geological Survey (USGS) data on chemical and 
meta] powder production, shipments, and stocks were derived 
from a monthly voluntary survey of U.S. cobalt processors. 
Information from this survey was used to prepare the statistics 
on cobalt consumption and stocks in table 3. The sole producer 
of cobalt metal powder, Global Tungsten & Powders Corp. of 
Towanda, PA, produced the cobalt as a byproduct of tungsten 
recovered from cemented carbide scrap. U.S. production 
and shipments of cobalt metal powder are withheld to avoid 


disclosing company proprietary data. 


Consumption 


U.S. apparent consumption for 2010, as calculated from net 
imports, consumption from purchased scrap, and changes in 
Government and industry stocks, was 36% higher than that of 
2009 (table 1). The increase was primarily because net imports 
in 2010 were significantly higher than those of 2009. | 

U.S. reported consumption of cobalt in 2010 was 876 higher 
than that of 2009. Metallurgical industries used 9% more cobalt 
than in 2009; cobalt consumption for chemical uses was 3% 
higher. Reported consumption was derived by the USGS from 
voluntary surveys of U.S. operations. Most of the data on cobalt 
chemical uses were obtained from the cobalt processors survey. 
ond survey covered a broad range of metal-consuming 
such as cemented carbide, magnetic alloy, and 
roducers. For this survey, more than 60 cobalt 


ere canvassed on a monthly or annual basis. | 
ks data in tables | and 3 contain 


А sec 
companies, 
superalloy p 
consumers W 


| tion and stoc 
Reported consump 
212 to account for nonrespondents. 


Prices | 
S. spot price for cathode (minimum 
d bv Platts Metals Week, was 17% 
B — dep | Although the price fluctuated 
higher ш ч overall trend was downward. The highest 
during the ~ ; 0 to $24.50 per pound in mid-April, and the 
price was $23. 5 $16.00 to $17.25 per pound in late мүш 
lowest pium prices for Zambian cobalt тая 99.6% 
422 0 

Trends cud cobalt (minimum 99.5 % a t) s , 
cobalt) же for U.S. spot cathode. The annua! ave | m 
similar to" pe r Zambian cobalt was $19.22 per 4 = Е 
weekly gunt И f weekly prices for Russian cobalt w 
annual aver 


und. ME) la 
$19.44 per PO” exchange (LM 
z d porius Cobalt metal was tra 
contrac 


The annual average U. 


unched a cobalt futures 
ded in 1-métric-ton 


19.2 


lots (in 100- to 500-kilogram drums) of minimum 99.3% cobalt 
with impurities specified by the producer for each LME approved 
brand, to warehouses in Antwerp, Baltimore, Rotterdam, and 
Singapore. The transactions were by open outcry ring trading, on 
an electronic trading platform, and by an interoffice telephone 
market. By yearend, cobalt from the following 11 producers 
had been approved for delivery: Jiangsu Cobalt Nickel Metal 
Co. Ltd., Jinchuan Group Ltd., Kasese Cobalt Co. Ltd., Mopani 
Copper Mines Plc, Nicomet Industries Ltd., OJSC MMC Norilsk 
Nickel, Sichuan Ni & Co Guorun New Materials Co. Ltd., 
Sumitomo Metal Mining Co., Ltd., Vale Inco Ltd., Votorantim 
Metais Niquel SA, and Yantai Cash Industrial Co. Ltd. Even 
before the cobalt contract was launched, some companies were 
planning to use LME cobalt prices as reference prices in their 
sales contracts. In general, trends in LME cobalt prices were 
similar to trends in spot prices reported by Metal Bulletin, 
although beginning in mid-September, changes in LME price 
trends usually preceded those of Metal Bulletin. Yearend LME 
inventory levels are listed in table 1 (London Metal Exchange 
Ltd., The, 2010; Metal Bulletin, 2010b; Taarland, 2011, p. 9). 

Financial services companies such as Credit Suisse Group 
and Standard Bank offered financial products based on cobalt, 
including hedging and speculation products and option and swap 
contracts (Southgate, 2010). 


Foreign Trade 


Net import reliance as a percentage of apparent consumption 
is used to measure the adequacy of current domestic production 
to meet U.S. demand. Net import reliance was defined as 
imports minus exports plus adjustments for Government. 
and industry stock changes. Releases from stocks, including 
shipments from the NDS, were counted as part of import 
reliance, regardless of whether they were originally imported ог 
produced in the United States. In 2010, net import reliance as 
a percentage of apparent consumption was 81%. Because there 
was no measurable U.S. primary cobalt production in 2010, this 
indicates that 81% of U.S. cobalt supply was from imports and 
stock releases of primary cobalt and 19% was from domestic or 
Imported scrap. 

E 2010, к basis of contained cobalt, the United pe 
imported 4496 more cobalt than it did in 2009 (tables Eus 
countries supplied 8796 of U.S. imports. China was - eacing 
supplier, followed by Russia, Norway, F inland, ат ТР 
Belgium, Zambia, Congo (Kinshasa), Canada, and the 
Kingdom. | 

The United States imported 202 t, gross weight, Pu 
cobalt alloys valued at $8.9 million. Most of these pus ) The 
were from Canada (4896) and the United Kingdom d у м 
United States imported 819 t, gross weight, of coba d nes 
scrap valued at $12.9 million. Seven countries supp Sido 
90% of this material—the United Kingdom (32 p ET 
(2896), Japan (1196), Germany (7%), France ano 5 опей 2021, 
each), and Canada (3%). The United States 22 * 
gross weight, of wrought cobalt and cobalt artic > jen 
$19.1 million. The leading suppliers of шее paia (15%), 
the United Kingdom (30%), Germany (20 2. 

Belgium and France (12% each), and Japan (670). 
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US. exports of unwrought cobalt and cobalt contained in 


? chemicals increased by 8% compared with those of 2009. 


As listed in table 6, the leading destinations for these exports 
were Ireland, France, the United Kingdom, Canada, Belgium, 
Germany, and Japan. The United States also exported 

1,680 t, gross weight, of wrought metal and cobalt articles 
valued at $96.2 million. 


World Review 


Cobalt was produced as a byproduct of copper, nickel, 
and other metals, and as a primary product. Primary cobalt 
production included Moroccan mine and refinery production, 
the artisanal mining of the mineral heterogenite in Congo 
(Kinshasa), and the recovery of cobalt from previously 
stockpiled intermediate materials [for example, slags in Congo 
(Kinshasa) and Zambia], which were processed primarily to 
recover cobalt. 

Refinery capacity by country is listed in table 7. Plants that 
processed refined cobalt, used secondary materials (scrap) as 
their main source of feed, or produced a cobalt product that 
required further refining were not included. 

The European Commission reported the results of a study of 
41 economically important minerals and metals. Cobalt was 1 of 
M raw materials identified as critical for European Union supply 
vithin 10 years, based on their high economic importance 
and high risk of supply shortage relative to other materials 
in the study. For cobalt, the high risk of supply shortage was 
because a large share of worldwide production comes from 
Congo (Kinshasa). This was compounded by limited options for 
Substitution (European Commission, 2010, p. 5—6, 23, 36). 

The following review by country focuses on operations 
| гаа during 2010. Expansions to those operations, 
: : ton restarts, and greenfield projects that were forecast to 

pude between 2011 and 2015 are listed in table 8. 
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Western Australia, 1696 less than the 2,350 t produced in 2009. 
The decrease was attributed to plant shutdowns for statutory 
maintenance and to repair an autoclave pipeline failure. 
Minara's demonstration plant for recovering nickel and cobalt 
by heap-leaching stockpiled ore-reject material provided 83 t of 
the cobalt produced. In addition to feed from its own operations, 
Minara also processed ore from Western Areas NL’s Spotted 
Quoll Mine in 2010 (Minara Resources Ltd., 2011a, p. 16, 
18—19; b, p. 24). 

OJSC MMC Norilsk Nickel's Western Australian nickel 
operations remained on care-and-maintenance status throughout 
the year. In December, Norilsk announced that it planned to 
restart production from the Lake Johnston nickel sulfide mine 
and mill during the first half of 2011 (OJSC MMC Norilsk 
Nickel, 2010, p. 36; 2011, p. 69—70). 

Panoramic Resources Ltd. produced concentrates containing 
364 t of cobalt (420 t in 2009) from its Savannah underground 
nickel-copper sulfide mine operation in Western Australia. The 
concentrates were shipped to Jinchuan's operations in China 
under a long-term offtake agreement (Panoramic Resources 
Ltd., 2010, p. 5; 2011, p. 6). 

Xstrata Nickel Australasia produced 245 t of cobalt in nickel 
sulfide concentrates from the Cosmos and Sinclair operations 
in Western Australia, compared with 459 t in 2009. All the 
concentrates were sent to Xstrata Nickel's Sudbury smelter in 
Ontario, Canada (Xstrata plc, 2011b). 

Belgium.— According to the Cobalt Development Institute 
(2011), Umicore's 2010 cobalt refinery production increased to 
2,600 t from 2,150 t produced in 2009. The company attributed 
the increase to greater availability of scrap resulting from higher 
prices and higher levels of downstream production. Umicore 
converted cobalt metal, residues, and other cobalt-bearing 
materials into a wide range of cobalt specialty products, including 
metal powders, hydroxides, oxides, salts, and compounds. 
Umicore refined cobalt at plants in Olen, Belgium, and Ganzhou, 
China. The company processed cobalt at plants in Arab, AL, in 
the United States; Bruges, Belgium; Fort Saskatchewan, Alberta, 
Canada; Jiangmen and Shanghai, China; and Cheonan, Republic 
of Korea. Umicore was expanding the production capability 
of its plants in Cheonan and Jiangmen to include nickel- 
manganese-cobalt cathode materials for lithium-ion batteries, 
began construction on a new battery material plant in Kobe, 
Japan, and was building an industrial-scale recycling facility for 
spent rechargeable batteries and battery manufacturing scrap in 
Hoboken, Belgium (n.v. Umicore, s.a., 2011, p. 5, 26, 70). 

Botswana.—Tati Nickel Mining Co. Pty. Ltd. (a Norilsk 
subsidiary) mined the Phoenix open pit and produced nickel-copper 
sulfide concentrates, which were toll-smelted by BCL Ltd. in 
Botswana. BCL also smelted concentrate from its Selebi-Phikwe 
operation in Botswana and the Nkomati Mine in South Africa. 
Matte produced by BCL was refined by RioZim Ltd. in Zimbabwe 
and Xstrata Nickel in Norway (Botswana Gazette, 2009; OJSC 
MMC Norilsk Nickel, 2010, p. 37). 

Brazil.—Votorantim produced cobalt cathode at its refinery in 
Sao Miguel Paulista, Sao Paulo State, from lateritic 
nickel-cobalt ore mined from Niquelandia, Goias State and 
nickel sulfide concentrate from Mirabela Nickel Ltd. The 
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company also produced nickel matte, primarily from sulfide ores 
mined and smelted at Fortaleza de Minas, Minas Gerais State. 
Mirabela Nickel continued to ramp up production from 
its Santa Rita open pit nickel sulfide mine and concentrator 
in Bahia State, and by yearend, produced 179 t of cobalt in 
concentrate (14 t in 2009). АП concentrate produced from Santa 
Rita was committed via offtake agreements with Votorantim 
(50%) and Norilsk (50%) (Mirabela Nickel Ltd., 2011). 
Canada.— Vale S.A. (formerly Vale Inco Ltd.) produced 
1,066 t of cobalt in 2010, 32% less than the 1,575 t produced 
in 2009. Production during the past 2 years was reduced by 
labor strikes at its operations in Sudbury from July 2009 to 
July 2010 and Voisey's Bay from August 2009 through January 
2011. Vale reported production in the form of cathode, 438 t, 
from its Port Colborne, Ontario, refinery; cobalt hydrate, 499 t, 
from its Thompson, Manitoba, refinery; and cobalt contained 
in unrefined products such as nickel concentrates, 129 t. Vale's 
cobalt originated from nickel sulfide ores from company mines 
at Sudbury, Ontario; Thompson, Manitoba; and Voisey's Bay in 
northeastern Labrador; and purchased feedstocks. Vale reported 
the following distribution of sources for its cobalt production: 
Voisey's Bay, 524 t (971 t in 2009); Ontario, 302 t (359 t in 2009); 
Manitoba, 189 t (181 t in 2009); and external sources, 51 t (64 t 
in 2009). Concentrates from Voisey's Bay are being smelted and 
refined at Sudbury and Thompson until the Long-Harbour refinery 
is operational (table 8). Vale planned to phase out smelting and 
refining at Thompson by 2015 (Vale S.A., 2011, p. 35-36, 44-45). 
Xstrata Nickel produced 341 t of cobalt in concentrates 
from mines at Sudbury (277 t in 2009) and 567 t of cobalt in 
concentrate from its Raglan Mine in Quebec (586 t in 2009). 
Nickel-copper matte containing 2,634 t of cobalt was produced 
at the company’s Sudbury smelter (2,476 t in 2009); this was 
refined at Xstrata's Nikkelverk refinery in Norway. Some of the 
cobalt in the matte originated from ores produced at company 
mines in Australia and Canada and some originated from custom 
feed materials, which were primarily nickel concentrates, 
ickel-copper-cobalt secondary materials (scrap), and 
: balt white alloy purchased from Glencore. Custom 
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was from purchased feed materials. During 2010, the 
joint-venture partners reviewed alternative strategies for 
completing the phase 2 expansion of the refinery, which was 
suspended in 2008. As a result of a United States embargo on 
imports of products originating from Cuba, cobalt and nickel 
produced by Sherritt cannot be sold to customers in the United 
States (Sherritt International Corp., 2011, p. 7-8, 10). 

First Nickel’s Lockerby Mine was on care-and-maintenance 
status all year. In 2010, Liberty Mines produced nickel sulfide 
ore from its Redstone.and McWatters Mines near Timmins, 
Ontario, which was processed at the company’s Redstone Mill. 
The resulting concentrates, containing 17 t of cobalt in 2010, 
were shipped to Xstrata Nickel’s smelter in Sudbury (Liberty 
Mines Inc., 2011, p. 1-4). 

China.—China’s total production of refined cobalt was 
nearly 34,000 t, which made it the world’s leading producer. 

In 2010, only a small portion of China’s cobalt production 
originated from domestic mines or recycled scrap. Most of 
the production was from imported ores, concentrates, and 
semirefined materials, the majority which was sourced from 
Congo (Kinshasa). CRU International Ltd. (London, United 
Kingdom) estimated that China imported 35,300 t of cobalt 
contained in ores, concentrates, and semirefined materials in 
2010, up from 24,900 t in 2009. China’s imports of cobalt ores 
and concentrates increased by 11% and imports of semirefined 
materials more than doubled in 2010 compared with those of 
2009 (Collignon, 2011, p. 7-8; CRU International Ltd., 2011, 
p. 7; Xu, 2011, p. 5, 7). 

Numerous companies refined and (or) processed cobalt 
in China. The leading four refiners were Jinchuan, Zhejiang 
Huayou Cobalt Nickel Materials Co., Ltd., Zhejiang Galico 
Cobalt & Nickel Material Co., Ltd., and Ganzhou Yi Hao | 
Umicore Industries, listed in descending order of 2010 estimated 
cobalt production. Jinchuan produced cobalt as cathode and 
other products from its refinery at Jinchang, Gansu Province. 
Some of Jinchuan’s cobalt production was from domestic 
nickel-copper-cobalt sulfide ores mined and refined at Jinchang 
and some was from other cobalt or nickel feeds. Jinchuan's other 
feeds included cobalt intermediates (chemical compounds), | 
which were either imported or produced in China from importe 
concentrates; nickel-copper concentrates from Australia, Spain, 
and Zambia; nickel concentrates from Australia; and nickel 
matte from BHP Billiton (Metal Bulletin Daily, 2009; CRU 
International Ltd., 2011, p. 4, 6). 4% 
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the export of unrefined minerals. The governor of Katanga 
Province, where copper and cobalt were mined, then signed a 

law that allowed companies to export concentrates if they paid a 
tax of $60 per metric ton (Kavanagh, 2010). 

The Government of Congo (Kinshasa) completed its review 
of mining contracts signed between private companies and the 
Government or Government-owned companies. The review, 
which began in 2007, was intended to evaluate whether each 
contract gave a fair share of its revenues to the country and 
to determine whether it should be maintained, renegotiated, 


_ orterminated. The contract for the Kolwezi Tailings project, 


which was being developed by First Quantum, was terminated 

in early 2010. As a result, First Quantum and the project's other 
contributing partners commenced international arbitration on the 
matter (First Quantum Minerals Ltd., 2011, p. 32—33). 

Korea Resources Corp. and Korea Water Resources Corp. 
signed an agreement for two ventures with Congolese mining 
company 5.А. Groupe George Forrest and international 
investment firm Alfonso Rowemberg Korea Ltd. Under the 
agreement, the South Korean companies were to assist in 
dam building, water system, and other infrastructure projects 
including a cobalt processing plant, in exchan ge for supplies of 
copper, cobalt, and uranium (Chung-un, 2010). 

La Générale des Carriéres et des Mines (Gécamines) produced 
145 t of refined cobalt, compared with 415 t produced in 2009 
(Cobalt Development Institute, 2011 ). 

Kamoto Copper Co. SARL (KCC, a joint venture of Katanga 
Mining Ltd. and Gécamines) increased its production of 
cobalt cathode to 3,437 t from 2,534 t in 2009. The company's 
Luilu refinery processed concentrates produced at the Kamoto 
concentrator from ore extracted from the Kamoto underground 
mine, T17 open pit, and the large Kamoto-East Olivera Virgule 
(КОМ) ореп pit mine, which began commercial production 
12010. During the year, the company continued to make 
improvements at the mines, concentrator, and refinery, and 
Weis that it planned additional increases in capacity 
- р = — agreement for all of KCC’s 
Concentrate was sold to А Е с i 
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Luiswishi Mine and Kipushi concentrátor. Production in 2009 
was only 437 t of cobalt in concentrate because of a temporary 
suspension of operations that began in late 2008 in response 
to low demand and prices (Harrison, 2008; La Générale des 
Carriéres et des Mines, undated). 

The Big Hill smelter at Lubumbashi [operated as a joint venture 
between Gécamines, OM Group, Inc. (OMG), and Groupe 
George Forrest] processed stockpiled slag to produce alliage 
blanc, an alloy of cobalt and copper, which was refined at OMG's 
Kokkola refinery in Finland. In 2010, the smelter produced 4,232 
t of cobalt contained in alliage blanc, compared with 4,590 t in 
2009 (George Forrest International S.A., 2010; La Générale des 
Carriéres et des Mines, undated). 

Freeport-McMoRan Copper & Gold Inc. (FCX) produced 
9,302 t of cobalt in hydroxide from its Tenke Fungurume project, 
compared with approximately 1,360 t (3 million pounds) in 2009. 
The project, between the towns of Kolwezi and Likasi, comprised 
open pit mining of sediment-hosted copper-cobalt ore, recovering 
the metals by agitation leaching, and SX—EW to produce copper 
cathode and cobalt hydroxide. FCX was planning a second phase 
of the project, which would optimize production from the current 
plant and expand its capacity. By yearend, the Governement of 
Congo (Kinshasa) had completed its review of Tenke Fungurume 
Mining S.A.R.L.'s mining contracts. As part of the review, the 
contracts were amended to increase Gecamines ownership in 
Tenke Fungurume to 2096. FCX's ownership was reduced to 5696 
and Lundin Mining Corp.’s to 24% (Freeport-McMoRan Copper 
& Gold Inc., 2011, p. 43; La Générale des Carriéres et des Mines, 
undated). 

Chemaf SPRL mined copper-cobalt oxide ores from the Etoile 
open pit mine and processed run-of-mine ore, concentrates, and 
purchased ore at its SX—EW plant at Usoke in Lubumbashi. The 
plant produced 2,744 t of cobalt contained in carbonate, slightly 
less than the 2,780 t produced in 2009 (Shalina Resources Ltd., 
2010; undated). 

Metorex Ltd.'s Ruashi operation north of Lubumbashi 
comprised mining copper-cobalt oxide ores from open pits 
and then milling and processing the ore in the Ruashi phase 2 
SX-EW refinery. In 2010, production of cobalt in carbonate 
increased to 3,580 t from 2,198 t in 2009. Gécamines had a 25% 
interest in the Ruashi operation (Metorex Ltd., 2011, p. 36-37). 

Société Miniére du Katanga sprl (Somika) mined and 
beneficiated copper-cobalt ore and refined the concentrate at its 
hydrometallurgical copper refinery in Lubumbashi. The refinery 
had the capacity to produce 2,160 t/yr of cobalt hydroxide 
(Société Miniére du Katanga sprl, undated). 

CuCo Resources Ltd. (Toronto, Ontario, Canada) 
commissioned a cobalt beneficiation plant at its Kisanfu 
property in the Kolwezi mining district. The commercial plant, 
which was expected to produce 3,000 t of cobalt in concentrates 
during the second half of 2011, was an expansion of a small 
pilot plant built by the company. Concentrates produced at 
Kisanfu were to be sold to Somika for processing (Metal 
Bulletin, 2010a; CuCo Resources Ltd., 2011). 

Cuba.—Moa Nickel S.A. (part of the 50—50 joint venture 
between Sherritt and General Nickel) mined nickel-cobalt laterites 
at Moa Bay, Holguin Province, and produced mixed sulfides, which 
were sent to the joint venture's Fort Saskatchewan refinery in 


Canada. In 2010, the mixed sulfides contained a record 

37,745 t of nickel and cobalt, slightly more than the 37,328 t 
produced in 2009. The increase in production was mainly attributed 
to stable operating conditions at the recently expanded Moa plant. 
During the year, the joint-venture partners reviewed alternative 
strategies for the completion of the phase 2 expansion of the plant, 
which was suspended in 2008 (Sherritt International Corp., 2011, 

p. 7-8, 10). 

The Ernesto Che Guevara and Rene Ramos Latour Mining 
and Metallurgical Combines also mined nickel-cobalt laterites 
and produced mixed nickel-cobalt sulfides in Holguin Province. 
Nickel and cobalt of Cuban origin cannot be imported into the 
United States because of a United States embargo on imports 
from Cuba. 

Finland.—OMQG's production of refined cobalt, as metal 
powders, briquettes, oxides, and compounds, was 5% higher 
than that of 2009. The company's Kokkola Chemicals Oy 
refinery processed raw materials sourced primarily from Congo 
(Kinshasa), Finland, and Russia. Most of the feed was alliage 
blanc from the Big Hill smelter in Congo (Kinshasa), crude 
cobalt hydroxide from Norilsk's Monchegorsk nickel refinery 
in Russia, and cobalt sulfate solution from Norilsk's Harjavalta 
nickel refinery in Finland. OMG also refined materials from 
other sources, such as ores and concentrates, sulfides, metallic 
feeds, and secondary materials (scrap) (OM Group, Inc., 2011, 
р. 6-7, 33; Thomson Reuters, 2011, p. 12). E 

Talvivaara Mining Co. Plc continued to ramp up and optimize 
production from its polymetallic sulfide mine and bioheap-leaching 
operation in Sotkamo in central Finland. As part of its plan to 
increase the operation’s production capacity, the company added a 
duction line to its metal recovery plant (table 8). During 
e company sold nickel-cobalt sulfide containing 941 of 
at Harjavalta (Talvivaara Mining 


second pro 
the year, th | 
cobalt to Norilsk for processing 


2011, p. 5—7). ога ni 
poer anm Ltd. purchased the Hitura nickel-copper 


‘ne from administrators and restarted production. 
6 concentrates containing an estimated 37 t of ОЕ 
cobalt were sold to Jinchuan 1n 2010 (Belvedere Resources Ltd., 
2011, p. s Eramet Group's production of cobalt chloride 
а at Sandouville was 189^ less than that produced 

mee а F ed ей the refinery was nickel matte imported from 

in 2009. КЫША Le Nickel SLN's Doniambo smelter in New 

Eramet su (Cobalt Development Institute, 2011). 

Caledonia According to an estimate by the Cobalt Development 
pup iD India's cobalt production increased by 19% 

ue е 62 009. Nicomet Industries Ltd. and Rubamin Ltd. 
om . ducers. 

were India's yrs ini i Nickel Indonesia Tbk (PT Inco) 
Indonesia. matte from lateritic ores at its integrated mining 
pun инн оп пеаг Sorowako on Sulawesi Island. 

and smelti 


‘veries 1 d to 1,196 t from 
. 4 in matte deliveries increase , 
Cobalt contained m^ ts entire matte production to Vale 


о Inco sold 1 
891 t in 2009. lei Metal Mining Co., Ltd. (20%) ncn 
oe = an (PT International Nickel Indonesia Tbk, 
long-term con 


2011, p. 175). 


]9.6 


PT Antam Tbk exported lateritic nickel-cobalt ore to 
Queensland Nickel’s Yabulu refinery for processing (CRU 
International Ltd., 2011, p. 4). 

Japan.—Sumitomo’s production of electrolytic cobalt at its 
Niihama nickel refinery increased by 45% from that of 2009, 
as a result of an increase in nickel-cobalt mixed sulfide feed 
from the Coral Bay Nickel Corp. plant in the Philippines. The 
refinery also processed nickel matte from BHP Billiton's Nickel 
West operations and PT Inco in Indonesia. Sumitomo planned 
to increase Niihama's production capacity to accommodate 
the nickel-cobalt mixed sulfide feed that would be generated 
from its Taganito project in the Philippines (table 8) (Cobalt 
Development Institute, 2011; CRU International Ltd., 2011, 

p. 4; Sumitomo Metal Mining Co., Ltd., 2011). 

Morocco.—Cie. de Tifnout Tighanimine (CTT) produced 
cobalt hydroxide at its processing plant at Bouazzer and 
cobalt cathode and oxide at its Guemassa hydrometallurgical 
refinery north of Marrakech. CTT's cobalt production was from 
domestic cobalt-arsenic deposits and heterogenite imported from 
Congo (Kinshasa). 

New Caledonia.—Vale nearly completed the commissioning 
of its Vale New Caledonia project in the southern tip of New 
Caledonia's main island. The project, which was originally 
called Goro, comprised a nickel-cobalt laterite mme, high 
pressure acid leaching processing plant, and refinery. Initial 
production was in the form of an intermediate nickel-cobalt | 
hydroxide cake, which was sold to other companies for refining. 
Vale expected to ramp up production during a 3-year period to 
reach the nominal production capacity of 60,000 t/yr of nickel 
contained in nickel oxide and 4,600 t/yr of cobalt contained in 
cobalt carbonate. Vale's partners in the project were Sumitomo 
Metal Mining, Mitsui & Co., Ltd., and Société de Participation 
Miniére du Sud Calédonien S.A.S., listed in order of percent 
share (Vale S.A., 2011, p. 37). 

Lateritic nickel-cobalt ore was exported to Queensland 
Nickel’s Yabulu refinery for processing. Nickel matte from Le 
Nickel SLN’s Doniambo smelter was sent to Eramet's refinery 
in Sandouville, France, where nickel products and cobalt 
chloride were produced. tits 

Norway.—Xstrata Nickel’s production of cobalt cathode | | 
Nikkelverk refinery was 9% less than that of 2009. The — 
originated from Xstrata Nickel mines in Australia and ips a, 
recycled materials, and custom feeds, which included ma A 
from Botswana processed under a long-term n 2. 
BCL, and copper-cobalt white alloy purchased from G = p 
The white alloy agreement included a metal return о 
for cobalt. In 2010, Xstrata purchased 15 t of cobalt in wil 

| f cobalt metal (297 t 
alloy (250 t in 2009) and returned 64to ie cobalt 
in 2009). Glencore was the sole distributor of Xstra aer ga 
In 2010, Xstrata sold 3,104 t of cobalt to Glencore ER 
2009) (CRU International Ltd., 2011, р. 4; Xstrata ple, 

p. 205; b). ый 
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operation at the Rio Tuba nickel laterite mine on Palawan 

Island. The mixed sulfide was refined by Sumitomo in Japan. 
Russia. —Norilsk conducted nickel-copper sulfide mining, 

ore beneficiation, concentrate smelting, and metal refining on 

the Kola and Taimyr Peninsulas. Cobalt from ores mined on the 

Taimyr Peninsula was refined to metal at the company’s nickel 

plant at Norilsk. According to the Cobalt Development Institute 

(2011), the company produced 2,460 t of refined cobalt, 5% 

more than the 2,352 t produced in 2009. At Norilsk's nickel 

plant in Monchegorsk on the Kola Peninsula, high-grade matte 

produced from both regions was refined. The intermediate 

cobalt hydroxide produced from the matte was sent to OMG’s 


. operations in Finland under a 5-year supply agreement that 


began in 2007. Under this agreement, Norilsk was to supply 
OMG with up to 2,500 t/yr cobalt metal, up to 2,500 t/yr of 
cobalt contained in cobalt hydroxide, and up to 1,500 t/yr of 
cobalt contained in cobalt sulfate solution. In 2010, Giproproekt 
Institute began to develop detailed designs for the production of 
electrolytic cobalt at Monchegorsk (OJSC MMC Norilsk Nickel, 
2011, p. 7-9, 23; OM Group, Inc., 2011, p. 6; Thomson Reuters, 
2011, p. 12). 

South Africa. —The Nkomati nickel sulfide mine (a joint 
venture of African Rainbow Minerals Ltd. and Norilsk) produced 
667 tof cobalt in 2010, two times the 333 t produced in 2009. 
The increase resulted from progress on the Nkomati large-scale 
Expansion project. At full steady-state production, forecast for 
2013, the mine was expected to produce 1,000 t/yr of cobalt in 
concentrates (African Rainbow Minerals Ltd., undated; 201 1a, 
p. 19-20; 20115, р. 63). 

Cobalt was also produced as a byproduct from some of South 
Africa's РОМ operations. Two companies produced refined 


| cobalt. Rustenburg Base Metals Refiners (Proprietary) Ltd. (a 


| subsidiary of Anglo American plc) produced cobalt sulfate at 


s шыны refinery near Rustenburg, Northwest Province. 
company was increasing the nickel capacity of the refinery 


| 
| 033,000 tyr from 21,500 t/yr; an equivalent increase in cobalt 


1. Was expected (table 8). Impala Platinum Ltd. produced 
metal powder at its base-metals refinery near Springs, 


G . 
auteng Province. Some of the cobalt produced by Impala was 


recove 
ered from concentrates produced at the Mimosa platinum 
ne in Zimbabwe. Two other 


platinum producers—Lonmin plc 
аа Ltd.—operated base-metal refineries + 
Е ud sulfate containing cobalt. 
HP Ining Corp. $ Aguablanca open pit 
Tine and processing plant in Badajoz Province 
-copper concentrate containing an estimated 


I30t bam 
Sales чы усы it sold to Glencore under a long-term 
yearend followin Perattons at Aguablanca were suspended at 


8a significant slope failure th 
tain pe failure that affected th 
aa to the pit (Lundin Mining Corp., 2010). | 

"b И - Cobalt Co, Ltd. produced cobalt cathode from 

poces at it ma using a bacterial leaching-SX-EW 

Polti rates А ге пегу In southwestern Uganda. At current 
The кен е oe Was expected to be exhausted in 

nearby Kilembe г. Oped that production would restart at the 

vis ein ime, so that more feed would become availabl 

ery (Metal Bulletin, 2009). Ha 
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Zambia.—Mopani Copper Mines produced 1,092 t of cobalt 
metal at its Nkana cobalt refinery, a decrease from the 1,271 t 
produced in 2009 and 1,458 t produced in 2008. Approximately 
73% of the cobalt originated from company sources, mainly the 
Nkana underground copper-cobalt mine; the remaining 27% 
originated from third party sources (Glencore International plc, 
2011a, p. 12; b, p. 72). 

ENRC completed its acquisition of Enya Holdings BV, which 
held a 9096 interest in Chambishi Metals plc. The Chambishi 
refinery produced 3,265 t of cobalt metal, a significant increase 
from the 235 t produced in 2009. Feed for the refinery was 
mined in Congo (Kinshasa), and included carbonate from Luita 
and hydroxide from Tenke Fungurume (Platts Metals Week, 
2010; Cobalt Development Institute, 2011; Eurasian Natural 
Resources Corp. PLC, 2011a, p. 19, 31, 40). 

Konkola Copper Mines Plc (KCM) mined copper ores from 
its Nchanga and Konkola operations. The company's main 
source of cobalt was its Nchanga open pit. Cobalt in concentrate 
was processed to a copper-iron-cobalt alloy at the company's 
Nchanga copper smelter in Chingola. KCM planned to expand 
the cobalt production capacity of the smelter (table 8) (Finfacts, 
2010; Vedanta Resources plc, 2010, p. 15). 

МЕС Africa Mining plc [85% China Nonferrous Metal Mining 
Group Co. Ltd. (CNMC) and 1596 ZCCM Investments Holdings 
Plc.] made investments at its Luanshya Copper Mine operation, 
which included upgrading the concentrator and installing a new 
hoisting system at the Baluba copper-cobalt mine (Chulu, 2010; 
Platts Metals Week, 2011). 

Chambishi Copper Smelter Ltd. (a joint venture between 
CNMC and Yunnan Copper Industry Group Co. Ltd.) smelted 
concentrates from NFC Africa Mining's Chambishi Mine and 
other Zambian copper mines. The smelter had the capacity to 
produce 150,000 t/yr of copper and 2,800 t/yr of cobalt. Equinox 
Minerals Ltd. had an offtake agreement with Chambishi Copper 
Smelter to process copper concentrates from its Lumwana Mine. 
Equinox also sent Lumwana concentrates to KCM's Nchanga 
smelter for processing (Interfax China Ltd., 2008; Equinox 
Minerals Ltd., 2011, p. 18). 

Metorex produced 42 t of cobalt in cobalt carbonate at its 
Sable Zinc copper electrowinning plant near Kabwe, compared 
with 39 t produced in 2009. The low cobalt production levels 
in recent years were attributed to the low cobalt grades of the 
Zambian copper concentrates processed by the plant (Metorex 
Ltd., 2011, p. 40-41). 

Albidon Ltd. restarted concentrate production at its Munali nickel 
mine in southern Zambia. Shipments of nickel-copper-cobalt-PGM 
sulfide concentrate from Munali to Jinchuan resumed in April 
(Albidon Ltd., 2010). 

Zimbabwe.—Bindura Nickel Corp.'s Shangani and Trojan 
nickel sulfide mines, smelter, and refinery remained on 
care-and-maintenance status throughout the year. The company 
developed plans to resume production from the Trojan mine 
and concentrator. Nickel concentrates would be sold for further 
processing until the smelter and refinery were restarted. Cobalt 
hydroxide was one of the products from the company's refinery 
(Mwana Africa PLC, 2010, p. 11, 13). Aquarius Platinum Ltd. 
produced 79 t of cobalt from its Mimosa platinum mine (74 t in 


2009). The concentrates were refined by Impala in South Africa 
(Aquarius Platinum Ltd., 2010, p. 13; 2011, p. 13). 


Outlook 


Trends in cobalt consumption closely follow those of global 
industrial production. The global economic downturn that began 
in late 2008 resulted in reduced demand for cobalt in 2008 and 
2009, affecting all major end-use sectors. As global economic 
conditions improved in 2009 апа-2010, cobalt consumption 
increased. In 2010, there was a firm recovery in superalloy 
orders, particularly from the aerospace sector, and growth in 
cobalt consumption for superalloy production was forecast to 
rise by about 1096 per year during 2011—13. In the rechargeable 
battery market, strong growth during the first half of 2010 was 
followed by a slowdown during the second half owing to a 
weakening of consumer confidence and reduced demand for 
electronic devices. In spite of this, cobalt consumption to make 
rechargeable batteries was forecast to increase by 1476 per year 
during 2011-13 (Collignon, 2011). 

During the first half of 2011, the world production of refined 
cobalt was estimated to be 1394 higher than that of the first 
half of 2010. In the next few years, global increases in supply 
from existing producers and new projects are forecast to 
outpace increases in consumption. In addition, prices during 
2010 and early 2011 were still above the estimated marginal 
cost of cobalt production of approximately $13.50 per pound. 
Thus, if an oversupply of cobalt were to take place, it could put 
downward pressure on near term prices (Collignon, 2011; CRU 


International Ltd., 2011, p. 6). 
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TABLE 1 
SALIENT COBALT STATISTICS! 


(Metric tons, cobalt content, unless otherwise specified) 


2006 2007 2008 2009 2010 


United States: 
Consumption: 
Apparent И 9640 1000 — 7,580" 10300 
Stocks, December 31: 
Industry? 731 620 582 525' 630 
London Metal Exchange (LME), U.S. warehouse XX XX XX XX 23 
U.S. Government 1,290 676 473 293 301 
Price, metal’ dollars per pound 1722 30.55 39.01 17.86 20.85 
World: 
Production: 
Mine 70,000! 71,700" 76,400" 172,100" 89,500 * 
Кейпегу 53,800 53,200 57,300" 59,700" 76,400 
Stocks, December 31, LME XX XX XX XX 278 _ 


*Estimated. "Revised. XX Not applicable. 
!Data are rounded to no more than three significant digits, except prices. 


Stocks held by cobalt processors and consumers. 
Defense Logistics Agency, DLA Strategic Materials (formerly Defense National Stockpile Center). Data for 
2006 include material committed for sale pending shipment; data for 2007-10 are uncommitted material only. 


^ Annual average U.S. spot price for minimum 99.8% cobalt cathode reported by Platts Metals Week. 
Sstocks held in Asia, Europe, and the United States. 


TABLE 2 
U.S. GOVERNMENT NATIONAL DEFENSE STOCKPILE 


SALES AND SHIPMENTS! 


(Metric tons, cobalt content) 


2009 | 2010 


Sales: 
Fiscal year? 187 6 
Calendar year 169 -- 
Shipments:” 
Fiscal year? 192 3 
Calendar year 180 -8 
-- Zero. 


!Data are rounded to no more than three significant digits. 
?Twelve-month period ending September 30 of year stated. 


3Calculated from yearend inventory levels. Yearend data are 
uncommitted material only. Negative numbers are the result 


of inventory adjustments. 


Source: Defense Logistics Agency, DLA Strategic Materials 
(formerly Defense National Stockpile Center). 
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TABLE 3 
U.S. REPORTED CONSUMPTION AND STOCKS OF COBALT"? 


(Metric tons, cobalt content) 


2009 2010 
Consumption by end use: 
Steels 520! 550 
Superalloys 3,570 ' 3,740 
Alloys, excludes steels and superalloys: 
Magnetic alloys 287! 357 
Other alloys! 331! 364 
Cemented carbides‘ 503 696 
Chemical and ceramic uses 2,190 2,260 
Miscellaneous and unspecified 63 63 
Total 7,470 ' 8,030 
Consumption by form: 
Chemical compounds, organic and inorganic? . 2,130 2,180 
Metal | 3,550 ' 3,860 
Purchased scrap 1,790 2,000 
Total 7,470 ' 8,030 
Stocks, December 31:5 
Chemical compounds, organic and inorganic? 171 173 
Metal W W 
Purchased scrap W W 
Total 525 ' 630 
"Revised. W Withheld to avoid disclosing company proprietary data; included in 
“Total.” 


Data are rounded to no more than three significant digits; may not add to totals shown. 
? Includes estimates. 
*Includes nonferrous alloys, welding materials, and wear-resistant alloys. 


"Includes diamond tool matrices, cemented and sintered carbides, and cast carbide dies 
or parts. 


“Includes oxides. 


5Stocks held by cobalt processors and consumers. 


TABLE 4 
U.S. IMPORTS FOR CONSUMPTION OF COBALT, BY FORM' 


ee i с каса та 


2009 2010 
Gross weight Cobalt content? Value Gross weight Cobalt content" Value 

Meta? NN 5,870 5870 $198,000 8,750 8,750 $350,000 
Oxides and hydroxides 1,460 1,050 37,500 2,010 1,450 60,700 
Other forms: 

Acetates 168 40 1.220 301 72 2,720 

Carbonates 972 447 18,000 686 315 14,400 

Chlorides 231 58 2,220 311 78 2,580 

Sulfates 760 205 5.900 1,440 388 9,200 


Data are rounded to no more than Tm significant cem may not add to totals PM 
"Estimated from gross weights. 


"Unwrought cobalt, excluding alloys and waste and scrap. 


Source: U.S. Census Bureau. 
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COBALT- 2010 


TABLE 7 


WORLD ANNUAL COBALT REFINERY 
CAPACITY, DECEMBER 31, 2010"? 


(Metric tons, cobalt content) 


Country 


Australia 


Belgium 
Brazil 
Canada* 
China? 
Congo (Kinshasa) 
Finland 
France 
India" 
Japan 
Morocco 
Norway 
Russia* 
South Africa" 
Uganda 
Zambia 

Total 
“Estimated. 


'Data are rounded to no more than three 


Capacity 
6,700 
1,500 
1,420 
6,200 

50,000 
10,000 
10,000 
500 
2,060 
2,000 
2,000 
5,200 
6,000 
850 
720 
8,800 


114,000 


significant digits; may not add to total shown. 


"Includes standby capacity. Refinery products include 
cobalt metal, metal powders, oxides, and (or) salts. 


19.15 


TABLE 8 
COBALT: SELECTED PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, ВУ 2015! 2 


Annual 


production 
capacity 
Projected (metric 
year of first Principal tons, cobalt 
production Country Project and company? Project type* metal Ore/feed type content) Cobalt product 
2011? Australia Niwest new mine and heap- nickel nickel-cobalt laterite 1,400 Nickel-cobalt 
GME Resources Ltd. leaching operation ore sulfide. 
2011 Do. Ravensthorpe reopen mine and do. do. 1,400 Nickel-cobalt 
First Quantum Minerals Ltd. modify existing hydroxide. 
PAL processing 
operation 
2011 Canada Lockerby Depth expansion of existing do. nickel-copper-cobalt 80°  Nickel-copper- 


First Nickel Inc. mine sulfide ore cobalt sulfide ore. 
2011 Do. Raglan Mine expansion of existing do. МА Nickel concentrate. 


nickel-copper- 


Xstrata Nickel mine, stage 1 cobalt-platinum- 
group metals sulfide 
ore 
201 China Cobalt plant, phase 1 new refinery cobalt NA 2,000 NA. 
Jiangwu Cobalt Co., Ltd. 
(Jiangxi Rare Earth & 
Rare Metals Tungsten 
Group Holding Co., Ltd., 
Ganzhou State-Owned 
Assets Management Co., 
Ltd., and Ganzhou 
Expressway Co., Ltd.) 
2011 Do. Jiangsu Runjie New Material do. do. cobalt concentrate 2,000 Cobalt metal 
Nanjing Hanrui Cobalt Co., or cobalt powder, cobalt 
Ltd. carbonate oxalate, cobalt 
carbonate, cobalt 
oxide. 
201! Congo Kipoi, stage 1 new mine and Copper copper-cobalt oxide NA Stockpiled cobalt 
(Kinshasa) Congo Minerals sprl beneficiation plant ore ore or cobalt 
(subsidiary of Tiger concentrate for 
Resources Ltd.) and La sale. 
Générale des Carriéres et 
des Mines (Gécamines) — 
2011 Ро. Luilu Metallurgical Plant, refurbishment and _ do. copper-cobalt oxide | 8,000 $ Cobalt cathode. 
accelerated development €xpansion of and sulfide 
plan, new phase 3 existing beneficiation concentrates 
Katanga Mining Ltd. and plant and refinery 
La Générale des Carriéres 
et des Mines (Gécamines) eee 
2011 Do. Luisha South DMS plant- hew beneficiation plant до. _ stockpiled copper- || 215 Copper-cobalt 
Stockpile cobalt oxide ore concentrate. 
African Metals Corp, 
т НИИ 
2011 Do. Luita SX-EW line addition to existing Cobalt cobalt in solution 3,2007 Cobalt cathode. 
Boss Mining Sprl [Eurasian plant 


Natural Resources Corp. 
PLC and La Générale des 
Carriéres et des Mines 


(Gécamines)] | 
See footnotes at end of table. Sec e ese 
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TABLE 8—Continued 
COBALT: SELECTED PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, BY 2015 ne 


_———————————-—-—-_—-_— == хК—–—_—_—_———=– 6 I aaas 


Annual 
production 
capacity 
Projected (metric 
year of first Principal tons, cobalt 
т — production Country Project and company? Project type* metal Ore/feed type content) Cobalt product 
| 2011 Congo Mutanda, phase 1 new refinery copper _ copper-cobalt oxide 11,000 Cobalt hydroxide. 
(Kinshasa) Mutanda Mining SPRL ore 
[Glencore International AG, 
Groupe Bazano, and La 
Générale des Carriéres et 
des Mines (Gécamines)] 
2011 По. Mutanda, phase 2 expansion of existing do. do. 23,0005 Do. 
Mutanda Mining SPRL operation 
[Glencore International AG, 
Groupe Bazano, and La 
Générale des Carriéres et 
des Mines (Gécamines)] 
20! Do NA new mines, beneficiation do. copper-cobalt ore 1,500 Cobalt carbonate. 
Metal Mines SPRL (Nanjing plant, and processing 
Hanrui Cobalt Co., Ltd.) plant 
2011  PapuaNew Ramu new mine, beneficiation nickel nickel-cobalt laterite 3,300 Nickel-cobalt 
Guinea | Metallurgical Corporation of plant, and HPAL ore hydroxide. 
China Ltd., Jinchuan Group processing plant 
Ltd., Jilin Jien Nickel 
Industry Co., Ltd., Jiuquan 
Iron & Steel Group Co., Ltd., 
Highlands Pacific Ltd., and 
Mineral Resources 
Development Co. 
2011 South Africa Base Metals Refinery expansion of existing do. nickel-cobalt- 825 “6 Cobalt sulfate. 
Anglo Platinum Ltd. refinery platinum-group 
metals converter 
matte 
2011 Zambia New Nchanga smelter expansion of copper — copper-cobalt 5,000 $ Alliage rouge. _ 
Konkola Copper Mines Plc production from concentrates 
existing smelter 
2012 Australia | Cawse reconfigure existing nickel nickel sulfide ore NA _ Nickel hydroxide. 
er ара OJSC MMC Norilsk Nickel plant 
37 По. Gladstone Nickel, stage | new mine, beneficiation do. nickel-cobalt laterite 6,000 Cobalt metal. 
Gladstone Pacific Nickel Ltd. plant, HPAL ore 
processing plant, 
205 = апа гебпегу 
Mount Gunson MG 14 deposit new mine and copper  copper-cobalt-silver 215 Copper-cobalt 
Ета 2 inson Resources Ltd. beneficiation plant sulfide ore ae 
0. Radio Hill new bacterial heap- nickel nickel-copper sulfide NA Nickel-cobalt 
Fox Resources Ltd. leaching operation ore and tailings carbonate. 
2012 р Rocklands Group Copper new mine and copper _ copper-cobalt-gold NA Cobaltic-pyrite 
CuDeco Ltd. beneficiation plant oxide and sulfide concentrate. 
| Sao Miguel Paulista refinery expansion of existing nickel | nickel-cobalt matte 3,100 Cobalt cathode. 
ЕРТЕ = Votorantim Metais Niquel SA гшу 1 1. : - 
anada 425 Nickel concentrate. 


Nunavik Nickel 


Jien Canada Mining Ltd. and 
Goldbrook Ventures Inc. 


new mine and 
beneficiation plant 


do. nickel-copper- 
cobalt-platinum- 
group metals 
sulfide ore 


2220002 әйшо —_ 


ea. С 
Ste footnotes at end of table. 
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TABLE 8—Continued 
COBALT: SELECTED PROJECTS SCHEDULED F OR COMPLETION, BY YEAR, BY 2015" 2 


MEM — ча СС ers eee 


production 
capacity 
Projected | (metric 
year of first Principal tons, cobalt 
production Country Project and company? Project type’ metal Ore/feed type content) Cobalt product 
2012 Congo Luisha South DMS plant- new mine and copper | copper-cobalt oxide NA . Copper-cobalt 
(Kinshasa) hard rock beneficiation plant and sulfide ores concentrate. 
African Metals Corp. 
2012 Do. Usoke refinery, EW plant addition to existing do. copper-cobalt ore 3,0007 Cobalt cathode. 
for cobalt refinery 
Chemaf SPRL 
2012 Finland Kevitsa new mine and nickel nickel-copper- 400 %% Nickel-cobalt- 
First Quantum Minerals Ltd. beneficiation plant cobalt-platinum- platinum-group 
group metals- metals concentrate, 
gold sulfide ore 
2012 Do. Outokumpu stage 1 (formerly new mine and copper | copper-zinc-cobait- 940%  Cobalt-nickel 
Kylylahti) refurbished nickel-gold sulfide concentrate.” 
Altona Mining Ltd. (Universal beneficiation plant ore 
Resources Ltd. and Vulcan 
Resources Ltd.) 
2012 Do. Talvivaara expansion of existing nickel ^ nickel-zinc-copper- 1,800 * — Nickel-cobalt sulfide. 


Talvivaara Mining Co. Ltd. operation cobalt sulfide ore 
2012 Madagascar Ambatovy Joint Venture new mine, HPAL do. 5,600 Cobalt metal powder 


nickel-cobalt laterite 
Sherritt [nternational Corp., processing plant, ore and briquettes. 
Sumitomo Corp., Korea and refinery 
Resources Corp., SNC- 


Lavalin Group Inc. 
2012 South Africa Middleburg smelter adapt existing smelter МА  Nickel-copper 


platinum- platinum-group 


Jubilee Platinum plc to include ConRoast group metals concentrates cobalt-iron- 
process metals- апа sludge platinum-group 
nickel metals alloy. 
2012^" Turkey  Caldag mine and heap-leaching ^ nickel  nickel-cobalt laterite 1,000 Nickel-cobalt 
European Nickel PLC operation ore hydroxide. 
2012 United States Idaho Cobalt new mine and refinery cobalt stratiform cobalt- 1,625 Cobalt cathode. 
(Idaho) Formation Metals Inc. copper-gold ore 
2012 Zambia Chambishi Copper Smelter expand existing Copper | copper-cobalt МА" NA. 
China Nonferrous Metal smelter concentrates 


Mining Group Co., Ltd. 
and Yunnan Copper 


Industry Group Co., Ltd. 
2012 Do. Chambishi Metals new SX-EW cobalt do. NA 3,000 Cobalt cathode. 


Eurasian Natural Resources plant 
Corp. PLC 
2013 Australia Barnes Hill 


new mine and ATML nickel nickel-cobalt laterite 400%  Nickel-cobalt 
Proto Resources & Investments Processing plant intermediate. 


Ltd. and Metals Finance Ltd. M: 
2013? Do. Wingellina Nickel new mine and HPAL do. do 3,000 5  Nickel-cobalt 
Metals X Ltd. Processing plant hydroxide. 
2013 Canada NICO 


new mine, relocated | - -bi = 8 — Cobalt cathode. 
Fortune Minerals Ltd. and refurbished id o m id 


beneficiation plant, 


and refinery 
See footnotes at end of table. | 
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TABLE 8—Continued 
COBALT: SELECTED PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, BY 2015'? 


м eee ө Өө ёшёЩЁЩЁ_ЄЮЄк_ 


Projected 
year of first 
production Country Project and company” 

2013 Canada Voisey’s Bay Long-Harbour 
commercial nickel processing 
plant 

Vale S.A. 


2013 Congo NA 
(Kinshasa) Boss Mining Sprl [(Eurasian 

Natural Resources Corp. 
PLC and La Générale des 
Carriéres et des Mines 
(Gécamines)] 

Usoke refinery 

Chemaf SPRL 

WOL-SX-EW refinery, new 
phase 4 

Katanga Mining Ltd. and 
La Générale des Carriéres 


203 Ро. 


2013 ро. 


et des Mines (Gécamines) 
2013 Japan Niihama expansion 
Sumitomo Metal Mining Co., 
Ltd. 
EI Boleo 
Baja Mining Corp., Korea 
Resources Corp., L.S. Nikko 
Copper Inc., Hyundai Hysco 
Co. Ltd., SK Networks Co. 
Ltd., and Iljin Copper Foil 
Co. Ltd. 
2013-14 Philippines Mindoro Nickel 
Intex Resources ASA 


2013 Mexico 


#13 0. Taganito 


Sumitomo Metal Mining Co., 
Ltd., Nickel Asia Corp., and 
Mitsui & Co., Ltd. 
2013 — United States Eagle 


(Michigan) Kennecott Eagle Minerals Co. 


2013° — United States NorthMet 
(Minnesota) PolyMet Mining Corp. 


2013 Zambia Muliashi 


China Nonferrous Metal 


Project type" 
new refinery 


expansion of existing 
operations 


expansion of existing 
refinery 

new beneficiation plant 
and SX-EW refinery 


expansion of existing 
refinery 


new mine and refinery 


new mine, beneficiation 
plant, ATML and 
HPAL processing 
plant, and refinery 

new HPAL processing 
plant 


new mine, crusher, 
and rehabilitated 
beneficiation plant 
new mine, beneficiation 
plant, and refinery 


new mine, heap-leaching 
operation, and refinery 


Annual 
production 
capacity 
(metric 
Principal tons, cobalt 
metal Ore/feed type content) 
nickel nickel-copper- 2,500 
cobalt sulfide 
concentrate 
copper X copper-cobalt oxide 12,000 ° 
ore 
do. copper-cobalt ore 6,000 $ 
do. copper-cobalt oxide 12,000 
and sulfide ore 
nickel ^ nickel-cobalt sulfide 4,500 6 
and nickel matte 
copper _ copper-cobalt-zinc- 2,400 
manganese oxide 
and sulfide ores 
nickel nickel-cobalt laterite 3,300 
ore 
do. do. 2,600 
nickel- ^ nickel-copper 400 * 
copper sulfide ore 
copper _ copper-nickel- 360 
platinum-group 
metals sulfide ore 
do. copper-cobalt oxide 1,500 


ore 


Cobalt product 
Cobalt cathode. 


NA. 


Cobalt cathode and 
cobalt hydroxide. 
Cobalt hydroxide. 


Cobalt cathode. 


Do. 


Cobalt sulfate. 


Nickel-cobalt 
sulfide. 


Copper-nickel 
concentrate. 


Separate nickel 
and copper 
concentrates 
initially, followed 
by nickel-cobalt 
hydroxide. 
Cobalt hydroxide. 


: Mining Group Co., Ltd. 


ее footnotes at end of table, 
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TABLE 8—Continued 
E 
COBALT: SELECTED PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, BY 2015! 


MEM — Á—  À—ÓÓ ÀÍ—À "IJ 


production 
capacity 
Projected (metric 
year of first Principal tons, cobalt 
production Country Project and company? Project type’ metal Ore/feed type content) Е a product 
2014 Cameroon Nkamouna new mine and cobalt nickel-cobalt laterite 6,100 Cobalt-nicke] 
Geovic Mining Corp. and processing plant ore sulfide. 
Société National 
d'Investissement du 
Cameroun 
20145 Canada Makwa new mine and relocated nickel nickel-copper- 150° Nickel concentrate. 
Mustang Minerals Corp. beneficiation plant platinum-group 


metals sulfide ore 
8 
2014 Do. Minago new mine and do. 23068 Do. 


nickel-copper- 
Victory Nickel Inc. beneficiation plant cobalt-platinum- 
group metals- 
precious metals 


sulfide ore 
2014 Congo Kipoi, stage 2 addition of heap- 800 МА. 


copper — copper-cobalt oxide 


(Kinshasa) Congo Minerals sprl leaching and ore 
(subsidiary of Tiger SX-EW to existing 
Resources Ltd.) and operation 
La Générale des Carriéres 
et des Mines (Gécamines) 
2014° Do. NA new mine, beneficiation do. copper-cobalt ore 19,000 Alliage blanc. 
La Sino-Congolaise des Mines plant, and smelter 
Sarl (Sicomines) joint 
venture"? 
2014 Do. Tenke Fungurume, phase 2 expansion of existing do. copper-cobalt oxide, 16,000 $ Cobalt hydroxide. 
Freeport-McMoRan Copper operation 


mixed oxide/sulfide, 


& Gold Inc., Lundin Mining and sulfide ores 


Corp., and La Générale 

des Carriéres et des 

Mines (Gécamines) 
2014 Philippines Acoje 


new mine and heap- nickel ^ nickel-cobalt laterite 930% — Nickel-cobalt 
European Nickel PLC and leaching operation ore hydroxide. 
DMCI Mining Corp. 
2014 Tanzania Kabanga new mine and do. nickel sulfide ore NA Nickel concentrate. 
Barrick Gold Corp. and Xstrata beneficiation plant 
Nickel 
2014 — Zambia ichimpe new mine copper | copper-cobalt ore 2,000 МА. 
Zhonghui Mining Group Ltd. 
2015 Congo WOL-SX-EW refinery, new expand new do. copper-cobalt oxide 22.000 $ Cobalt hydroxide. 
(Kinshasa) ^ phase 5 


beneficiation plant 


and sulfide ore 
and SX-EW refinery 


Katanga Mining Ltd. and 
La Générale des Carriéres 


et des Mines (Gécamines) 
"Estimated. Do., do. Ditto. NA Not available. 


'Estimated data are rounded to no more than three significant digits. 


2 • • . ege . * 
Projects in feasibility or later stages of development in 2010. Actual startu ; . itional projects 
p dates may b . Additional proj 
might produce cobalt by 2015, but not enough information was available to j em | Poned owing to economic or other factors 


nclude them. 
DMS dense media separation. EW electrowinning. SX 


-EW solvent extraction—electrowinn; W ЖЕН ion— 
bind trowinning. -SX- lvent extraction 
electrowinning. ng. WOL-SX-EW whole ore leach—so 


—2010 
24) U.S. GEOLOGICAL SURVEY. MINERALS YEARBOOK 
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TABLE 8—Continued 
COBALT: SELECTED PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, BY 2015": 


222-212: 2252-22-22. 52 - 
‘Total capacity following expansion. 


"Addition will not increase total plant capacity. 


* Average production. 
'Cobalt-nickel concentrate will be stockpiled until a marketable product is developed. 


Placed on care-and-maintenance status until forestry permit is granted. 


"Company plans to double copper capacity. 
?The Sicomines joint venture comprises the following Chinese and Congolese companies: China Railway Group Ltd., Sinohydro Corp., Zhejiang Huayou Cobalt Co., 


Ltd., and La Générale des Carrières et des Mines (Gécamines). 
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TABLE 9 
COBALT: WORLD MINE PRODUCTION, BY COUNTRY"? 


(Metric tons, cobalt content) 


Coun 2006 2007 2008 2009 2010° 
Australia® * 5,130 4,730 4,780 4,340 ' 3,850 ° 
Botswana® 303 242 337 270 ' 325 
Brazil 1,100 1,311 $ 1,2155 1,200 1,600 
Canada’ 7,115 8,692 8,953 3,919 ' 4,568 P5 
China* 1,840 6,100 6,630 6,000 6,500 
Congo (Kinshasa)? 27,100 25,400 32,300 35,500 47,400 
Cuba? 5,602 4,540 3,175 3,500 * 3,600 
Filat SSS 100 115 105 5 27 140 
Indonesia! 1,600 1,600 1,300 1,200 1,600 . 
Madagascar? = ee us = 700 
Moro! ооо 2,600 ' 1,800 " 1,700 2,200 ' 2,200 
New Caledonia? = — — 1,629 1,620 869 719 ' 1,000 
Philippines? оо 900 1,000 1,200 1,500 2,200 
Ги 6,300 6,300 6,200 6,100 6,200 
South Afi _ 600 600 590 610 1,800 
Zambia® !3 8,000 7,500 7,000 ' 4,900 ' 5,700 
Zimbabwe — 110 100 85 74 5 19° 
Total 70,000 ' 71,700 ' 76,400" 72,100 ' 89,500 


"Estimated. "Preliminary. ‘Revised. -- Zero. 


stralia. Quantities of cobalt contained in intermediate or 
lian and imported ores, in metric tons, were estimated to be as follows: 2006-07— 5,500; 2008--5,100; 
2009— 5.500; and 2010— 5,700. 


: Reported figure. 


"Reported cobalt content of pelletized nickel-copper matte. 
“Assay content of cobalt in concentrates produced. 

"Cobait content of concentrates, tailings, and slags, 
?Determined from reported nickel 
Cobalt content of nickel matte p 
'! Cobalt content of concentrates. 
"Cobalt content of limonitic nickel laterite ores mined. Quantities of cobalt contained in intermediate o 


j i r refined metallurgical products (cobalt chloride 
and cobalt oxide hydroxide) produced from New Caledonian ores ex A i , | ! | 1.200; 
Ported to Australia and France, t timated to be as follows: 2006—1, 
2007--1,400; 2008—1,200: 2009—1,500; and 2010—1,700. ‚ In metric tons, were estim 


Cobalt content of concentrates and slags. 
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TABLE 10 
COBALT: WORLD REFINERY PRODUCTION, BY COUNTRY"? 


(Metric tons, cobalt content) 


MERE SSS 
Australia, metal powder and oxide hydroxide" 3,700 3,680 3,620 4,050 4,120 
Belgium, metal powder, oxide, hydroxide 2,840 2,825 3,020 2,150 2,600 
Brazil, metal 902 1,148 994 1,012 1,369 
Canada, metal, metal powder, oxide 5,198 5,620 5,637 4,918 4,650 
China, metal, metal powder, oxide, salts" * 12,700 13,200 18,200 23,100 32,900 
Congo (Kinshasa), metal” 550 606 1,049 2,950 4,182 
Finland, metal powder and salts” 8,582 9,173 9,645 8,962 9,413 
France, chloride 256 305 311 368 302 
India, metal and salts 1,184 980 858 1,001 1,187 
Japan, metal 920 1,084 1,071 1,332 1,935 
Morocco, metal and oxide 1,405 1,591 1,711 1,600 1,545 
Norway, metal 4,927 3,939 3,719 3,510 3,208 
Russia, unspecified" ’ 5,000 3,800 2,500 2,350 2,460 
South Africa, metal powder and sulfate 267 307 244 238 833 

Uganda meal č —— — — 674 698 663 673 624 
Zambia, metal 4,665 4,335 4,049 ' 1,506 ' 5,026 

Total 53,800 53,300 57,300 € 59,700 ' 76,400 


"Estimated. "Preliminary. "Revised. 


| , 
World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


“Table includes data available through June 24, 2011. Figures represent cobalt refined from ores, concentrates, or intermediate products and do not include 


production of downstream products from refined cobalt. 


МЕРЕК ; 
Production reported by n.v. Umicore s.a.: includes production from China that is not otherwise included in this table. 


| Production from domestic and imported ores and concentrates; excludes production by n.v. Umicore s.a. that is included under Belgium. 


“Excludes production of cobalt in alloys, carbonate, hydroxide and other materials that would require further refining. 
"Production for 2006-08 reported by the Geological Survey of Finland; production for 2009—10 reported by OM Group Inc. 
"Production reportedly includes metal, oxide, and salts; other forms may also have been produced. 
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COPPER 
By Daniel L. Edelstein 


Domestic survey data and tables were prepared by Samir Hakim, statistical assistant, and the world production tables were 


prepared by Glenn J. Wallace, international data coordinator. 


In the United States, mine production of recoverable copper 
declined for the second consecutive year, decreasing by about 
70,000 metric tons (t) to 1.10 million metric tons (Mt), and was 
down by almost 200,000 t from production in 2008. Although 
production declined slightly in Arizona and New Mexico as a 
result of curtailments following the collapse of copper prices 
during the fourth quarter of 2008, most of the decline was 
attributed to Utah, where lower ore grades at the leading U.S. 
copper producer led to a sharp decrease in production. 

Despite numerous announced expansions in global mine 
capacity that totaled about 400,000 metric tons per year (t/yr), 
lower capacity utilization, particularly in the United States, 
resulted in a global copper mine production increase of only 
about 100,000 t compared with that in 2009. In addition to lower 
copper prices, numerous factors, including labor and political 
unrest, lower ore grades, technical problems, and utility shortages, 
continued to plague the industry and sustain a downward trend 
in capacity utilization. According to data compiled by the 
Intemational Copper Study Group (ICSG), global mine capacity 
utilization has fallen to about 80% in 2010 from about 87% in 
2006 (Intemational Copper Study Group, 201 1a, p. 9). 

The United States fell from being the third ranked to the fourth 
ranked mine producer of copper behind Chile, Peru, and China 
and accounted for about 7% of global production. Chile remained 
ү leading world mined copper producer, and accounted for 
4% of global production. Global smelter production, which had 
нсана in MN by about 4% in 2010, as did 
о D production, owing to increased availability 
ed еи concentrates. The United States ranked sixth 

nelter Production and remained fourth in refinery 
output behind China, Chile, and Japan. 
4. E я HMM by the ICSG (201 la, p. 19-20), 
өту (7 dne 5. copper, which had risen 
, consumption ne 9 гове by 7% (1.3 Mt) in 2010. In 
Most major consumin 5. e ио 
Yan astronomical Е ups of Asia were more than offset 
apparent consum о d соо сша 
ption. China's apparent consumption is based 
ОП reported production trade, and b s 
(НЕЕ) stock data A Pies and Shanghai Futures Exchange 
OF industry stocks, which E d 2. о ovement 
annual basis and ERIS у uctuate significantly on ап 
In 2010, consum ПРЕ ught to have accumulated during 2009. 
recovered fr pion in Europe and North America rtiall 
. Тот the 2009 downturn. ; i partially 
respectively, although remainine v Increasing by 9% and 10%, 
n Asia, consumption rose ‘aie below prerecession levels. 
Spite a more modest j y about 6% to a record-high level 
"Dparent Consumption nerease of more than 4% in China's 
па Teversal of the pra, 
Production Of refine oe 2 years market balance, global 
оррег in 2010 was insufficient to meet 
COPPER—2919 
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demand, and reported yearend 2010 global inventories of refined 
copper declined by about 145,000 t from those at yearend 

2009 but remained at about 130,000 t above yearend 2008 
inventories. The decline in global inventories took place despite 
a decline in China's imports of refined copper, which declined 
to 2.92 Mt in 2010 from 3.19 Mt in 2009 (International Copper 
Study Group, 2011a, p. 21, 29). 

Copper prices during the first 8 months of 2010 fluctuated 
significantly. The daily COMEX price began 2010 at $3.39 per 
pound, ranged between $2.76 per pound (June 7) and $3.61 
per pound (April 14), and averaged $3.23 per pound during the 
8-month period, close to the December 2009 average of 
$3.19 per pound. Prices began a sustained rise in September 
with the yearend COMEX price rising to $4.44 per pound, the 
highest level of the year, and averaging $4.23 per pound in 
December and $3.43 for the full year, up from the 2009 average 
of $2.35 per pound. 

The principal mining States for copper, in descending order 
of production, were Arizona, Utah, Nevada, New Mexico, 
and Montana, accounting for more than 99% of domestic 
production; copper was also recovered at mines in Idaho and 
Missouri. Although copper was recovered at 29 mines in the 
United States during 2010, 18 mines accounted for more than 
99% of production (table 2). The remaining mines were either 
small leach operations or byproduct producers of copper. 

In 2010, copper recovered from refined or remelted scrap 
(about 8376 from new scrap and 1776 from old scrap) composed 
32% of the total U.S. copper supply. The conversion of old scrap 
to alloys and refined copper continued a downward trend and 
declined by 5% to 131,000 t of recoverable copper. Copper was 
consumed as refined copper and as direct melt scrap at about 
30 brass mills, 15 wire-rod mills, and 500 chemical plants, 
foundries, and miscellaneous operations. 


Legislation and Government Programs 


On November 22, the International Trade Administration (ITA), 
U.S. Department of Commerce, published its final determination 
that an industry within the United States was being threatened with 
material injury from the import and sales of copper pipe and tube 
from China and Mexico at less than their fair market value. The 
determination required importers to deposit with the U.S. Customs 
and Border Protection Service a cash amount equal to the listed 
estimated weighted-average margins that ranged between 11.2596 
ad valorem and 60.8596 ad valorem for nine Chinese exporters, 
and 24.89% and 27.16% for various Mexican exporters. The orders 
applied to all seamless circular refined copper pipes and tubes 
greater than or equal to 6 inches [152.4 millimeters (mm)] in length 
and measuring less than 12.130 inches (308.102 mm) in outside 
diameter regardless of wall thickness, bore finish, manufacturing 
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process, outer surface or end finish, coating or insulation, end 
fitting, or physical configuration (straight, coiled, bent, etc.) 
(U.S. Department of Commerce, 2010Ъ). | 

In December, three of the sanctioned Mexican tube exporters 
and their United States affiliates, along with the Government 
of Mexico, filed a request for a panel review with the United 
States section of the North American Free Trade Agreement 
(NAFTA) Secretariat. Chapter 19 of NAFTA provides a 
mechanism to request an independent binational panel to review 
final antidumping and countervailing duty in cases involving 
imports from a NAFTA country. When such a request is filed, a 
panel is established to act in place of national courts to expedite 
review of the final determination to see if it conforms with the 
antidumping or countervailing duty law of the country that made 
the determination (U.S. Department of Commerce, 20102). 


Production 


Domestic mine production of copper decreased by about 
696, or about 70,000 t, to its lowest level since 1985, owing 
to closures and cutbacks announced during the fourth quarter 
of 2008 in response to the onset of a global recession and the 
plummet in copper prices. Estimated mine capacity, however, 
rose by about 30,000 t/yr to 1.73 million metric tons per year 
(Mt/yr), and as a result, capacity utilization declined to 64% 
from about 6994 in 2009 and was at its lowest level in more than 
25 years. Smelter production, however, remained unchanged as 
much of the decrease came from lower electrowon production, 
and exports of copper in concentrate declined. Downstream, 
electrolytic refined production declined by about 9,000 t, as 
permanent closure of the White Pine, MI, refinery in August, 
which had processed anodes imported from Canada, was 
partially offset by lower exports of domestically produced anode 
and increased production at the remaining three electrolytic 
refiners. Electrowon copper from leach solutions accounted for 
3996 and 4196, respectively, of mine and refinery production. 
Fifteen solvent extraction-electrowinning (SX-EW) facilities 
d during 2010. 
reet 5, Reviews.—Consolidated full-year | 
production for ASARCO LLC's (Phoenix, AZ) mines in Arizona 
in 2010 totaled 209,000 t, an increase of about 13% from that 
in 2009, primarily owing to higher ore grades at the Mission 
and Ray Mines and improved recoveries at the Ray Mine. The 
Hayden smelter in Arizona produced 159,000 t of anode. Asarco 
produced 217,000 t of electrolytic copper, 158,000 t at its 
electrolytic refinery in Amarillo, TX, and a combined | 
59.000 t from its electrowinning operations at the Ray and Silver 
Bell Mines (Grupo México, S.A.B. de С.М, 2011, р. 29, 128). 
Соррег production from BHP Billiton S (Melbourne, 
Australia, and London, United Kingdom) residual Arizona leach 
'ons at Miami and Pinto Valley remained unchanged 
T t. Production of copper concentrate at Pinto Valley 
а ined suspended (BHP Billiton, 2011, p. 2). Е 
08 and early 2009, in response to the decline in 
a |vbdenum prices, F reeport-McMoRan Copper 
pU ra p CX) announced revised production plans that 
& Gold Inc. € ‘on of mining at its Chino Mine in New Mexico; 
шщ 2. of mining at its residual leach operation in 
suspension on и а 50% reduction in the operating rates at 
Miami, , 


20.2 


its Morenci and Safford Mines in Arizona and its Tyrone Mine 
in New Mexico. As a result, mine production at FCX’s US. 
operations declined for the second consecutive year, falling by 
about 6% to 514,000 t from 554,000 t in 2009 and 691,000 t 

in 2008. Total unit costs, discounted for byproduct credit and 
including depreciation and other noncash costs, rose to $1.60 
per pound of copper in 2010 from $1.44 per pound in 2009, 
despite an increase in byproduct credits to $0.35 per pound of 
copper from $0.23 in 2009 (Freeport-McMoRan Copper & Gold 
Inc., 2011a. p. 6—9, 23, 84). 

In the first quarter of 2010, however, FCX restarted the Morenci 
mill to process available sulfide material and initiated a staged 
ramp up of the mining rate to 635,000 t/d from 450,000 t/d, with 
the goal of increasing its annual production rate by 57,000 t by 
the beginning of 2011. Mill throughput during the fourth quarter 
averaged 42,200 t/d of ore, up from 30,000 t/d at restart, and was 
expected to reach 50,000 t/d during 2011. Combined production 
(concentrate and electrowon) rose nominally in 2010 to 228,000 t. 
Although 2010 production at the Chino Mine of 15,400 t and the 
Miami Mine of 8,200 t came from residual leach during 2010, by 
the first quarter of 2010, FCX had initiated restart of mining at both 
operations. At Chino, FCX was investing $150 million in the mine 
and mill with targeted incremental production of 45,000 t in 2012 
and 90,000 t in 2013, and at Miami, FCX expected to expend $40 
million to increase production to 45,000 t/yr of copper cathode by 
late 2011 (Freeport-McMoRan Copper & Gold Inc., 2010, p. 4-5; 
2011b, p. 3-4). 

At FCX’s Bagdad Mine in Arizona, copper production 
(concentrate and electrowon) declined to 92,000 t in 2010 from 
102,000 t in 2009; at its Sierrita Mine in Arizona, production 
(concentrate and limited electrowon) decreased to 67,000 t from 
77,000 t in 2009; and at its Tyrone Mine, production declined to 
37,000 t from 39,000 t in 2009. At the Safford Mine, electrowon 
production decreased to 65,000 t from 83,000 t in 2009, and at 
yearend, construction of a $150 million sulfur burner to reduce 
the cost of sulfuric acid was underway and was expected to be 
completed in the second quarter of 2011 (Freeport-McMoRan 
Copper & Gold Inc., 201 1a, p. 23, 82-83). 

In 2010, despite a production decline to 250,000 t from | 
303,500 t in 2009, the Bingham Canyon Mine in Utah retained 
the position it regained in 2009 as the leading U.S. copper mine 
producer. Although the Copperton concentrator recorded record 
ore throughput, average copper head grades declined to 0.53% 
from 0.64% in 2009. Average molybdenum grades, however, 
increased to 0.04596 from 0.03896 in 2009, and molybdenum 
production increased to 12,900 t from 11,300 t. Production 
of refined copper decreased by about 296 to 269,000 t from 
274,000 t in 2009. During 2010, mine operator Kennecott Utah 
Copper Corp. (Magna, UT) began the process of updating 
environmental permits to extend the mine life to 2028 through 
a possible combination of open pit and underground mining, 
and began constructing a $340 million molybdenum autoclave 
process (Rio Tinto plc, 2011, p. 3, 12, 22). 

The Lisbon Valley Mine in Utah, formerly operated by 
bankrupt Constellation Copper Corp. (Denver, CO), was 
recapitalized, exited bankruptcy operating as Lisbon Valley 
Mining Co. LLC, and resumed mining and placement of new 
ore on leach pads. Production was expected to rise to about 


—2010 
U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK 201 


8,200 Џуг of electrowon copper. Mining had ceased during the 
first quarter of 2008, and production had been from residual 
leach (Lisbon Valley Mining Co. LLC, 2010). 

[n 2010, following the completion of a phase I, 23,000-t/d 
mill during 2009, the Mineral Park Mine (Arizona) produced 


№ 14600 t of copper (1,430 t from electrowinning) and 1,970 t of 


molybdenum. In February, Mercator Minerals Ltd. (Kingman, 
AZ, and Vancouver) began startup of its of phase 1.5 expansion 
to increase mill capacity to 27,000 t/d. Mill throughput during 
2010 averaged 23,900 t/d. Mercator was proceeding with its 
phase 2 expansion that was expected to boost mill capacity to 
45,000 (уг during 2012 and in 2010, purchased a gas turbine to 
generate the additional power the expanded mill would require. 
Yearend mill reserves totaled 418 Mt, grading an average of 
0.377% copper and containing 529,000 t of copper, and leach 


i reserves totaled 67 Mt grading 0.07% copper and containing 


41000 t of copper (Mercator Minerals Ltd., р. 8-9, 26). 

In July, Nord Resources Corp. (Dragoon, AZ) suspended 
mining and crushing of new ore at its Johnson Camp Mine in 
Anzona in order to maximize cash flow, conserve capital, and 
undertake additional geological and engineering studies prior 
to installation of a new leach pad. Leaching of residual copper 
from stockpiles continued. In January 2008, it had produced its 
first cathode since August 2003 from the leaching of stockpiles 
and in February 2009, it had resumed mining. Sales of copper 
cathode rose to 4,120 t in 2010 from 3,670 t in 2009, but 
following suspension of mining, sales in the fourth quarter 
fell to 697 t from 1,280 t in the fourth quarter of 2009 (Nord 


Resources Corp., 2011, p. 2-3). 


On May 15, Quadra Mining Ltd. (Vancouver) merged 


. with FNX Mining Co. Inc. (Toronto, Ontario, Canada) to 


become Quadra FNX Mining Co. with headquarters retained 
in Vancouver. FNX primarily held properties in the Sudbury 
mining district in Canada, including the McCreedy West and 
Levack Mines. Production at Quadra’s Robinson Mine in 
ia decreased to 49,400 t from 55,600 t in 2009 owing to 
E mill throughput from harder ore mined at the bottom of 
т кн P: During the fourth quarter of the year, a shift in 
ets | EE the Veteran and Ruth pits to just the Ruth pit 
ies sd | : „At its Carlota Mine in Nevada, which produced 
ч, = e in December 2008, production of electrowon 
гие : 14,500 t from 12,700 t in 2009 but was lower 
ке ке ed owing to heavy rains їп both January and 

о ЕМХ Мите Ltd., 2011a, p. 1—8; b). 
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annual production of 100,000 t/yr of copper (Augusta Resource 
Corp., 2010a, b; 2011). 

In February, Curis Resources Ltd. (Vancouver) acquired 
the assets, including permits, of the Florence Copper Project 
in Arizona from Merrill Ranch Investments LLC (Scottsdale, 
AZ, and Atlanta, GA). Prior to deferring development in 
2000 and then divesting itself of the property, BHP Copper 
Co. had completed a prefeasibility study and obtained major 
environmental permits for an in situ leach copper operation. 
In October 2010, Curis announced a positive preliminary 
feasibility study, based on a base case of producing 
35,000 t/yr of electrowon copper during a 19-year mine life, 
and was proceeding with amending and updating its operating 
permits with a goal of initiating copper production in 2012 
(Curis Resources Ltd., 2010). 

Formation Metals Inc. (Vancouver) was proceeding with 
its development of the underground Idaho Cobalt Project 
that was projected to produce about 2,000 t/yr of copper 
as a byproduct of cobalt production. In January, Formation 
announced that it had engaged JDS Energy and Mining Inc. 
to manage engineering and construction of the project, and 
in April, it announced that it had completed clearing of the 
mine site in preparation for constructing mine buildings and 
tailings disposal sites. As of April 2011, the company was pilot 
testing the hydrometalurgical complex, engaged in various 
engineering studies to update and complete the final complex 
design and equipment procurement, and was anticipating startup 
of construction during the second quarter of 2011 (Formation 
Metals Inc., 2010; 2011). 

In 2010, Mines Management, Inc. (Spokane, WA) completed 
a preliminary economic assessment of its Montanore 
silver-copper project in northwestern Montana. The assessment 
was based on an average ore grade of 0.7296 copper and 
64 grams per metric ton (g/t) silver and production of 
23,200 t/yr copper and 200 t/yr silver. The company was 
working to update lapsed environmental permits received prior 
to abandonment of the project in 2002 by its previous owner, 
Noranda Minerals Corp. During 2010, Mines Management 
responded to comments on its draft EIS released in 2009. The 
project hosts one of the world's largest known silver-copper 
deposits, with estimated resources containing more than 
7,000 t of silver and nearly 780,000 t of copper (Mines 
Management, Inc., 2011, p. 5-8). 

The Pebble Limited Partnership (Anchorage, AK), an 
equal partnership between Anglo American plc (London) and 
Northern Dynasty Minerals Ltd. (Vancouver), allocated more 
than $73 million for advancement of the Pebble project in 
southwest Alaska during 2010, increasing the amount invested 
in the project to about $500 million. An updated mineral 
resource assessment released in February increased estimates 
of contained copper, gold, and molybdenum by 12%, 14%, 
and 16%, respectively, from the December 2008 estimates. At 
a copper equivalent cutoff grade of 0.3% copper, the updated 
measured and indicated resources totaled 5.94 billion metric 
tons (Gt) grading 0.42% copper (0.78% copper equivalent) 
and containing 25 Mt of copper; the updated inferred mineral 
resource totaled 4.84 Gt grading 0.2496 copper (0.5396 copper 
equivalent) and containing 11.6 Mt of copper. An updated 
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preliminary assessment, released in F ebruary 2011, found that 
the Pebble prospect could support a 200,000 t/d of ore open 
pit mine for a minimum of 25 years with a potential to extend 
to 78 years or beyond, or alternatively, the potential for an 
underground block-cave mine processing 136,000 t/d for mining 
beyond the initial 25-year period. Using a 45-year base case, the 
study concluded that the Pebble project could produce 14 Mt 
of copper while mining only 32% of the total Pebble resource; 
produce, at prevailing metal prices, an annual internal pretax 
rate of return of 23.2% and a 3.2-year payback; require an initial 
capital investment of $4.67 billion, exclusive of costs associated 
with outsourced power and port and road development; and 
would take 4 years to construct (Northern Dynasty Minerals 
Ltd., 2010; 2011, p. 1-3). 

PolyMet Mining Corp. (Vancouver) was proceeding with 
the permitting of the NorthMet copper-nickel-precious metals 
project (mine and processing plant) in northeastern Minnesota, 
a process that began in 2002. In June, PolyMet announced 
that the State and Federal Government agencies responsible 
for the EIS would be preparing a supplemental draft EIS. In 
early 2011, Polymet announced its intent to simplify the phase 
2 metallurgical process by eliminating a second autoclave and 
SX-EW circuit, instead opting to sell copper concentrates along 
with nickel-cobalt and precious metal products, reducing its 
environmental impact and reducing capital costs, based on 2008 
estimates, by $127 million (Polymet Mining Corp., 2010; 2011). 

Redstone Resources Corp. (Lakewood, CO) continued 
predevelopment work at the past-producing Zonia Mine (Arizona). 
Redstone was proceeding with five development programs aimed 
at generating a final feasibility study. A preliminary economic 
analysis, released in April 2011 (an update of the previous study 
released in December 2009) reported measured and indicated 
in-pit resources for a theoretical 27,000 t/d open pit leach operation 
of 100 Mt of ore grading an average of 0.28% copper (Redstone 
Resources Corp., 2011, p. 9). | ME 

Rio Tinto plc (London, United Kingdom) was proceeding with 
the development of two underground mines. Preproduction work 
continued on the Resolution copper sulfide mine operated by 
Resolution Copper Mining, LLC (55% Rio Tinto and 45% ВНР 
Billiton) located more than 2,100 meters below the surface and 
HP Billiton's shuttered Magma Mine in Arizona, with 
the goal of beginning production by 2020. Resolution was seeking 
a land exchange required to access about 3,100 hectares of 
federally controlled property. Legislation introduced during 2009 
houses of the U.S. Congress to facilitate the exchange 
ase P at yearend 2010. Rio Tinto also planned to invest 
was Р s in the Kennecott Eagle nickel and copper mine in 
2 Е of Michigan, with first production expected 
e d production capacity of 17,300 t/yr and 13,200 t/yr of 

d copper in concentrate, respectively. In support of these 

nickel an ts. as well as the Oyu Tolgoi Mine in Mongolia, 
mine developmen d an expansion of its “Мше of the Future" 


о Ti nounce i 
ошо million investment to develop new equipment 


j 10 | 
Ана са 2 underground mines and to create the Rio 
and $ 


reround Mine Construction in Sudbury, 
Tinto С yid ja оа mining center would become 
Ontario, 2 аЬ global long-term research center (Resolution 
E ja um | g LLC, 2009, p. 6-7; Rio Tinto plc, 2010a, b). 
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Consumption 


Following an 18% decline in consumption in 2009 to the lowest 
level since the recession of 1975, U.S. reported consumption 
of refined copper increased by about 7% in 2010. Consumption 
by wire-rod producers, which accounted for 7096 of reported 
consumption, increased by about 9%, and consumption by other 
consumers increased only nominally. Consumption by wire-rod 
producers was buoyed by a shift in wire-rod trade, the United 
States becoming a net exporter of 39,000 t of wire rod in 2010 
from having had an essentially balanced net trade in 2009. 
According to data compiled by the American Bureau of Metal 
Statistics, Inc. (ABMS) (2011b), U.S. apparent consumption of 
wire rod in 2010 reversed a 4-year downward trend, increasing by 
about 696 from that in 2009. 

According to ABMS, shipments of copper and copper alloy 
mill products by domestic producers rose by 13% in 2010 to 
982,000 t, reversing a 5-year downward trend. From 2004 to 
2010, however, apparent consumption (domestic shipments plus 
net imports), declined by 3796. In 2010, apparent consumption 
rose in all market segments, with the exception of copper tube 
(3096 market share in 2010), where apparent consumption 
declined for the fifth consecutive year, decreasing by 4% in 
2010, owing to the continued weak housing market and the 
continued substitution by plastic tube in residential markets. 
Apparent consumption of copper and copper alloy plate, sheet, 
and strip, with a combined 3596 market share, rose by 22% In 
2010; copper and copper alloy rod and bar, with a combined 
market share of 3396, rose by 2796; and copper alloy tube, with 
a market share of less than 296, rose by 2996 (American Bureau 
of Metal Statistics, Inc., 20112). 

According to preliminary data from the Copper Development 
Association Inc. (2011, p. 18-20), the total supply of copper 
and copper alloy products to the U.S. market by fabricators 
(brass mills, foundries, powder producers, and wire mills), 
which included net imports, rose by about 10% in 2010 from the 
revised shipments for 2009, reversing a 5-year downward trend. 
Wire-mill products accounted for about 5396 of total shipments 
to the domestic market; brass mill products, 43%; and foundry 
and powder products, 496. Shipments to the building construction 
sector, which remained the leading end-use market, were. 
essentially unchanged and accounted for about 45% of shipments. 
Shipments to the electric and electronic products (2376 market 
share), transportation equipment (13% market share), consumer 
and general products (12% market share), and industrial 
machinery and equipment (8% market share) sectors rose by 23%, 
20%, 20%, and 7%, respectively. 


Prices and Stocks 


Although copper prices on average trended upward 
throughout 2010, the COMEX spot price, which began the year 
at $3.33 per pound of copper and averaged $3.43 per pound 
for the full year, fluctuated significantly through several cycles. 
Prices during the first 6 months of 2010 reached lows of 
$2.85 per pound and $2.76 per pound on February 5 and 
June 6, respectively, and peak values of $3.48 per pound and 
$3.63 per pound on January 6 and April 15, respectively. 
Although still fluctuating, prices generally trended upward 
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during the last 6 months of the year; the COMEX price rising 
from $2.94 per pound at the end of June to its year-high value of 
$444 per pound on December 31. 

The price cycles in the first half of the year correlated with 
China's import levels. After high yearend imports in December 
2009 of 244,000 t, China's copper purchases declined in January 
to 197,000 t before climbing to 337,000 t in April, approaching 
the record-high import level of 379,000 t set in June 2009, 
before retreating back to 212,000 t in June 2010. Global 


exchange inventories (COMEX, London Metal Exchange Ltd., 


and SHFE) trended upward during the first 4 months of the 

year ftom 687,000 t at yearend 2009 to 778,000 t at the end 

of April, countering some of the influence of Chinese buying 
and contributing to the price volatility. Exchange stocks fell 
from May through September to about 540,000 t, where they 
remained through November, rising slightly at yearend to 
568,000 t. Lower stock levels, continued strong imports by 
China (1.58 Mt in the last 6 months of 2010 compared with 

1.34 Mt in the first 6 months of the year), and investment 

interest helped to sustain the price rise during the last 6 months 


' of2010. Full-year 2010 Chinese imports totaled 2.92 Mt, down 


from the record-high 3.19 Mt in 2009. 

According to ICSG data, global demand for refined copper 
n 2010 exceeded production by about 350,000 t, reversing a 
2-year trend during which production exceeded demand by a 


. combined 375,000 t and reported yearend global inventories 


of refined copper rose by about 400,000 t. Global commodity 
exchange and industry stocks totaled 1.19 Mt at yearend 

2010 and, at the average annual monthly rate of consumption, 
represented about 3.2 weeks of global supply (International 
Copper Study Group, 201 1a, p. 9). 

Copper scrap prices generally followed the trend in refined 
copper prices. With higher refined prices, however, the discount 
of most grades of copper scrap to refined copper increased. 
According to American Metal Market price data, the discount 
for refiners” No. 2 scrap from the COMEX spot price averaged 
38.8 cents per pound for the year, above the average discount 
of 29.6 cents per pound in 2009, and ranged between 29.4 cents 
E In June and 65.9 cents per pound in December, when 
Ж S prices rose sharply. Higher refined copper prices 
nup рок demand converged to raise the discount at 
"e d ey following the same trend, the discount for 
сель iow; 2. much smaller, averaging 
per pound in May to 18 « 5 уеаг, апа ranging between 6.6 cents 

“ә cents per pound in December. 


Foreign Trade 


Net refined co 


consecutive yea ррег imports in 2010 declined for the fourth 


Of lower роле is by about 1094 to 527.000 t. In light 
еде se an increased domestic demand, domestic 
2009, declined ee which had risen by about 235.000 t in 
eru Were the an out 50,000 t in 2010. Chile, Canada, and 
accounting for ihe ООЗ of refined copper imports in 2010, 
Imports. From 2007 4 ^o, and 16%, r espectively, of refined 
funwrought со through 2010, Chile was the leading source 
(33%), and Pery в (42%), followed by Canada 
Шор copper ; 0) Refined Copper accounted for 83% of 
per Imports during the same period. Exports 
COPPER.. 2010 Pme 


ima 


of copper contained in concentrates declined for the second 
consecutive year to 137,000 t, down from 301,000 t in 2008 

and 151,000 t in 2009, owing to reduced mine production from 
nonintegrated producers and increased smelter operating rates at 
integrated producers, and after maintenance shutdowns reduced 
smelter output in 2008. 

According to the U.S. Census Bureau data compiled by the 
Copper and Brass Fabricators Council Inc. (2011, p. 1-9), in 
2010, U.S. imports of copper and copper-alloy semifabricated 
products (excluding wire-rod mill products) were 226,000 t (an 
increase of 1796 from those in 2009), exports were 104,000 t 
(an increase of 6%), and the resulting net imports rose by 28% 
to 122,000 t. Canada and Mexico collectively accounted for 
64% of semifabricated copper exports and 24% of imports. 
China, which had been the leading source of imports with 
a 26% share in 2009, accounted for only 13% of imports in 
2010. In anticipation of the ITA antidumping orders finalized 
in November, imports of copper tube from China and Mexico 
declined by 5596 (23,000 t) and 3496 (8,000 t), respectively, 
from those in 2009. 

Exports of copper and copper alloy scrap rose by 23% to а 
record-high 1.03 Mt. China (including Hong Kong) was the 
destination for 79% of domestic scrap exports and, based on global 
import data (official country trade data compiled by the ICSG), 
was the recipient of 6276 of reported global scrap trade of 7.2 Mt. 
Germany and Belgium, the leading secondary copper smelting 
countries in Europe, were significant recipients of U.S. scrap, 
combined accounting for 4% of U.S. scrap exports and 1294 of 
global imports in 2010, up from 396 and 119^, respectively, in 2009 
(International Copper Study Group, 2011a, p. 41-43). 


World Review 


Following 2 years of limited growth, world production of 
refined copper rose by about 750,000 t (about 4%) led by an 
1196 increase in secondary refined production. Production of 
refined copper from primary materials rose by about 3%. After 
remaining stagnant for 2 years, world copper use, according 
to revised ICSG data, rose by about 7% to a record-high 
19.4 Mt. Consequently, the ICSG global market balance 
indicated a production deficit of about 350,000 t, reversing a 
2-year cumulative surplus of 350,000 t. Stocks held on the 
more visible commodity exchanges fell by about 120,000 t 
to 568,000 t, yet remained well above yearend 2008 stocks 
of 390,000 t. ICSG estimates of total reported inventories 
(exchanges, governments, and industry) fell by 160,000 t to 
1.19 Mt. With the exception of exchange inventories, inventory 
levels in China were not reported and were discounted in these 
analyses. Consumption data for China are based on apparent 
consumption of refined copper (production, net trade, and SHFE 
stock changes) and did not account for changes in industry and 
government stock levels (International Copper Study Group, 
2011a, р. 9-20). 

World mine production of copper rose nominally (75,000 t) in 
2010 to 16.0 Mt. World copper mine production had remained 
relatively flat from 2005 to 2010, increasing by only about 
7% during the period. This low level of growth took place 
despite an estimated 1996 capacity growth from 2005 to 2010, 
according to data compiled by the ICSG. Consequently, based 
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on ICSG production and capacity data, capacity utilization 

at global copper mines trended consistently downward from 
88.9% in 2005 to 8096 in 2010. Numerous factors contributed 
to the downward trend, including competition for labor, power, 
and equipment during the prerecession global boom in mineral 
commodity production; labor unrest; preferential mining of 
coproducts; political uncertainty; and technical problems 
associated with aging and expanding operations. The sharp 
fall in prices during the fourth quarter of 2008 that had led to 
industry curtailments and delays or deferrals of anticipated 
projects continued to limit production in 2010 (International 
Copper Study Group, 2011b, p. 13). 

Global smelter capacity and production increased by about 
150,000 t/yr, and 700,000 t, respectively, in 2010 while production 
of copper in concentrates remained relatively unchanged at 
12.7 Mt. Some of the concentrate shortfall was met by a 300,000-t 
increase in copper recovered from scrap. Consequently, concentrate 
supplies continued to remain tight through most of 2010 
(International Copper Study Group, 2011b, p. 14). 

According to CRU International Ltd. (2010, p. 73—77; 2011, 
p. 69—75) consumption of copper in concentrates exceeded 
supply by about 180,000 t and fell far short of global demand as 
smelter capacity utilization fell to 69.5% from 72.2% in 2008. 
CRU estimated that the cumulative 4-year deficit was about 
460,000 t of copper in concentrate. The combined spot treatment 
(smelting) and refining charge (TC/RC), which had fallen to 
about 3 cents per pound during the fourth quarter of 2009, 
remained low during the first half of 2010, reportedly falling 
into negative figures during the second quarter based on an 
extreme tightness in the concentrate market. Spot purchases by 
the dominant Chinese smelters (75% to 8096 of the spot market 
according to CRU estimates) softened during the second half 
of 2010, however, and spot TC/RCSs rose to about 20 cents per 
pound during the fourth quarter of the year. Spot TC/RCs have 
trended lower since 2005, when they averaged about 40 cents 
per pound of copper. Term contracts were much less volatile and 
averaged about 10 to 12 cents per pound during the year. 

After stagnating in 2009, global consumption of refined 
copper rose by about 796 (1.3 Mt) to a record-high 19.4 Mt 
in 2010. While Asia, dominated by China, had been the only 
major copper consuming region to experience growth during 
the preceding 3 years, consumption In all major consuming 
regions increased during 2010. In Asia, demand increased by | 
about 10%, despite only 4% growth in China. As noted, China's 
apparent consumption excludes estimates of unreported stock 
changes, which can distort year-on-year changes. It is likely 
that significant stocks accumulated during 2009 when apparent 
consumption in China increased by 37%, significantly exceeding 
the country's 4.4% growth in semifabricate production. 
Conversely, some accumulated stocks likely were released 
during 2010 when semifabricate production increased by about 
15.596 and apparent consumption of refined copper by only 
495. China remained the leading consumer of refined ар 
however, accounting for 3896 of world demand in 2010. n 
Japan, the fourth ranked consumer of copper, 2. гове 
by 21% to 1.06 Mt, but remained below the 200 prerecession 

n Union-15 countries, the second leading 
level. In the Europea | и 
consuming region after Asia, consumption г y 8.7%, 
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also remained below the 2008 level. Consumption in the United 
States-dominated North American market, the third leading 
consuming region, rose by about 6% (International Copper 
Study Group, 2011a, p.10—23). 

Relatively little global realignment of the copper industry 
took place during 2010, with the exception that Grupo México, 
S.A.B. de С.У. rose to be the sixth and tenth ranked copper 
mine and refinery producer, respectively, following Chapter 
11 restructuring of Asarco and its return to Grupo México's 
control at yearend 2009. Corporación Nacional del Cobré de 
Chile (Codelco) retained its position as the leading global 
mine producer of copper. FCX, BHP Billiton, Xstrata plc 
(Zug, Switzerland) (exclusive of Glencore's approximate 3096 
share), and Rio Tinto retained their positions as the second 
through fifth leading producers, respectively. Combined, the 
top 5 copper-producing companies accounted for 3796 of global 
mine production, and the top 10 producers accounted for 54%. 
Codelco retained its position as the leading producer of refined 
copper, followed by Arubis AG (Hamburg, Germany), FCX, 
Jiangxi Copper Corp. (Guixi City, Jiangxi Province, China), and 
Xstrata. The top 5 refiners accounted for 3096 of global copper 
mine production, and the top 10 refiners accounted for 45% 
(CRU International Ltd., 2011, p. 254). 


Outlook 


Refined copper prices reached record-high average levels in 
2011, with the COMEX price averaging $4.00 per pound of 
copper. Prices, which began 2011 above $4.00 per pound, rose 
to record-high spot prices in mid-February, with the COMEX 
price peaking at $4.62 per pound, and generally trending 
downward to an average of $3.39 per pound in December. High 
imports of refined copper by China in the fourth quarter of 2010 
and the first 2 months of 2011 supported the price rise. Although 
trending downward throughout the rest of 2011, continued tight 
supplies, as indicated by combined exchange inventories which 
finished the year slightly below those at yearend 2009, helped to 
support relatively high prices. According to preliminary ICSG 
data, world apparent consumption of refined copper for the 
first 9 months of 2011 increased by only about 1% above that 
for the same period of 2010, with consumption in China, the 
United States, and the European Union remaining essentially 
unchanged from that in the same period of 2010. Despite an 
earthquake and tsunami in March, consumption in Japan was 
down by only about 4% for the same comparative periods. 
Russia, where reinstatement of an export tariff on refined copper 
encouraged the conversion of cathode to wire rod prior to — 
export, was the only country to experience significant growth ІП 
demand. Despite increases in capacity, world mine production 
for the first 9 months of 2011 was essentially unchanged from 
that in the same period of 2010 primarily owing to worker 
strikes that disrupted production in Chile and Indonesia. World 
refined production in the first 9 months of 2011, however, rose 
by almost 396, principally owing to an almost 300,000-t increase 
in secondary refined production (International Copper Study 
Group, 2011а, р. 9—16). 

[n the United States, mine production in 2011 was essentially 
unchanged from that in 2010 as restoration of production that was 
cutback at yearend 2008 was mostly offset by lower ore grades at 
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amajor producer. Electrolytic refinery production declined owing 
to the 2010 closure of a refinery that treated imported anode and 

to lower domestic smelter output, the latter resulting in increased 
concentrate exports. U.S. copper mine production was expected to 
rise by more than 100,000 t in 2012, primarily owing to continued 
restoration of production. Domestic consumption of refined copper 
was nearly unchanged in 2011 despite economic improvement, 

in large part owing to a shift from being a net exporter to a net 
importer of wire rod. As a result of high prices and strong demand 
in China and Europe, exports of copper scrap from the United 
States rose by about 20% to a record-high 1.24 Mt. 
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TABLE 1 


SALIENT COPPER STATISTICS! 


(Metric tons, unless otherwise specified) 


2008 


2009 


2010 


im Se е. с ә 


United States: 
Mine production: 
Ore concentrated 
Average yield of concentrated ore 
Recoverable copper: 
Arizona 
New Mexico 
Other States 
Total 
Total value 
Smelter production: 
Primary and secondary 
Byproduct sulfuric acid, sulfur content 
Refinery production: 
Primary materials: 
Electrolytic from domestic ores 
^ Electrolytic from foreign materials 
Electrowon 


Total 
Secondary materials (scrap), electrolytic and fire refined 


Grand total 
Secondary copper produced: 


Recovered from new scrap 


thousand metric tons 
percent 


milltons 


thousand metric tons 


Recovered from old scrap 


Total 
Copper sulfate production 


Exports, refined 
Imports, refined | 


Stocks, December 31: 
Blister and in-process material 


NC CD c———— 


Refineries 
Wire-rod mills 
Brass mills 
Other industry 


COMEX Е 
London Metal Exchange (LME), U.S. warehouses 


Total 
НЕЮ E DI CM LLL 


Consumption: 
Refined copper, reported 
Apparent consumption, primary refined and old scrap? 


Price: 
Producer, weighted average cents per pound 
COMEX, first position do. 
LME, Grade A cash do. 
Mine thousand metric tons 
ME S CC а ГЕ 
Refinery 0. 


See footnotes at end of table. 
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163,000 138,000 156,000 149,000 152,000 
0.40 0.46 0.50 0.46 0.43 
712,000 731,000 836,000 711,000 703,000 
113,000 108,000 104,000 56,500 52,700 
372,000 329,000 368,000 414,000 353,000 
1,200,000 1,170,000 1,310,000 1,180,000 1,110,000 
$8,310 $8,450 $9,200 $6,290 $8,520 
501,000 617,000 574,000 597,000 601,000 

576 720 655 671 682 * 

531,000 702,000 603,000 588,000 606,000 
144,000 62,100 109,000 48,300 21,000 
530,000 504,000 507,000 476,000 430,000 
1,210,000 1,270,000 1,220,000 1,110,000 1,060,000 
44,800 46,000 53,800 46,400 37,700 
1,250,000 1,310,000 1,270,000 1,160,000 1,090,000 
819,000 767,000 697,000 639,000" 641,000 
151,000 158,000 156.000 138,000" 131,000 
969,000 925,000 852,000 777,000" 772,000 
19,500 22,600 22,000 22,400 23,400 
106,000 51,100 36,500 80,800 78,300 
1,070,000 829,000 724,000 664,000 605,000 
18,800 26,300 24,100 15,500 21,100 
28,100 21,800 18,300 23,700 10,300 
21,500 20,600 31,700 25,300 19,700 
34,500 10,400 8,340 7,610 6,400 
3,280 3,220 3,230 4,290 4,380 
30,900 13,500 31,300 90,000 58,600 
75,600 60,600 106,000 283,000 284,000 
194,000 130,000 199,000 434,000 384,000 
2,110,000 2,140,000 2,020,000 1,650,000 1,760,000 
2,200,000 2,270,000 1,990,000 1,580,000 1,740,000 
314.75 328.00 319.16 241.24 348.34 
308.94 322.17 313.35 235.42 342.51 
304.85 322.83 315.47 233.56 341.74 
15,100 15,500 15,600 ' 15,900 16,000 
14,100 14,300 14,700 14,900 ' 15,600 
17,300 — 17,900 18,300 18,400 19,100 


"Estimated. "Revised. do. Ditto. 


TABLE 1—Continued 
SALIENT COPPER STATISTICS! 


У РЕЗЕ ТЕТ О И а ишы ыш шы ыт дақыл ылы LL 


'Data are rounded to no more than three significant digits, except prices; may not add to totals shown. 
Яп 2006, 2007, 2008, 2009, and 2010, apparent consumption is calculated using general imports of 1,080,000 metric tons (t), 832,000 t, 
721,000 t, 645,000 t, and 583,000 t, respectively. 


TABLE 2 


) 
LEADING COPPER-PRODUCING MINES IN THE UNITED STATES IN 2010, IN ORDER OF OUTPUT 


Capacity 
(thousand 
Rank Mine County and State Operator Source of copper metric tons) 
| Bingham Canyon Salt Lake, UT Kennecott Utah Copper Согр.? Copper-molybdenum ore, concentrated and leached 300 
2 Morenci Greenlee, AZ Freeport-McMoRan Copper & Gold Inc. | do. 400 
з Ray Pinal, AZ ASARCO LLC Copper ore, concentrated and leached 140 
4 Bagdad Yavapai, AZ Freeport-McMoRan Copper & Gold Inc. Copper-molybdenum ore, concentrated and leached 110 
5  MissionComplex Ріта, AZ ASARCO LLC Copper-molybdenum ore, concentrated 80 
6 бітіп do. Freeport-McMoRan Copper & Gold Inc. Copper-molybdenum ore, concentrated and leached 80 
1 Safford Graham, AZ do. Copper ore, leached 110 
8 Robinson White Pine, NV Quadra Mining Ltd. Copper-molybdenum ore, concentrated 70 
9 Tyrone Grant, NM Freeport-McMoRan Copper & Gold Inc. Copper ore, leached 50 
10 — Continental Pit Silver Bow, MT Montana Resources Copper-molybdenum ore, concentrated 40 
l| Silver Bell Pima, AZ ASARCO LLC Copper ore, leached 22 
12 Chino Grant, NM Freeport-McMoRan Copper & Gold Inc. Copper-molybdenum ore, leached 135 
13 Mineral Park Mohave, AZ Mercator Minerals Ltd. Copper-molybdenum ore, concentrated and leached 17 
14 — Carlota Gila, AZ Quadra Mining Ltd. Copper ore, leached 15 
15 Phoenix Lander, NV Newmont Mining Corp. Gold-copper ore, concentrated 15 
l6 Мапи Gila, AZ Freeport-McMoRan Copper & Gold Inc. Copper ore, leached 50 
I? — Lisbon Valley San Juan, UT Lisbon Valley Mining Co. LLC do. 7 
18 — Johnson Complex Cochise, AZ Nord Resources Corp. do. 5 
do. Ditto, 
"Те mines on this list accounted for more than 99% of U.S. mine production in 2010. 
Wholly owned subsidiary of Rio Tinto ple. 
TABLE 3 
MINE PRODUCTION OF COPPER-BEARING ORES AND RECOVERABLE COPPER CONTENT OF ORE: 
PRODUCED IN THE UNITED STATES, BY SOURCE AND TREATMENT PROCESS' 
(Metric tons) 
a SO LG a eS 202 55. ae 
Gross Recoverable © Gross  Recoverable 
5 Source and treatment process weight copper weight copper 
Mined copper ore: 
. Concentrated 149,000,000 683,000 152,000,000 659,000 
Leached NA 476,000 NA 430,000 
Total p NA 1,160,000 NA 1,090,000 
Copper precipitates shipped, leached from 
. tailings, dumps, and in-place material NA W NA W 
Other copper-bearing ores” 4,480,000 21,900 4,780,000 19,700 
Grand total XX 1,180,000 XX 1,110,000 
NA Not available. W Withheld to avoid disclosing company proprietary data; included with “Other 
copper-bearing ores.” XX Not applicable. 
Data are rounded to no more than three si gnificant digits; may not add to totals shown. 
Includes gold ore, lead ore, silver ore, and zinc ore. 
COPPER—2919 
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TABLE 4 
CONSUMPTION OF COPPER AND BRASS MATERIALS IN THE UNITED STATES, BY ITEM! 


(Metric tons) 
Foundries, Smelters, 
chemical plants, refiners, 
Item Brass mills — Wire-rod mills miscellaneous users ingot makers Total 
2009: 
Copper scrap 685,000 72 W 67,100 ' 159,000 911,000 ' 
Refined copper’ 454,000 1,140,000 49,500 4,510 1,650,000 
Hardeners and master alloys 9,990 - 3,090 -- 13,100 
Brass ingots -- -- 55,400 ' -- 55,400 ' 
Slab zinc 44,800 -- (4) (4) 107,000 
2010: 
Copper scrap 694,000 ? W 66,100 150,000 911,000 
Refined copper! 459,000 1,250,000 53,100 4,510 1,760,000 
Hardeners and master alloys 10,100 -- 4,370 14,400 
Brass ingots -- -- 61,700 61,700 
Slab zinc 44,800 -- (4) (4) 106,000 


'Revised. W Withheld to avoid disclosing company proprietary data; included with “Brass mills." -- Zero. 
lData are rounded to no more than three significant digits; may not add to totals shown. 

? Includes item indicated by symbol W. 

3Detailed information on consumption of refined copper can be found in table 5. 

^Withheld to avoid disclosing company proprietary data; included in “Total.” 


TABLE 5 
CONSUMPTION OF REFINED COPPER SHAPES IN THE UNITED STATES, BY CLASS OF CONSUMER 


20.10 


(Metric tons) 
Ingots and Cakes and Wirebar, billets, 
Class of consumer Cathodes ingot bars slabs other Total 
2009: 
Wire-rod mills 1,140,000 -- -~ 4,620 1,140,000 
Brass mills 313,000 24,200 43,600 72,800 454,000 
Chemical plants = = -- 367 367 
Ingot makers W W W 4,510 ? 4,510 
Foundries 3,450 3,240 -- 12,400 19,100 
Miscellaneous W W W 30,100 ? 30,100 
Total 1,450,000 21,400 43,600 125,000 1,650,000 
2010: 
Wire-rod mills 1,250,000 -- -- -- 1,250,000 
Brass mills 320,000 19,400 44,100 75,600 459,000 
Chemical plants ~- -- on 385 385 
Ingot makers W W W 4,510 ? 4,510 
Foundries 3,470 3,150 . -- 11,500 18,200 
pesce НИ W W W 34,600 ? 34,600 
Total 1,570,000 22,500 44,100 127,000 1,760,000 


W Withheld to avoid disclosing company proprietary data; included with “Wirebar, billets, other." -- Zero. 


Граја are rounded to no more than three significant digits; may not add to totals shown. 


?Imcludes items indicated by symbol W. 
3Includes consumers of copper powder and copper shot, iron and steel plants, and other manufacturers. 
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TABLE 6 


COPPER RECOVERED FROM SCRAP PROCESSED IN THE UNITED STATES, 
BY KIND OF SCRAP AND FORM OF RECOVERY! 


Kind of scrap: 

New scrap: 
Copper-base 
Aluminum-base 
Nickel-base 

Total 

Old scrap: 
Copper-base 
Aluminum-base 
Nickel-base 
Zinc-base 

Total 
Grand total 
Form of recovery: 
As unalloyed copper 
In brass and bronze 


In alloy iron and steel 


In aluminum alloys 
In other alloys 


In chemical compounds 


Total 
"Revised. 


(Metric tons) 


2009 


608,000 
30,400 ' 

18 
639,000 ' 


120,000 
17,800 ' 

267 

9 
138,000 ' 
777,000 ' 


47,100 
676,000 ' 

673 
48,200 ' 

8 

5,030 
777,000 : 


2010 


611,000 
30,300 
18 
641,000 


109,000 
21,800 
266 

9 
131,000 
772,000 


39,000 
676,000 
731 
51,900 
9 

5,030 
772,000 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


TABLE 7 


COPPER RECOVERED AS REFINED COPPER AND IN ALLOYS AND OTHER FORMS 
FROM COPPER-BASE SCRAP PROCESSED IN THE UNITED STATES, BY TYPE OF OPERATION! 


(Metric tons) 
From new scrap From old scrap Total 
Type of operation 2009 2010 2009 2010 2009 2010 
Jngot makers 11,500 11,700 62,400 59,800 73,900 71,500 
Refineries? 20,800 19,100 25,600 18,600 46,400 37,700 
Brass and wire-rod mills 545,000 548,000 16,500 17,200 561,000 565,000 


Foundries and manufacturers 26,100 * 27,700 15,300 ' 13,300 41,400 ' 40,900 


Chemical plants | 5,030 5,030 -- -- 5,030 с I а о. „3 _ _500 250080 
Tot - 608,000 611,000 120,000 109,000 128000 720000 000 611,000 120,000 109,000 728,000 720,000 
Revised Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes electrolytically refined based on source of material at smelter level. 
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TABLE 8 
PRODUCTION OF SECONDARY COPPER AND COPPER-ALLOY PRODUCTS 


IN THE UNITED STATES, BY ITEM PRODUCED FROM SCRAP! 


(Metric tons) 

Нет produced from scrap 2009 2010 

Unalloyed copper products: 
Refined copper 46,400 37,700 
Copper powder 587 1,230 
Copper castings 82 82 
Total 47,100 39,000 

Alloyed copper products: 

Brass and bronze ingots: 
Tin bronzes 6,890 7,870 
Leaded red brass and semired brass 52,400 46,100 
High leaded tin bronze 7,330 8,450 
Yellow brass 4,870 5,060 
Manganese bronze 7,260 7,390 
Aluminum bronze 5,860 5,920 
Nickel silver 1,060 1,040 
Silicon bronze and brass 4,710 4,620 
Copper-base hardeners and master alloys 7,670 7,670 
Miscellaneous 6,090 7,720 
Total /—. — 104,000 — 102,000 
_ Brass mill and wire-rod mill products. 678,000 689,000 
Brass and bronze castings о 38,800 ' 35,800 
Copper in chemical products 5,030 5,030 
Grandt SSCS 873,000 871,000 


"Revised. 


Data are rounded to no more than three Significant digits; may not add to totals shown. 


TABLE 9 
COMPOSITION OF SECONDARY COPPER-ALLOY PRODUCTION IN THE UNITED STATES! 


(Metric tons) 


Brass and bronze ingot production: 
$e producuOon — 


E 86,700" 3,240" 4910' 94130" 116 11 — 104,00 
84,300 3,600 5,070 8,730 113 13 102,000 
Secondary metal content of brass mill E 
products: 
n Lisci ЖИРЕН ea ННИНРНИНИННИ 
2009 365.000 — 1,180 — 2270 ` 109000 860 16 678,000 


2010 570,000 1400 
, % 2,020 1 1 " i 00 
Secondary metal content of brass and 2,000 1,060 16 689,0 


bronze castings: 


. bronze castings: — |00 
2 T 
IG 32.200" 1,170 578" 1,640 ' 203" 97 38,800" 
—— 32400 1,100 574 1.460 130 101 35.800 
Revised. 914 М0 10 0: 35,800_ 


1 pu 
Data are rounded to no more than three significant digits; may not add to totals shown 


?Includes approximately 9696 from scrap and 4% from other than Scrap in 2009 and 2010 
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TABLE 10 
CONSUMPTION AND YEAREND STOCKS OF COPPER-BASE SCRAP! 


(Metric tons, gross weight) 


2009 
Scrap type and processor Consumption 
Unalloyed scrap: 
№.1 wire and heavy: 
Smelters, refiners, and ingot makers 45,000 
Brass and wire-rod mills 332,000 
Foundries and miscellaneous manufacturers 16,800 
No. 2 mixed heavy and light: 
Smelters, refiners, and ingot makers 40,600 
Brass and wire-rod mills 8,590 
Foundries and miscellaneous manufacturers 6,450 
Total unalloyed scrap: 
Smelters, refiners, and ingot makers 85,600 
Brass and wire-rod mills 341,000 
Foundries and miscellaneous manufacturers 23,300 
Alloyed scrap: 
Red brass:° 
Smelters, refiners, and ingot makers 20,600 
Brass mills 9,230 
Foundries and miscellaneous manufacturers 5,950 
Leaded yellow brass: 
Smelters, refiners, and ingot makers 9,970 
Brass mills 116,000 
Foundries and miscellaneous manufacturers 1,000 
Yellow and low brass, all plants 127,000 
Cartridge cases and brass, all plants 87,800 
Auto radiators: 
Smelters, refiners, and ingot makers 20,200 
Foundries and miscellaneous manufacturers 1,900 
Bronzes: 
Smelters, refiners, and ingot makers 10,800 
Brass mills and miscellaneous manufacturers 15,800 
Nickel-copper alloys, all plants 9,060 
Low grade and residues; smelters, refiners, 
miscellaneous manufacturers 23,300 
Other alloy scrap: 
Smelters, refiners, and ingot makers 1,110 
Brass mills and miscellaneous manufacturers 5,270 
Total alloyed scrap: 
Smelters, refiners, and ingot makers 73,700 
Brass mills 347,000 
Foundries and miscellaneous manufacturers 43,800" 
Total scrap: 
Smelters, refiners, and ingot makers 159,000 
Brass and wire-rod mills 688,000 
Foundries and miscellaneous manufacturers 67,100 * 


See footnotes at end of table. 
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Stocks 


968 
(2) 
Q) 


3,210 
369 ' 
1,670 


1,550 
(2) 
(2) 


640 
(2) 
(2) 

8717 
(2) 


774 
(2) 


612 
(2) 
178! 


605 ' 


191 
(2) 


5,010 
545 ' 
2,330! 


8,220 
914° 
4,000 ' 


2010 

Consumption Stocks 
17,300 849 
319,000 (2) 
18,800 (2) 
59,700 2,500 
10,200 (2) 
7,260 (2) 
76,900 3,350 
330,000 686 
26,000 1,920 
22,500 1,560 
11,100 (2) 
2,790 (2) 
9,930 820 
103,000 (2) 
971 (2) 
146,000 491 
98,200 (2) 
18,100 862 
1,900 (2) 
11,900 874 
16,300 (2) 
9,730 152 
23,000 468 
1,290 412 
5,340 (2) 
73,700 5,510 
368,000 547 
40,100 2,020 
151,000 8,860 
698,000 1,230 
66,100 3,930 
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TABLE 10—Continued 
CONSUMPTION AND YEAREND STOCKS OF COPPER-BASE SCRAP! 


и 


"Revised. 
Data are rounded to no more than three significant digits; may not add to totals shown. 
"Individual breakdown is not available; included in “Total unalloyed scrap," “Total alloyed scrap," and “Total scrap." 


*Includes cocks and faucets, commercial bronze, composition turnings, gilding metal, railroad car boxes, and silicon 
bronze. 


‘Includes aluminum bronze, beryllium copper, and refinery brass. 


TABLE 11 
CONSUMPTION OF PURCHASED COPPER-BASE SCRAP? 


(Metric tons, gross weight) 
From new scrap From old scrap Total 

Type of operation 2009 2010 2009 2010 2009 2010 

Ingot makers 34,000 * 34,500 78,100" 77,200 112,000 112,000 
Smelters and refineries 24,300 20,100 22,900 18,800 47,200 38,900 
Brass and wire-rod mills 671,000 681,000 16,900 17,500 688,000 698,000 
Foundries and miscellaneous manufacturers 50,700 ' 48,200 16,400" 17,900 67,100 ' 66,100 
Total 780,400: 783,000 134,000 € 131,000 915,000 915,000 
в SO BOO SL ЫШЫ 


1 • е e o 

Data are rounded to no more than three significant digits; may not add to totals shown. 
2 S * . 

Consumption at brass and wire-rod mills assumed equal to receipts. 


TABLE 12 
FOUNDRIES AND MISCELLANEOUS MANUFACTURERS CONSUMPTION 
OF BRASS INGOT, REFINED COPPER, AND COPPER SCRAP 


IN THE UNITED STATES! 
(Metric tons) 

Ingot type or material consumed 2009 2010 

Tin bronzes 8,340 9,160 
Leaded red brass and semired brass 33,700 36,700 
Yellow, leaded, low brasg? 6,080 7,250 
Manganese bronze 2,240 2,420 
Nickel silver? 620 483 
Aluminum bronze 3,020 3,440 
Hardeners and master alloys' 3,090 4,370 
Lead free alloys 1,420 2,170 
Total brass ingot 58.500 56,000 
Refined copper 49 506 53.100 
Copper scrap 67,100 г 66,100 
"Revised. | 


Copper nickel, and nickel bronze, 
‘Includes special alloys, 


5 . 
Includes copper-bismuth and copper-bismuth-selenium alloys 
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TABLE 13 
AVERAGE PRICES FOR COPPER SCRAP, BY TYPE 


(Cents per pound) 
' Dealers' buying (New York) 
Brass mills Refiners No. 2 Red brass turnings 
Year Мо. l scrap No.2 scrap scrap and borings 
2009 226.83 205.85 159.16 112.93 
2010 325.19 297.67 252.40 164.12 


Source: American Metal Market. 
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TABLE 18 
U.S. EXPORTS OF COPPER SCRAP, BY COUNTRY ! 


Unalloyed copper scrap Copper-alloy scrap 
2009 2010 2009 2010 
Quantity Value Quantity Value Quantity Value Quantity Value 

Country (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 
Belgium 2,160 $7,750 11,000 $52,600 14,900 $31,800 19,900 $66,600 
Canada 6,320 34,800 15,500 109,000 32,300 91,500 29,900 110,000 
China 190,000 617,000 247,000 1,060,000 416,000 693,000 512,000 1,300,000 
Germany 1,51 0 6,510 4,190 25,500 6,600 31,900 9,570 54,500 
Hong Kong 15,600 63,100 10,300 53,500 37,400 85,600 44,500 158,000 
India 356 1,480 965 5,960 11,100 23,200 17,900 40,700 
Japan 3,220 15,900 7,180 48,600 10,200 46,200 9,900 58,500 
Korea, Republic of 8,400 36,500 13,300 88,200 21,500 48,800 17,600 63,400 
Mexico 1,580 8,770 4,090 25,400 9.990 41,300 7,090 49,900 
Taiwan 6,980 23,300 2,940 17,000 6,510 5,680 2,790 8,500 
Other 8,420 40,900 16,700 101,000 31,200 52.300 28,800 37,100 
Total 245,000 856,000 334,000 1,590,000 598,000 1,150,000 699,000 1,960,000 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 


TABLE 19 
U.S. IMPORTS FOR CONSUMPTION OF COPPER SCRAP, BY COUNTRY' 


__Unalloyed copper scrap | Copper-alloy scrap 
Quantity Value? Gross weight Copper content? Value” 
Country or territory (metric tons) (thousands) (тегіс tons) (metric tons) (thousands) 

Co MR 16,300 $52,000 55,500 40,000 $185,000 
2010: Е Е 
ы. сті с 

сва 9,010 53,500 32,500 23,400 156,000 
ae $ - 80 58 318 
= а 867 3,520 2,100 1,510 9,440 
— Dominican Republic | 628 1,180 856 616 1,230 
та ____ 651 1,290 1,070 770 3,710 
8 20 143 701 504 3,520 
E _____ 237 535 361 260 620 
а EE 5,850 18,100 29,900 21,500 107,000 
с шш ы, 1,270 2,640 1,330 958 2,010 
M uum NN T -- 438 315 3,200 
ИИ | — de 9,430 5.080 3,660 25,200 

,400 90,400 | 

= Zero, 9040 74,500 53,600 313,000 
| 


ignificant digits; may not add to totals shown. 
^Cost, insurance, freight value at U.S. роп. 


*Content is estimated by the U.S. Geological Survey to be 72% of gross weight. 


Source: U.S. Census Bureau. 
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Country 
Argentina 
Armenia 
Australia; 
Concentrates 


Leaching, electrowon 
Total 
Bolivia 
Botswana" 
Brazil: 
Concentrates 
Leaching, electrowon 
Total 
Bulgaria 
Burma, leaching, electrowon 
Canada: 
Concentrates 
Leaching, electrowon 
Total 
Chile: 
Concentrates 
Leaching, electrowon 
Total 
China:* 
Concentrates 
Leaching, electrowon 
Total 
Colombia 


Congo (Kinshasa)? 
Concentrates® 
Leaching, electrowon 

Total 


eee ee 
Cyprus, leaching, electrowon* 

Dominican Republic 

Finland 


tr a ee ааа 
Georgia" 


India 
ты а. а сш ЕЕ 
Indonesia? 


Ìran: 
Concentrates 


Leaching, electrowon ` 
Total 


Kazakhstan 
Korea, North? 


Korea, Republic of 

a 

С oncen trates 
Leaching, electrowon 
Toal 


See footnotes at end of table. 


TABLE 20 
COPPER: WORLD MINE PRODUCTION, BY COUNTRY"? 


(Metric tons) 
2006 2007 
180,144 180,200 
18,000 * 17,600 * 
806,400 ? 828,000 
52,400 ? 42,000 
858,800 ? 870,000 
218 606 
24,000 24,000 
147,836 204,828 
Ж 900 
147,836 205,728 
110,000 110,000 ' 
19,500 13,900 ' 


2008 
156,893 
18,800 


833,000 
53,000 
886,000 
731 
29,000 


214,495 
3,800 
218,295 ' 
105,000 ' 


r 


2009 
143,084 
22,600 


831,000 

23,000 

854,000 
882 ' 
27,700 € 


205,192 
6,500 
211,692 ' 
105,000 ' 

3,500" 


2010 
140,318 
25,100 


856,000 
14,400 
870,000 
2,063 
31,000 


206,800 
7,400 
214,200 
105,000 
12,000 


———— — ——————— ——"-—————————————————'"———————)o———————s——'''———— U——uÓ 


603,295 594,749 605,399 493,700" 522,000 

з 1,500 1,600 800 3,000 
603,295 596,249 606,999 494,500' 525,000 
3,669,000 3,724,900 3,356,600 3,276,900 3,330,400 
1,691,800 1,832,100 1,971,000 2,117,500" 2,088,500 
5,360,800 5,557,000 5,327,600 5,394,400" 5,418,900 
873,000 928,000 1,070,000" 1,040,000" 1,160,000 
16,000 18,000 20,000 25,000 35,000 
889,000 946,000 1,090,000" 1,070,000" 1,200,000 
725 1,050 1,310 1,420 1,000 
91,000 ' 116,000 ' 189,000 ' 155,000 ' 118,000 

53,285 32,099 ' 44,742 ' 154,751" 262,000 • 

144285 ' 148,099" 2237427 309,517 380,000 € 
- 300 300 300 300 
T - 2,600 11,500 9,200 
13,316 13,646 13,440 14,600 ' 14,700 
9,000 11,000 11,000 11,000 6,100 
27,400 33,900 30,600 29,500" 33,000 
818,000 796,900 632,600 998,530" 872,300 
208,000 241,000 241,000 255,000 250,000 
9,000 8,000 8,000 7,000 7,000 
217,000 249,000 249,000 262,000 257,000 
434100" 406,007: 421,007 4061007 380,000 
12,000 12,000 12,000 12,000 12,000 
r r 4° 14° 9 

Що 

- е 24,929 54,019 67,806 
60,803 62,541 64,075 67,561 64,241 
60,803 62,541 89,004 121,580 132,047 


TABLE 20—Continued 


COPPER: WORLD MINE PRODUCTION, BY COUNTRY '? 


(Metric tons) 
Country 2006 2007 2008 2009 2010 
Macedonia 7,000 ' 7,400 ' 8,400 ' 7,600 ' 7,900 
Mauritania 5.031 31,956 33,073 35,000 37,000 
Mexico: 
Concentrates 280,840 ' 276,530 ' 214,644 ' 170,597 190,136 
Leaching, electrowon 46,696 ' 58,972 г 53,975! 57,151 80,000 
Total 327,536 335,502 ' 268,619 € 227,748 270,136 
Mongolia 129,693 130,160 126,800 129,800 126,100 
Morocco 4,600 5,572 5,600 11,800 * 11,200 
Namibia 6.262 6,580 7471 - -- 
Pakistan 19,100 18,800 18,700 18,500 18,000 
Papua New Guinea 194,355 169,184 159,650 166,700 159,800 
Peru: 
Concentrates 874,601 1,018,156 1,107,789 1,113,449" 1,094,184 
Leaching, electrowon 173,871 172,118 160,078 162,800 ' 153,000 
Total 1,048,472 1,190,274 1,267,867 1,276,249" 1,247,184 
Philippines 17,161 22,862 21,235 49,060 58,412 
Poland 497,000 452,000 429,000 439,000" 425,400 
Portugal 78,660 90,247 89,070 86,900 74,300 
Romania® 5 12,132 ? 2,213 3 2,000" 1,000 € 1,000 
D o UPPER 725,000 740,000 750,000 676,000 * 703,000 
co лы 730 750 * 1,465 2,000 2,000 * 
Cor e ире 12,000 16,500 18,800 19,000 19,000 ° 
South Africa 89,500 97,000 108,700* 107,600! 102,600 
Spain; SSS 
_ Concentrates ~~ 6,616 6,281 7,071 15,400 15,000 
Leaching, electrowon | m B 5.600 5.600 * 
NN 6,616 6,281 7,071 21,000 20,600 
Sweden 86,800" 62,800 ' 57,220 ' 54,602! 15,977 
Tanzania, in concentrates and bullion 3,284 3,275 2,852 г 2,319! 5,326 
D ИН 70,000" 81,000 100,000: 105,000 ' 97,000 
United States: EM — 2 
PES — 667,000 665,000 801,000 705,000 679,000 
a 530,000 504,000 507,000 476,000 430,000 
т ЛЗ Һ----- [20,000 1,170,000 1,310,000 1,180,000 1,110,000 
Uzbekistan 100,000 95.000 95.000 95,000 90,000 
Zambia; ^ ^ ^ ————————. TM LL925,000 4 90,00 _ 
5 
E == 350,000 341,000 392,000’ 557,000 540,000 
E 124,000 168,000 163,000 140,000 ' 150,000 
474,000 509,000 555,000 ' 697,000 ' 690,000 
Zimbabwe, concentrates 2.58] 2.681 ' 2827" 3.572 ' 4,000 * 
Grand total 15,100,000 5 500,000 15 500,000 г 15 900,000 16 000,000 
Of which: rr 1520.00 16,000,000 — 
ны 12,300,000 — 12,600,009 12,500,000 © 12,700,000 * — 12,700,000 
Leaching, electrowon 2,780,000" 2,910,000" 3.050.000 " 3,250,000 3,310,000 
See footnotes at end of table. —— ——. ie — 
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TABLE 20—Continued 
COPPER: WORLD MINE PRODUCTION, BY COUNTRY" 2 


*Estimated. "Revised. -- Zero. 


'World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


Table represents copper content by analysis of concentrates produced (includes cement copper, if applicable), except where 
otherwise noted. Table includes data available through July 28, 2011. 


"Reported figure. 


*Reported by Comision Chilena del Cobre. Includes recoverable copper content of nonduplicative mine and metal products 
produced from domestic ores and concentrates and leach production for electrowinning. 


5Recoverable content. 


SExcludes copper content of pyrite. 
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TABLE 21 
COPPER: WORLD SMELTER PRODUCTION, BY COUNTRY "? 


(Metric tons, gross weight) 


Country 2006 2007 2008 2009 2010 
Armenia, primary 8,791 6,954 6,480 6,858 7,500 
Australia, primary 377,000 399,000 449,000 422,000 410,000 
Austria, secondary 65,900 80,200 94,200 90,800 92,200 P 


Belgium, secondary 114,600 115,000 * 124,500 114,400 118,600 
Botswana, primary? 24,255 19,996 23,146 24,382 24,000 * 
Brazil: 
Primary 179,700 178,367 184,400 ' 176,000 176,400 
Secondary? Е 40,000 40,000 39,100 € 31,000 47,700 
Total 219,700 218,367 223,500 ' 207,000 224,100 
Bulgaria: 
Primary 217,000 217,600 257,100 256,200 265,000 
Secondary 24,000 11,500 21,200 20,000 19,600 
Total __ 241,000 229,100 278,300 276,200 284,600 
Canada: 
Primary 484,675 470,713 443,798 316,510 318,000 
Secondary 35,826 46,101 41,777 29,733 31,800 
_ Total 520,501 516,814 485,575 346,243 349,800 
Chile, primary 1,565,400 1,514,300 1,369,200 1,522,300 1,559,800 
China:* 
oPümay SSS 1,920,000 2,110,000 2,500,000 2,700,000 " 2,800,000 
Secondary 700,000 . 800,000 870,000 1,100,000 1,300,000 
Total 2,620,000 2,910,000 3,370,000 3,800,000* — 4,100000 | 
Congo (Kinshasa), primary, electrowon 10,000 * 1,800 = 25 -- 
Finland: 
OR ы з 
ашаса му... 162,300 141,000 172,354 137,710 149,000 * 
Secondary | 2,000 2.000 2.000 2,000 2.000 
Total Е 164,300 143,000 174354 139,710 151,000 * 
Germany: 
Primary n 273,800 270,200 295,000 286,300 ' 378,700 
Secondary PPM 266,300 273,400 293,300 247,500 ' 212,400 
Total 540,100 543,600 $88,300 53380' — 591100 - 
India: ee A 
Primary 610,000 700,000 651,000 705,100 654,000 
Secondary 15.000 _ 15,000 11,000 10,000 2,000 
TES A s 625,000 715,000 662.000 715,100 656,000 
ae TERR 201,200 277,100 253,300 295,900 276,800 
_ ———— — 
нао 177,000 180,000 180,000 193,000 190,000 
a саа а 65,000 70,000 68,000 — 67,000 _ 90,000 
pe = х. 242,000 250,000 248,000 260,000 280,000 
4 =. инктер Ел ЕН pud 1,367,310 1,366,310 1,297,943 1,382,700 
Total — 2 219203 245,208 259,060 243,859 260,200 
Kazakhstan, undifferentiated pcs r 2. 5. 2. 2. 
Korea, North, undifferentiated 2222 15,000 | s. 000 Un а | 5000 


See footnotes at end of table. 
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TABLE 21—Continued 
COPPER: WORLD SMELTER PRODUCTION, BY COUNTRY "? 


(Metric tons, gross weight) 


See footnotes at end of table. 


COPPER... 2010 


Country 2006 2007 2008 2009 2010 
Korea, Republic of: 
Primary" 450,000 470,000 502,000 ' 455,000 476,000 
Secondary‘ 35,000 ' 45,000 42,000 ' 44,000 65,000 
Total 485,000 ' 515,000 544,000 ' 499,000 541,000 
Mexico: 
Primary 260,200 222,600 200,200 153,700 153,000 * 
Secondary 5,000 5,000 5,000 5,000 5,000 
Total 265,200 227,600 205,200 158,700 158,000 * 
Namibia, primary" * 22,000 21,000 16,271 ? 21,500 ^? 20,000 
‚ Oman, primary 20,710 13,940 11,906 12,000 * 14,000 
Pakistan, primary‘ 23,600 18,200 17,800 17,500 17,000 
Peru, primary 381,300 296,100 360,400 341,500" 312,968 
Philippines, primary 239,600 220,000 239,700 ' 230,100 216,200 
Poland: 
Primary 445,100 ' 438,100 438,600 427,800 ' 452,200 
Secondary 80,000 40,000 43,900 68,800 94,300 
Total 525,100" 478,100 482,500 496,600" 546,500 
Russia: 
Primary 635,000 650,000 630,000 580,000 590,000 
Secondary 312,000 290,000 235,000 220,000 240,000 
Total 947,000 940,000 865,000 800,000 830,000 
къу ---- 40,000 30,200 31,900 32,000 35,000 
Secondary 1,000 1,000 1,000 1,000 1,000 
ith. ee eere 41,000 31,200 32,900 33,000 36,000 
Slovakia, secondary 22,000 * 20,600 * 27,500 34,200 46,500 
South Africa, primary ——— 98,900 ' 111,900 ' 94,800 ' 86,900 ' 75,900 
Spain: 
E CENE о 263,100 249,400 256,900 261,000 236,000 
Seconda’ о о о ооо ОО 6,482 $ 6,700 3,000 4,000 19,000 
EM EE 269,582 256,100 259,900 265,000 255,000 
Sweden: 
юшту ооо S S 138,800 132,500 128,500 126,000 137,000 
Sune = 55,000 46,500 53,800 39,600 42,000 
E KEEN 193,800 179,000 182,300 165,600 179,000 
Thailand: 
ера 27,050 ' 12,714" = ii à 
Turkey, undifferentiated® 6 30,000 30,000 35,000 30,000 30,000 
United States, undifferentiated 501,000 617,000 574,000 597,000 601,000 
Uzbekistan, undifferentiated* 95,000 92,000 92,000 92,000 92,000 
Vietnam, primary“ 4,800 г,5 11,000 г,5 2,200 6,000 8,000 
Zambia, primary 290,000 224,000 232,000 * 334,000 490,000 


TABLE 21—Continued 
COPPER: WORLD SMELTER PRODUCTION, BY COUNTRY "2 


(Metric tons, gross weight) 
Country 2006 2007 2008 2009 2010 
Grand total: 14,100,000 14,300,000 14,700,000 14,900,000 " — 15,600,000 
Of which 

Primary: 

Electrowon 10,000 * 1,800 -- -- -- 

Other 10,900,000 " 11,000,000 " 11,300,000 € 11,400,000 " — 11,800,000 

Secondary 2,070,000" 2,150,000" 2,240,000" 2,370,000 ' 2,690,000 


Undifferentiated 1,070,000 ' 1,150,000 ' 1,110,000" 1,100,000” 1,110,000 
"Estimated. PPreliminary. 'Revised. — Zero. 


"World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 

"This table includes total production of smelted copper metal, including low-grade cathode produced by electrowinning methods. 
The smelter feed may be derived from ore, concentrates, copper precipitate or matte (primary), and (or) scrap (secondary). 

To the extent possible, primary and secondary output of each country is shown separately. In some cases, total smelter production is 


officially reported, but the distribution between primary and secondary has been estimated. Table includes data available through 
July 28, 2011. 


Copper content of nickel-copper matte exported to Norway for refining. 


*Includes 8,000 to 10,000 metric tons per year for 2006 produced from imported toll concentrates. 
i Reported figure. 


°Secondary production is estimated to be about one-third of total. 
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Country 


Argentina, secondary“ 
Australia, primary: 

Electrowon 

Other 
Total 

Austria, secondary 
Belgium: 

Primary’ 

Secondary 
Total 

Brazil: 

Primary: 
Electrowon 
Other 

Total 

Secondary 


Total, primary and secondary 
Bulgaria: 


Primary 


Secondary" 


Total 
ENS з Шеш _ 
Burma, electrowon | 


Eu вала eC; 
Chile, primary: 


Electrowon 


—_—АА ы Ш. - 
Primary: 
rcc IMEEM 
Electrowon 


Other 


Total 
Se сић М 52-2 220-222 
Secondary 


Total, primary and secondary 
Congo (Kinshasa), electrowon 
Cyprus, electrowon 


EgyPt, secondary 


Finland: 
Pimy aa 
Secondary 
Total 
бшу О 7 —— — — —— 
_Primary —— 
Sonay — 


so TREE 
Total 


See footnotes at end of table. 
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TABLE 22 
COPPER: WORLD REFINERY PRODUCTION, BY COUNTRY"? 


(Metric tons) 


2006 
16,000 


52,400 
377,000 
429,400 

72,600 


238,000 * 
153,000 
391,000 * 


r 


192,700 ' 
192,700 ' 
27,000 
219,700 ' 


2007 
16,000 


42,000 
400,000 
442,000 

81,400 


228,500 
165,600 
394,100 


900 ' 
194,380 ' 
195,280 ' 

24,000 
219,280 ' 


2008 
16,000 


53,000 
450,000 
503,000 
106,700 


233,100 
162,700 
395,800 


3,800 ' 
204,375 ' 
208,175 ' 

25,633 
233,808 ' 


2009 
16,000 


` 23,000 
423,000 
446,000 

96,200 


220,600 
153,100 
373,700 


6,500 ' 
193,899 ' 
200,399 ' 

31,000 
231,399! 


2010 
16,000 


14,000 
403,000 
417,000 
113,700 ? 


216,000 
165,000 
381,000 


7,400 
177,800 
185,200 

47,700 


 ————— —— Ó— T E A— GA" ! Unn—nÁ—— 


232,900 


 ——————Q E E IÍ—n—ÍÁ — 


60,700 " 64,400 ' 114,200 * 183,600 195,400 
4,800 ' 5,700 € 12,600 € 13,200 19,600 
65,500 ' 70,100" 126,800 ' 196,800 215,000 
19,500 15,100 -- 5,000 ' 12,000 * 
465,000 407,000 400,000 305,296 280,000 
36,000 46,000 42,000 30,600 32,000 
501,000 453,000 442,000 335,896 312,000 
1,691,800 1,832,100 1,971,000 2,117,500 " 2,088,500 
1,119,500 1,104,400 1,086,600 1,159,100 1,155,400 
2,811,300 2,936,500 3,057,600 3,276,600 * 3,243,900 
20,000 20,000 20,000 17,000 ' 35,000 
2,000,000 2,280,000 2,680,000 2,750,000 2,950,000 
2,020,000 2,300,000 2,700,000 2,770,000 * 2,990,000 
1,000,000 1,200,000 1,200,000 1,400,000 1,700,000 
3,020,000 3,500,000 3,900,000 4,170,000 ' 4,690,000 
-- 6,897" 38,632" 154,671" 235,204 
1,000 2,900 2,986 2,380 2,400 * 
1,719! 2,664 ' 2,842 ' 3,000 ' 3,000 * 
120,674 100,987 127,952 95,549 112,000 * 
16,000 10,000 10,000 10,000 10,000 
136,674 110,987 137,952 105,549 122,000 * 
312,092 301,702 300,470 290,200 346,300 Р 
350,246 363,815 389,300 378,745 ' 347,300 Р 
662,338 665,517 689,770 668,945 ' 693,600 P 
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TABLE 22—Continued 


COPPER: WORLD REFINERY PRODUCTION, BY COUNTRY"? 


Country 


Hungary, secondary" 
India: 
Primary, electrolytic 
Secondary? 
Total 
Indonesia, primary 
Iran: 


Electrowon 


E RE 
Total 


Secondary 
Total, primary and secondary 


Talyseondanf —— 0 0 0 0 
D ааа аа ы 
орнау. 
ен 
NE ПН 
Kazakhstan, primary _________- 
Koma Republic of — — 0 00 
Ko ее 
р о эш cei ence eee 
Ш 
Laoselecrowon — | | | -- 
Мехісо: некент 
"Prima: O o o ---5:: 
__Ејспомоп _________-_------ 
Other 
Total 


Secondary. 
Total, primary and secondary 


‘Mongolia, electrowon _______---------- 
Norway, іта 
Oman, primary ______---------- 
Peru, primary: 

Electrowon 7 

Other 

Total 

Philippines, primary 


Primary 


See footno 


(Metric tons) 


2006 
10,000 


614,000 

15,000 
629,000 
217,600 


9,000 
140,000 
149,000 

51,000" 
200,000 * 
36,400 ^ 


1,342,350 
189,705 
1,532,055 
427,723 
15,000 


541,500 ' 
34,000 
575,500" 
60,803 


89,076 
284,300 
373,376 
6,000 
379,376 
2,618 

38,500 * 


173,871 
333,839 
507,710 


2007 2008 2009 2010 
10,000 > с E 
698,600 654,200 705,100 654,900 
15,000 15,000 10,000 2,000 
713,600 669,200 715,100 656,900 
271,000 254,000 289,200 278,200 
8,000 7,000 7,000 7,000 
141,000 ' 140,000 150,000 143,000 
149,000 ' 147,000 157,000 150,000 
52,000 ' 53,000 53,000 70,000 
201,000 ' 200,000 210,000 220,000 
28,600 ^ 24,200 6,500 6,500 
1,369,814 1,328,157 1,238,012 1,333,800 
207,004 211,681 201,831 214,900 
1,576,818 1,539,838 1,439,843 1,548,700 
406,091 398,411" 368,113 ' 323,428 
15,000 15,000 15,000 15,000 
536,467" 492,925 ' 441,401 ' 467,600 
45,000 45,000 ' 90,300 ' 97,000 
581,467 ' 537,925 ' 531,701 ' 564,600 
62,541 64,075 ' 67,561! 64,241 

107,000 74,500 65,700 * 80,000 * 

238,900 215,500 190,000 * 192,600 
345,900 290,000 255,700 272,600 
6,000 6,000 5,000 5,000 
351,900 296,000 260,700 277,600 
3,007 2,587 2,470 2,750 
43,000 32,000 30,000 30,000 

21,000 14,000 12,000 12,000 14,000 __ 
172,118 160,078 157,082 ' 153,022 
241,789 303,855 260,618 ' 240,616 
413,907 463,933 417,700 ' 393,638 

181,000 160,200 174,600 ' 178,000 ' 171,900 __ 
493,200 483,000 433,600" 452,700 
68,800" 94,300 


476,100 
80,500 


39,800 
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43,800 " 
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5% tal > SEE 556,600 533,000 526,800 ' 502,400 
"ota 
tes at end of table. 
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Country 
Romania: 
Primary 


Secondary. : 
Total 
Russia: 


Primary 
Secondary 
Total 
Serbia: 
Primary 
Secondary 
Total 
South Africa, primary? 
Spain: 
Primary: 
Electrowon 
Other 
Total 
Secondary. - 
Total, primary and secondary 
Sweden: 


Primary 
Secondary 


Total 


Taiwan, secondary 
Thailand: 


Primary 


Secondary 
Total 


Turkey | 
Primary 
Secondary 
Total 


Ukraine, secondary 
United States: 
Primary: 

Electrowon 
"UE os o 59 Hec 
Пош — 
тшу 

Total, primary and Secondary 


Uzbekistan, primary 
Vietnam, primary 
Zambia, primary 
Electrowon® 
Other BEEN 
о 


See footnotes at end of table. 


COPPER- 2010 


(Metric tons) 


2006 


18,583 
3,000 
21,583 


635,000 
312,000 
947,000 


40,000 
1,000 
41,000 
104,052 


235,300 
235,300 

64,000 
299,300 


187,800 
41,200 
229,000 
4,500 


25,300 
1,750 
27,050 


101,000 
5,000 
106,000 
20,000 


530,000 
675,000 
1,210,000 
44,800 
1,250,000 
92,300 


178,000 
240,000 
418,000 


TABLE 22—Continued 
COPPER: WORLD REFINERY PRODUCTION, BY COUNTRY"? 


2007 


15,584 
3,000 
18,584 


650,000 
289,000 
939,000 


30,600 
1,000 
31,600 
113,166 


243,000 
243,000 

65,000 
308,000 


175,500 
38,500 
214,000 
4,500 


11,900 
814 
12,714 


94,600 

5,000 
99,600 
20,000 


504,000 
764,000 
1,270,000 
46,000 
1,310,000 
89,655 


200,000 
230,000 
430,000 


2008 


10,323 
3,000 
13,323 


610,000 
250,000 
860,000 


32,800 

1,000 
33,800 
92,972 


257,000 
257,000 

62,000 
319,000 


184,674 
43,100 
227,774 
4,500 


83,000 

5,000 
88,000 
20,000 


507,000 
713,000 
1,220,000 
53,800 
1,270,000 
71,000 


175,000 
240,000 
415,000 


ынны нын ____________-_.________________-_- _______-_______<=-==<==< ст 


|__________________-_______-_-______________________------- о ————————— ланы 


ne 


2009 2010 
3,000" 3,000 * 
1,000 ' 1,000 
4,000 ' 4,000 * 
612,000 ' 656,000 
250,000 ' 218,000 
862,000 ' 874,000 
33,000 34,000 
1,000 1,000 
34,000 35,000 | 
89,451 82,202 
5.600 € 28,500 
250,200 ' 236,000 
255,800 * 264,500 
73,000 € 82,900 
328,800" 347,400 
164,759 150,497 
41,000 40,000 % 
205,759 190,497 
4,500 4,500 
490" 500 
490° 500 
30,000 50,000 
4,000 5,000 
34,000 55,000 
20,000 20,000 
476,000 430,000 
636,000 627,000 
1,110,000 1,060,000 
46,400 37,700 
1,160,000 1,090,000 
80,000 90,000 
6,000 * 6,000 * 
145,400 * 160,000 
269,000 * 370,000 
414,400 * 530,000 


20.29 


20.30 


(Metric tons) 

Country 2006 

Zimbabwe, primary 7,000 

Grand total 17,300,000 
Of which: 
Primary: 

Electrowon 2,830,000 

Other 11,900,000 

Total 14,700,000 

Secondary 2,600,000 ' 


TABLE 22—Continued 
COPPER: WORLD REFINERY PRODUCTION, BY COUNTRY? 


*Estimated. PPreliminary. 'Revised. -- Zero. 
мона totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


2This table includes total production of refined copper whether produced by pyrometallurgical or electrolytic refining methods and whether | 
derived from primary unrefined copper or from scrap. Copper cathode derived from electrowinning processing is also included. Table includes 


data available through July 28, 2011. 


3Includes reprocessed leach cathode from Congo (Kinshasa). 


“Reported figure. 
May include secondary. 


2007 
6,798 4 
17,900,000 


2,980,000 
12,100,000 ' 
15,100,000 
2,790,000 ' 


2008 
3,072 4 
18,300,000 


3,080,000 
12,400,000 
15,500,000 

2,810,000 ' 


SElectrowon covers only high-grade electrowon cathodes reported as “finished production leach cathodes.” 
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2009 
3,000 
18,400,000 


3,250,000 
12,100,000 ' 
15,400,000 

3,010,000 ' 


2010 
5,000 
19,100,000 


3,320,000 
12,500,000 
15,800,000 

3,350,000 
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DIAMOND, INDUSTRIAL 
By Donald W. Olson 


Domestic survey data and tables were prepared by Connie Lopez, statistical assistant, and the author. The world production 
tables were prepared by Glenn J. Wallace, international data coordinator. 


In 2010, U.S. synthetic diamond production was estimated to 
be 93.0 million carats (Mct) with an estimated value of $66.4 
million. U.S. imports of all forms of industrial diamond totaled 
about 597 Mct valued at almost $119 million, while exports 
totaled more than 113 Mct valued at almost $52.8 million. The 
estimated U.S. apparent consumption of all forms of industrial 
diamond was 612 Mct with an estimated value of $150 million. 
Total industrial diamond output worldwide was estimated by 
the U.S. Geological Survey (USGS) to be about 4.45 billion 
carats valued between $1.65 and $2.50 billion. This was the 
combination of more than 63.8 Mct natural industrial diamond 
and about 4.38 billion carats synthetic industrial diamond. 

Diamond is best known as a gemstone, but some of its 
unique properties make it ideal for many industrial and research 
applications as well. Current information on gem-grade diamond 
can be found in the USGS Minerals Yearbook, volume I, Metals 
and Minerals, chapter on gemstones. Diamond that does not 
meet gem-quality standards for clarity, color, shape, or size is 
used as industrial-grade diamond. Production and consumption 
quantities and values reported are estimated to avoid disclosing 
company proprietary data and still provide useful data on the 
overall market. Trade data in this report are from the U.S. 

Census Bureau. АП percentages in the report were computed 
using unrounded data. The USGS does not conduct surveys of 
either domestic polycrystalline diamond (PCD) producers or 
domestic chemical vapor deposition (CVD) diamond producers 
for quantity or value of annual production. Also, trade and 


consumption quantity or value data are not available for PCD or 
for CVD diamond. 


Production 


The USGS conducts an annual survey of domestic industrial 
diamond producers and U.S. firms that recover diamond wastes. 
Although most of these companies responded to the 2010 
survey, one of the three industrial diamond recycling firms did 
hot report data that they deemed to be proprietary. To protect the 
Peas data of other producers and recyclers, only estimates 
IL primary and secondary output are provided in this 
| 7 the world’s leading producers of synthetic industrial 
тене : United States accounted for an estimated output 
1 e V lued at more than $66.4 million in 2010. Only two 
"à - рашез produced synthetic industrial diamond during 
у yeat—Diamond Innovations, Inc. (Worthington, OH) and 

Bod Inc. (Smithfield, PA). 
coe eight U.S. companies also manufactured PCD 
бй ix lamond grit and powder. These companies were 
ети о. (Houston, TX), Diamond Innovations, Novatek 
Provo) T ‚ UT), Precorp Inc. (Provo), Sii MegaDiamond Inc. 

‚ tempo Technology Corp. (Somerset, NJ), US Synthetic 
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Corp. (Orem, UT), and Western Diamond Products LLC 
(Salt Lake City, UT). 

During 2010, an estimated 33.8 Mct of used industrial 
diamond worth about $17.3 million was recycled in the 
United States. Recycling firms recovered most of this material 
from used diamond drill bits, diamond tools, and other 
diamond-containing wastes. Additional diamond was recovered 
during the year from residues generated in the manufacture 
of PCD; most of this material was recovered from within the 
production operations of the PCD-producing companies. 

The recovery and sale of industrial diamond was the principal 
business of three U.S. companies in 2010—Industrial Diamond 
Laboratory, Inc. (Bronx, NY), International Diamond Services 
Inc. (Houston, TX), and National Research Co. (Fraser, MI). 

In addition to these companies, other domestic firms may have 
recovered industrial diamond in smaller secondary operations. 

There were no commercially operated diamond mines in the 
United States during 2010. The last commercially operated 
diamond mine in the United States closed in 2002 and was fully 
reclaimed. 


Consumption 


Diamond is the hardest known material and has the highest 
thermal conductivity of any material at room temperature. Diamond 
is more than twice as hard as its nearest competitors, cubic boron 
nitride and silicon nitride. Because it is the hardest substance 
known, diamond has been used for centuries as an abrasive in 
cutting, drilling, grinding, and polishing. Industrial-grade diamond 
continues to be used as an abrasive for many applications. Even 
though it has a higher unit cost, diamond has proven to be more 
cost-effective in many industrial processes because it cuts faster and 
lasts longer than alternative abrasive materials (Boucher, 1997 
р. 26.6). Diamond also has chemical, electrical, optical, and thermal 
characteristics that make it the best material available to industry 
for wear- and corrosion-resistant coatings, special lenses, heat sinks 
in electrical circuits, wire drawing, computing, and other advanced 
technologies. 

Both synthetic and natural diamonds have industrial uses 
Synthetic industrial diamond is superior to its natural diamond 
counterpart because its properties can be tailored to specific 
applications, and it can be produced in large quantities (Bouch 
1996). For these reasons, synthetic diamond accounts for abo E 
94% of the industrial diamond used in the United States and ! 
about 99% of the industrial diamond used іп the world 

The United States remained the world's leading Habe f 
industrial diamond in 2010. Based on production а а 
trade data, U.S. apparent consumption of industrial damon 2 
during the year increased 100% to an estimated 612 Mct val 
at $150 million compared with 305 Mct valued at $109 s : 
in 2009. This apparent consumption was the combination т m 
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556 Mct of diamond bort, grit, dust, and powder valued at 
$63.2 million and 55.9 Mct of diamond stone valued at 

$86.5 million. These large increases were owing to industrial 
sectors that consume industrial diamond beginning to recover 
from the negative impacts of the economic recession. 

The major consuming industries of industrial diamond in 
the United States during 2010 were construction, machinery 
manufacturing, mining services (exploration drilling for 
minerals, natural gas, and oil), stone cutting/polishing, and 
transportation systems (infrastructure and vehicles). Within 
these sectors, stone cutting and highway building/repair together 
made up the largest demand for industrial diamond. Research 
and high-technology uses included close-tolerance machining of 
ceramic parts for the aerospace industry, heat sinks in electronic 
circuits, lenses for laser radiation equipment, polishing of 
silicon wafers and disk drives, and other applications in the 
computer industry. 

Diamond tools have numerous industrial functions. Diamond 
drilling bits and reaming shells are used principally for 
minerals, natural gas, and oil. Other applications of diamond 
bits and reaming shells include foundation testing, masonry 
drilling, and inspecting concrete. The primary uses of point 
diamond tools are for dressing and truing grinding wheels 
and for boring, cutting, finishing, and machining applications. 
Beveling glass for automobile windows IS another application. 
Cutting dimension stone and cutting/grooving concrete in 
highway reconditioning are the main uses of diamond saws; 
other applications include cutting composites and forming 
refractory shapes for furnace linings. Very fine diamond saws 
are used to slice brittle metals and crystals into thin wafers 
for electronic and electrical devices. Diamond wire dies are 
essential for high-speed drawing of fine wire, especially from 
hard, high-strength metals and alloys. The primary uses of | 
diamond grinding wheels include edging plate glass, grinding 
dies, grinding parts for optical instruments, and sharpening and 
shaping carbide machine tool tips. 


Two types of natural diamond are used by industry—diamond 


50 micrometers) and 
enerally larger than 60 mesh/2 | | 
5 bort ыйы. fragmented material). Diamond stone 


is used mainly in drill bits and reaming shells used by mining 
anies; it also is incorporated in single- or multiple-point 
um d tools diamond saws, diamond wheels, and diamond 
emp Diamond bort is used for drill bits and as a loose 
-> abrasive for polishing. Other tools that incorporate natural 
5. include bearings, engraving points, glass cutters, and 


ical instruments. M 
E thetic diamond grit and powder are used in diamond 
+ impregnated bits and tools, and as a 


indi heels, saws, and 
PEE for polishing. Diamond grinding wheels can be 


eter in diameter. | 2n 
as large as | m de with synthetic diamond for polishing 


ma 
oose powders made ' | 

K d у to finish cutting tools, gemstones, jewel 
о ces, silicon wafers, and wire-drawing 


j optical surfa 
22 4. chips. Hundreds of other products made | 
s а glass metals, and plastics also are finished with 
rom € , , 


‘amond powders. | 
Е e of PCDs used by ind 


diamond compacts (PDCs) and po 


ustry are polycrystalline 
lycrystalline diamond shapes 
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(PDSs). The use of PDCs and PDSs continues to increase for 
many of the applications cited above, including some of those 
that employ natural diamond. The use of PDCs, PDSs, and 
matrix-set synthetic diamond grit for drilling bits and reaming 
shells has increased in recent years. PDCs and PDSs are used п 
the manufacture of single- and multiple-point tools, and PDCs 
are used in a majority of the diamond wire-drawing dies. 
Since its introduction in the mid-1980s, CVD diamond 
has seen strong growth and is presently being accepted by 
multiple industries as an enhanced material of choice owing 
to its properties of exceptional strength, durability, stiffness, 
high thermal conductivity, and electrical isolation. The global 
market value of industrial diamond and diamond-like films and 
coatings was estimated to have been $905 million in 2010, and 
is expected to increase to more than $1.7 billion in 2015. 
Early applications for CVD diamond focused largely 
around thin- and thick-film PCD for cutting tools and dressing 
applications because of the mechanical properties of diamond. 
Newer applications that take advantage of CVD diamond's 
mechanical properties include wear parts, such as watch gears 
and chemical mechanical polishing pad conditioners. Diamond 
has tremendous potential for electronics applications because 
it significantly improves upon current strategies for thermal 
management while remaining highly cost-competitive with 
other approaches. CVD diamond is used in microelectronic 
components, such as high-speed processors, medical devices, 
wide bandgap radio frequency (RF) devices, power conversion 
devices, and opto-electronic devices (light emitting diodes, 
laser diodes) that generate exceptionally high heat densities 
requiring innovative approaches to thermal management. In 
the manufacture of semiconductors, wafer scale diamond 
offers enhanced mechanical properties, such as significantly 
higher stiffness, strength, hardness, thermal conductivity, 
and chemical inertness than silicon and most other thin-film 
materials, which are commonly used. Diamond coatings are 
finding increasing use in electronic applications because p 
the high thermal conductivity of diamond (1 0 times that И | 
silicon). Micro-electro-mechanical systems (MEMS), suc p 
RF MEMS resonators, have design needs that offer a compe 5 
case for the use of diamond as a base material as a result of 
i i : lus and its durability 
superior properties (high Young $ Modu | 2-2 
in harsh environments). Researchers are investigating t Ba 
of boron-doped diamond (BDD) electrodes for 2. 
owing to diamond's potential as an environmentally i 
. i electrodes have 
high performance electrode material. BDD pass 
many characteristics that make them ideal for m 
organic contaminants from water Mu 20 Ee 
Historically, diamond has been perceive pda V 
material. Advances in CVD diamond а. | 
development of microwave carbon dip nen (HF) СУР 
the development of higher-throughput о 1 diamond costs 
diamond reactors have significantly reduce - ;ctivities and 
This led many industries to revisit developmen rowing number 
actively pursue the use of CVD diamond for a 8 


of applications (Zimmer, 2011). 
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Prices 


Pricing of natural diamond was driven up by strong demand 
at auctions held in all of the global diamond centers. This 
has affected prices of industrial diamond as well as gemstone 
diamond. These price increases were a reflection of strong 
demand for the whole range of rough diamonds for industrial 
markets (Roffman, 2011). 

Natural and synthetic industrial diamonds differ significantly 
in price. Natural industrial diamond normally has a more limited 
range of values, from about $0.49 per carat for bort size material 
to about $2.50 to $10 per carat for most stones, with some larger 
stones selling for $200 per carat or more. Prices of synthetic 
diamond vary according to size, shape, crystallinity, and the 
absence or presence of metal coatings. In general, prices for 
synthetic diamond for grinding and polishing range from as low 
as $0.26 per carat to $2.50 per carat. Strong and blocky material 
for sawing and drilling sells for $2.50 to $4.00 per carat. Large, 
synthetic crystals with excellent structure for specific applications 
sell for several hundred dollars per carat. During 2010, U.S. 
imports of all types of industrial diamond had an average value of 
3020 per carat. These imports were a combination of imports of 
diamond bort, grit, and dust and powder (natural and synthetic) 
that had an average value of $0.15 per carat and imports of 
diamond stone (natural and synthetic) that had an average value 
of $18.80 per carat. 


Foreign Trade 


The United States continued to lead the world in industrial 
diamond trade in 2010; imports were received from 33 countries 
and exports and reexports were sent to 35 countries 
(tables 1-4). Although the United States has been a major 
producer of synthetic diamond for decades, expanding domestic 
markets have become more reliant on foreign sources of 
Industrial diamond in recent years. U.S. markets for natural 
industrial diamond have always been dependent on imports 
and secondary recovery operations because there has been no 
domestic production of natural diamond. 

During 2010, U.S. imports of industrial-quality diamond 
Stones (natural and synthetic) increased by 23% from those of 
2009 to about 1.72 Mct valued at about $32.3 million (table 1). 
The average value of these industrial-quality diamond stone 
Imports was $18.80 per carat. Imports of diamond dust, grit, and 
powder (natural and synthetic) more than doubled from those 
of 2009 to 596 Ме! valued at about $86.5 million (table 2). The 
average value of these industrial diamond dust, grit, and powder 
Imports was $0.15 per carat. 

Reexports account for a $; gnificant portion of total exports/ 
reexports; therefore, exports and reexports are listed separately 
Was and 4 so that U.S. trade and consumption can be 
is 2 e more accurately, During 2010, the United States did 
% is MI diamond stones, unchanged from 2009. U.S. 
5. 4 а diamond stone increased by 14% from 
E Ks ү 1.08 Mct valued at $23.4 million and an average 
ang e vs Eds (table 3). U.S. exports of industrial 
by 68% from ; ; i: powder (natural and synthetic) increased 
Е ose of 2009 to 113 Mct valued at $52.8 million 

average value of $0.47 per carat. Reexports of industrial 
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diamond dust, grit, and powder (natural and synthetic) increased 
by 8596 from those of 2009 to 18.2 Mct valued at $8.73 million 
and an average value of $0.48 per carat (table 4). 


World Industry Structure 


In 2010, industrial diamond was produced in 28 countries 
(tables 5, 6). Total industrial diamond output worldwide was 
estimated by the USGS to be about 4.45 billion carats valued 
between $1.65 and $2.50 billion. Natural industrial diamond 
production worldwide was estimated to be more than 63.8 Mct, 
a 1596 increase compared with that of 2009. Congo (Kinshasa) 
was the leading producing country, followed by Russia and 
Australia, in descending order of quantity. These three countries 
produced more than 74% of the world's natural industrial 
diamond (table 5). Synthetic industrial diamond production 
worldwide was estimated to be more than 4.38 billion carats, 

a slight increase compared with that of 2009. China was the 
leading producing country, followed by the United States, 
Russia, Ireland, and South Africa, in descending order of 
quantity. These five countries produced about 98% of the 
world's synthetic industrial diamond (table 6). 

In addition to the countries listed in table 6, Germany and the 
Republic of Korea produced synthetic diamond, but specific 
data on their output could not be confirmed. In 2010, 9794 of 
the total global natural and synthetic industrial diamond output 
was produced in China, Ireland, Russia, South Africa, and the 
United States. Synthetic diamond accounted for more than 9994 
of global diamond production and consumption. 


World Review 


Global diamond production increased 1094 during 2010 to 
144 Mct. The world's leading rough diamond producers, in 
decreasing order of quantity produced, were: Russia, producing 
32.8 Mct or 23% of total world production; Botswana, with 
32.0 Mct (22%); Congo (Kinshasa), with 27.7 Mct (19%); 
Angola, with 13.8 Mct (10%); Canada, with 11.8 Met (8%): 
Australia, with 10.0 Mct (7%); South Africa, with 8.9 Mct (6%); 
and other countries, with 6.76 Mct (5%) (table 5). | 

Worldwide diamond exploration allocations decreased 994 in 
2010, to $357 million spent by 99 companies compared with 
$393 million by 113 companies during the previous year. This 
lowered the diamond share of overall worldwide exploration 
spending to 396 during 2010. Planned diamond exploration 
spending in 2010 was the least budgeted since 2003. Africa was 
the most popular diamond exploration location for the seventh 
year in a row, although Africa's share of overall exploration 
spending decreased to 35% in 2010 from almost 50% in 2009 
Canada's share of total diamond exploration budgets increased to 
29% in 2010 from 18% in 2009. De Beers Group dropped from 
the position of top diamond explorer that it had held for well ove 
а decade, and was replaced by ALROSA Co. Ltd. ALROSA, D 
Beers Group, and Rio Tinto plc were the three leading danodd 
exploring companies, accounting for 57% of the estimated 
$357 million total global diamond exploration budget in 2010 
(Metals Economics Group, 2010, p. 8—9; 201 l, p. 13). 

Worldwide in 2010, diamond prices recovered 


strongl 
the downturn caused by the global recession. Th m 


e гесоуегу Was 
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le | 

ти “pruri a the U.S. mar kets; this was demonstrated by 

м” of diamond imports іп 2010 and 
es in North Ameri - ; 

Group, 2011, p. 10). rica overall (Metals Economics 

Worldwide in 2010, three diamond mines started up, including 
one mine reopening. One of the startups was in Botswana, 
one in Brazil, and the reopening was in South Africa (Metals 
Economics Group, 2011, p. 15). 

Botswana.—Firestone Diamonds plc received a license for 
mining the BK11 Mine in July 2010, and began operating phase 
I of the production plant. Work on phase 2 was completed in 
the third quarter of 2010, increasing the ore production rate to 
1.5 million tons per year. The mine reached full production of 
150,000 carats per year in the fourth quarter 2010. The ВКІП 
Mine is an open pit operation, which is 90% owned by Firestone 
Diamonds plc and 10% by a local company. Firestone estimated 
the BK11 mine's reserves to be 18.0 million tons (Mt) at start up 
(Metals Economics Group, 2011, p. 15). 

Brazil. —During the third quarter 2010, Vaaldiam Mining Inc. 
started production at its Duas Barras alluvial mining operation. 
Diamond recovery during the quarter was 643 carats from ore 
grading 0.03 carats per cubic meter. The ore grade improved 
after September with the opening of a second mining front that 
exposed large amounts of better quality gravels. The recovered 
diamond grade was approximately 0.16 carats per cubic meter. 
Vaaldiam estimated the reserves to be 2.3 Mt for Duas Barras 
(Metals Economics Group, 2011, p. 15). | 

Canada.— Canadian diamond production was about | 
11.8 Mct during 2010, an increase of about 8% compared with 
that of 2009. Diamond exploration continued in Canada, with 
several commercial diamond projects and additional discoveries 
in Alberta, British Columbia, the Northwest Territories, the 
Nunavut Territory, Ontario, and Quebec. In 2010, Canada 
produced 8.276 of the world's combined natural gemstone and 
industrial diamond output. | 

The Ekati Diamond Mine, Canada's first operating 
commercial diamond mine, completed its twelfth full year 
of production in 2010. Ekati produced 2.89 Mct of diamond 
from 4.85 Mt of ore. BHP Billiton Ltd. has an 80% controlling 
ownership in Ekati, which is in the Northwest Territories. Ekati 
has estimated remaining reserves of 38.5 Mt of ore in kimberlite 
pipes that contain 18.3 Mct of diamond. BHP Billiton projected 
the remaining mine life to be 12 years. Approximately 21% of 
the Ekati 2010 diamond production 1$ industrial-grade material 
(BHP Billiton Ltd., 2011, p. 10; Perron, 2011, p. D. | 

The Diavik Diamond Mine, Canada's second diamond mine, 
also located in the Northwest Territories, completed its eighth 
full year of production. In 2010, Diavik produced 6.5 Mct of | 
diamond, an increase of 16% from the previous year's production. 
At yearend 2010, Diavik estimated the mine's remaining proven 
and probable reserves to be 18 Mt of ore in kimberlite pipes 
containing 52.2 Mct of diamond and projected the total mine life 
to be 16 to 22 years. Diavik began developing an underground 
mine and substantially completed construction on the project 
during 2009. The first ore was produced from the underground 
mine during the first quarter of 2010, with full production 
expected in 2013. The mine is an unincorporated joint venture 
between Diavik Diamond Mine Inc. (6096) and Harry Winston 
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Diamond Mines Ltd. (4096) (Diavik Diamond Mine Inc., 2011; 
Perron, 2011, p. 2). 

Canada's third diamond mine, the Jericho Diamond Mine, 
is located in Nunavut and was originally owned by Tahera 
Diamond Corp. Tahera estimated the Jericho Diamond Mine’s 
reserves to be about 5.5 Mt of ore grading 0.85 carats per ton. 
The Jericho Diamond Mine experienced startup problems 
related to ore mining and processing. The mine also suffered 
financial problems owing to the cost of transporting supplies 
to the mine site, high operational costs, high oil prices, and 
appreciation of the Canadian dollar versus the U.S. dollar. All 
of these problems combined to force the company to enter into 
protection under Canada's “Companies’ Creditors Arrangement 
Act" on January 16, 2008, and the mine suspended production 
on February 6, 2008. At yearend 2009, Tahera was finalizing 
arrangements to sell all of its Jericho Mine assets (Perron, 2011, 
p. 2). In July 2010, Shear Minerals Ltd. (now known as Shear 
Diamonds Ltd.) announced that it had entered into a purchase 
agreement with Tahera and Benachee Resources Inc. to acquire 
a 100% interest in the Jericho Diamond Mine, the mine's 
processing facilities, and all supporting exploration assets in the 
Kitikmeot region of Nunavut (Shear Minerals Ltd., 2010). Shear 
Minerals completed the acquisition of the Jericho Diamond 
Mine in August 2010 with the intention of bringing the mine 
back into production (Shear Minerals Ltd., 2011). 

The Snap Lake Mine, which is wholly owned by De Beers 
Canada Inc., is in the Northwest Territories. The Snap Lake 
deposit is a tabular-shaped kimberlite dyke rather than the 
typical kimberlite pipe. The dyke is 2.5 meters thick and dips at 
an angle of 12? to 15?. The deposit was mined using a modified 
room and pillar underground mining method in 2010. The Snap 
Lake Mine started mining operations in October 2007, reached 
commercial production levels in the first quarter of 2008, and 
officially opened June 25, 2008. The mine was expected to 
produce 1.4 Mct per year of diamond, and the mine life was 
expected to be about 20 years. The mine's production for 2010 
amounted to 926.000 carats for a recovered grade of 1.2 carats 
per ton (De Beers Canada Inc., 2011; Perron, 2011, p. 2-3). 

The Victor Mine, which also is wholly owned by De Beers 


Ms e 
Canada, is in northern Ontario on the James Bay coast. Th 


Victor kimberlite consists of two pipes with surface area 0 
e initiated mining 


15 hectares (37.1 acres). The Victor Min P 
operations at the end of December 2007 and was ET M 
opened on July 26, 2008. The Victor reportedly has 27: : 
of ore with average ore grade of 0.23 carats рет ton е 
minable reserves. At full capacity, the open pit mine E. 
expected to produce 600.000 carats per year, a е 
life was expected to be about 12 years. In 2010, t а Mus 
production was 826,000 carats recovered from 2. қ 
(De Beers Canada Inc., [undated]; Perron, n io ГЕ 
South Africa.—\n 2007, Petra Diamonds Lt i a million 
Kimberley diamond operations from De Baths reopen ће 
After completing the mine rehabilitation, ШІ. 1 been prod ucing 
underground mine in September 2010. deus years. During 
from tailings and stockpile for the D e 4 25,000 carat 
the fourth quarter 2010, Kimberley pro ai carats foran 
grading 0.14 carats per ton, and sold 17, berley Mine is 74% 
average price of $285 per carat. The Kim 
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owned by Petra Diamonds Ltd. and 26% by Sedibeng. Petra 
estimated the Kimberley Mine's reserves to be 57.0 million 


| tons. Kimberley's production was expected to be 100,000 carats 


from the processing of 1 million tons per year of ore (Metals 


‚ Economics Group, 2011, p. 15). 


Outlook 


China is expected to remain the world's leading producer of 
synthetic industrial diamond, with annual production exceeding 
4 billion carats. The United States is likely to continue to be one 
ofthe world's leading markets for industrial diamond into the 
next decade and likely will remain a significant producer and 
exporter of synthetic industrial diamond as well. U.S. industrial 
diamond production, imports, and apparent consumption is 
expected to continue to increase as manufacturing sectors that 
use industrial diamond recover from the negative impact of 
the economic recession that started in mid-2008. U.S. demand 
for industrial diamond is likely to continue in the construction 
sector as the United States continues building and repairing the 
Nation's highway system. 

Diamond offers many advantages for precision machining and 
longer tool life. In fact, even the use of wear-resistant diamond 
coatings to increase the life of materials that compete with 
diamond is а rapidly growing application. Increased tool life not 
only leads to lower costs per unit of output but also means fewer 
tool changes and longer production runs (Advanced Materials 
& Processes, 1998). In view of the many advantages that come 
from increased tool life and reports that diamond film surfaces 
can increase durability by a factor of 50, much wider use of 
diamond as an engineering material is expected. 

PCD for abrasive tools and wear parts are likely to continue 
to replace competing materials in many industrial applications 


' by providing closer tolerances as well as extending tool life. 


For example, PDCs and PDSs will continue to displace natural 
diamond stone and tungsten carbide products used in the drilling 
and tooling industries. 
CVD technology can produce extremely pure diamond 
crystals that have great potential in computer technology in the 
production of diamond computer chips when their cost becomes 
competitive. These diamond computer chips will work at a 
much higher frequency or faster speed and can be placed in a 
higher-temperature environment than the silicon chips currently 
used computers. Eventually, they may replace silicon chips 
in computers. CVD diamonds annealed using the low-pressure/ 
high-temperature microwave plasma process may have 
моту such as using the diamond crystals in high-pressure 
io ge applications that take advantage of the 
5 : transparency of diamond, or using them in quantum 
is id : store quantum information in vacancy centers in 
| $ crystal lattice. 

4 2. applications will remain a major domestic 
am. ral industrial diamond stone. Stones for these 
uses - not yet been manufactured economically. 
iiec ds the stone is anticipated, however, because new 
wil T. iR selling in the rough diamond market 
he addition ple supplies. More competition introduced by 

a! sources also may temper price increases. 
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Demand for synthetic diamond bort, grit, and dust and powder 
is expected to remain greater than for natural diamond material. 
Constant-dollar prices of synthetic diamond products probably 
will continue to decline as production technology becomes more 
cost effective; the decline is even more likely if competition from 
low-cost producers in China and Russia continues to increase. 
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TABLE 1 
U.S. IMPORTS FOR CONSUMPTION OF INDUSTRIAL DIAMOND STONES, BY COUNTRY! 


Miners' diamond, natural and synthetic? 


.200 Т 200 2009 2010 
— сорау , , Quantity Value* Quantity Value! Quantity Value' Quantity Value' 
Australia 52 390 42 / 288 (5) ШУТ 9 14 
Бара 9 164 23 321 (5) 30 (5) 21 
Botswana | | | — 678 10,400 835 19,800 3 13 11 41 
Congo (Kinshasa) ЭЛ 10 209 7 111 -- -- 2 7 
Ghana | (5) 5 (5) 11 -- -- (5) 3 
India | | 40 39 77 218 11 146 3 350 
Namibia. 129 856 219 1,340 | 6 -- - 
Russia 137 2,140 210 4,540 -- -- (5) 5 
South Africa В 295 3,540 234 4,140 7 118 26 26 
Other 30 466 13 663 (s) 71 10 133 
тш — 1438 1820 1660 31400 — 200 424' 61 906 
"Revised. -- Zero. | 
Шайба are rounded to no more than three significant digits; may not add to totals shown. 
*Includes glazers’ and engravers’ diamond unset, Harmonized Tariff Schedule of the United States (HTS) codes 7102.21.3000 and 7102.21.4000. 
ЗНТ$ codes 7102.21.1010 and 7102.21.1020. 
*Customs value. 
Less than % unit. 
Source: U.S. Census Bureau. 
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TABLE 2 
| 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND DUST, GRIT, AND POWDER, BY COUNTRY 


(Thousand carats and thousand dollars) 


Synthetic? i Natural 
2009 EE 2010 2009 р 2010 
Country Quantity Value? Quantity Value? Quantity Value? Quantity Value? 
Belgium _ 709 297 1,540 353 20 12 121 79 
China 174,000 13,500 461,000 35,800 142 65 1,050 430 
Germany 64 34 53 39 -- -- 24 22 
Hong Kong 504 157 638 218 -- -- 10 5 
India 759 384 854 439 744 442 1,470 818 
Ireland 44,900 17,900 66,200 28,800 637 359 688 399 
Israel -- -- 445 423 -- -- -- -- 
Italy 9 2 14 14 => m = 23 
Japan 1,670 . 922 2,540 1,970 16 46 E: 35 
Korea, Republic of 7,850 1,790 22,700 7,600 4 7 25 6 
Macau 13 9 ds - э Ба ER 21 
Мехісо = == 2 s e. ae 89 59 
Romania 1,240 265 13,200 1,540 -- -- = T 
Russia 7,700 1,470 15,500 2,700 15 17 s Е 
Switzerland 1,000 1,360 3,130 2,770 231 135 548 180 
Taiwan Е 61 15 55 15 -- -- 23 Ре 
Ukraine 327 29 176 29 x ae ЭР E 
United Arab Emirates - -~ 243 170 - -- 55 ИУ 
United Kingdom 1,790 761 1,710 636 886 478 559 384 
Other | 70 — мо 451 169 147 401: 163 384 
Total 243,000 — 39,100 591,000 83,700 2,840 1,960" 4,750 2,770 


'Revised. -- Zero. 


RR ЕК 
Data аге rounded to no more than three significant digits; may not add to totals shown. 


"Harmonized Tariff Schedule of the United States codes 7105.10.0020, 7105.10.0030, and 7105.10.0050 for synthetic and 7105.10.001 1 
and 7105.10.0015 for natural. 


3 
Customs value. 


Source: U.S. Census Bureau. 
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TABLE 3 
U.S.REEXPORTS OF INDUSTRIAL DIAMOND STONES, BY COUNTRY! 


(Thousand carats and thousand dollars) 


Industrial unworked diamonds? 


2009 _ 2010 
Country _ Quantity Value? Quantity Value? 

Reexports: 

Begum о о 341 4,720 417 6,680 
Brazil 12 87 39 195 
Canada 95 670 152 993 
Germany 11 326 11 359 

 HogKog 114 1,690 49 695 
Israel 131 1,140 26 131 
Japan 92 4,390 145 8,230 
Korea, Republic of 17 860 25 1,430 
South Africa 14 10 -- -- 
United Arab Emirates 16 517 (4) 10 
United Kingdom 67 2,270 72 2,410 
Other 38 815 ' 147 2,270 

Total mE 948' 17,500 1,080 23,400 


"Revised. -- Zero. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 
?^Harmonized Tariff Schedule of the United States code 7102.21.0000. 

*Customs value. 

“Less than № unit. 


Source: U.S. Census Bureau. 
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TABLE 4 


l 
U.S. EXPORTS AND REEXPORTS OF INDUSTRIAL DIAMOND DUST, GRIT, AND POWDER, BY COUNTRY 


(Thousand carats and thousand dollars) 


_ Synthetic? Natural” es 
2009 2010 2009 EM 2010 | 
Country Quantity Value? Quantity Value? | Quantity Value" Quantity О Value? | 
Exports: 
Austria 470 207 1,790 622 -- -- -- -- 
Belgium 253 61 368 90 15 95 us 
Brazil 3,260 1,080 5.530 1,660 11 5 2 5 
Canada 2,950 1,970 4,010 3,190 191 440 216 681 
- Germany 1,600 524 3,490 1,200 22 20 9 7 
Greece 255 45 ШИРЕ m ТИ ЕЕ шы ша 
Hong Kong n 15 11 40 35 36 107 4 10 
India mm 2,410 998 2,790 1,050 59 44 2 7 
Ireland 16,000 5.660 25,300 8,780 47 76 25 74 
- Israel 4 5 50 33 к $ 516 165 
Italy 4,010 1,350 3,910 1,290 = é 5 " 
Japan 10,100 4,970 29,000 13,800 23 58 7 9 
Korea, Republic of 6,010 3,550 7,240 3,770 20 14 71 13 
Mexico d 216 76 366 164 259 125 443 208 
_ Singapore mM 745 1,660 846 2,480 14 42 = Е 
Spain MEN 199 44 68 14 Т = is = 
Switzerland | 6,580 4,820 7,460 5,630 205 124 554 290 
Taiwan 2,340 982 4,340 1,710 27 17 26 8 
Thailand č 3,880 1,280 5.100 1,540 4 3 e _- 
_ United Kingdom 2,460 819 3,630 1,250 212 202 401 224 
Other 1,810 975 4,850 2,720 369 998 58 80 
Total mu 65,500 31,100 — 110,000 51,000 1,510 2280 — 2330 1780 
Reexports: SERERE REA 1L —— Á— À—À——— c М 
Belgium 74 33 35 39 81 192 119 228 
Brazil u 557 117 792 229 Е 2 = E 
_ Canada 2,180 1,220 7,150 4,120 24 81 118 433 
Germany | 10 22 11 8 11 32 7 24 
India | 48 15 66 30 - = g з 
_ Heland. 825 467 1,070 421 18 13° 5 5 
Italy ы -- 250 73 -- -- -~ 22 
Жа 2-2 3,560 1,340 5,830 1,330 = is 87 РА 
Korea, Republic of 5 — 373 83 1,220 530 E " 7 B 
о NN 157 56 72 31 20 44 ! 38 b 
United Kingdom 0/0 0-0 115 73 323 192 7 12" 7 | 
_ Other Е 22. 1,830 : 437 1,020 803 4 ye 29 53 
ас 9,720 3,860 17,800 7%0 165 Be. ag eS oA 
‘Revised, -- Zero. Е | I xu E Nor __ 2,7 00 
Data are rounded to no more than three significant digits; may not add to totals shown. 
 Harmonized Tariff Schedule of the United States codes 7105.10.0025 for synthetic and 7105.10.0010 for natural. 
Customs value. 
Source: U.S. Census Bureau. 
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TABLE 5 
NATURAL DIAMOND: WORLD PRODUCTION, BY COUNTRY AND TYPE '?? 


(Thousand carats) 


2008 2009 20. 


Country and type“ 2006 2007 
Gemstones: 
| Angola ИИ 8,258 8,732 8,016 12,445 12,500 € 
Armenia 184 123 101 50 50 < 
Маша 0 - 7,305 231 273 220 "* 100 * 
Botswana" 24,000 25,000 25,000 24,000 25,000 
Brazil 181 182 182 200 5 200 
Canada 13,278 17,144 14,803 10,946 11,773 
Central African Republic" 340 370 302 "5 249 "5 250 
China‘ 100 100 100 100 100 
Congo (Kinshasa) 5,800 5,700 4,200 3,700 ' 5,500 
Cóte d'Ivoire — M m E де 
Сһапа 768 671 478 301 ' 300 * 
Guinea 355 815 2,500 557 ' 550 
Guyana 341 269 169 144 144 * 
Lesotho 231 454 450 € 450 * 460 
Namibia mM 2,400 2.266 2,435 1,192 ' 1,200 * 
Russia“ 23,400 23,300 21,925 ° 17,791 $ 17,800 
Sierra Leone 362 362 223 241 ' 240 * 
South Africa“ 6,100 6,100 5,200 2,500 ' 3,500 
Tanzania" 230 239 202 155° 77 
Venezuela” 45 45 45 45 45 
Zimbabwe 160 100 100 100 50 
Other? 70 75! 121 ' 79° 70 
Total 93,900 ' 92,300 ' 86,800 ' 75,500 ' 79,900 
Industrial: 
Angola" "M 918 970 900 1,383 "> 1,300 
Australia 21,915 18,960 15,397 10,700 9,900 
poc EMEN 8,000 8,000 8,000 7,000 7,000 
gcc HAMM 600 600 600 600 600 
Central African Republic" 85 93 74? 62/6: 60 
У C OMEN 965 970 1,000 1,000 1,000. 
Congo (Kinshasa) 23,100 22,600 16,700 14,600 ' 22,200 
Côte d'Ivoire" me -! "i cde “ 
E БИНИИ 192 168 120 75! 75* 
Е e 118 200 600 139" 130 
“22222 15000 15,000 15,000 15,000 15,000 
aae 241 241 149 160 ' 160 * 
South Africa? 9,100 9,100 7,700 3,600" 5,400 
roc NAME 42 44 36 ' 27 14 
Е 70 70 70 70 70 
Venezuela 
cu pr MN 900 600 700 850 ' 800 
Zimbabwe 
0 NNNM 67 84 ' st nst 18 /— 
„ре 813007 7770: 672007: 554007 63.800 
Grand total 175,000" 170,000 " — 154,000" 2. 1210007. . 194999... 


eretimated. ‘Revised. -- Zero. 
wor t add to totals shown. 


stimated data are rounded to no more than three significant digits; may no 
011. 

he Republic of Korea produce natural diamond and synthetic 
tput levels. 


! world totals and е 
2таЫе includes data available through June 2, 2 
31n addition to the countries listed, Nigeria and t | 

but information is inadequate to formulate reliable estimates of ou 


diamond, respectively, 
K—2010 
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"Includes near-gem and cheap-gem qualities. 


"Reported figure. 


TABLE 5 
NATURAL DIAMOND: WORLD PRODUCTION, BY COUNTRY AND TYPE "^? 


"Includes Cameroon, Congo (Brazzaville), Gabon (unspecified), India, Indonesia, Liberia, and Togo (unspecified). 


"Includes Congo (Brazzaville), India, Indonesia, and Liberia. 


SYNTHETIC DIAMOND: ESTIMATED WORLD PRODUCTION, BY COUNTRY ">? 


Country 

Belarus 
China 
Czech Republic 
France 
Ireland 
Japan 
Russia 
South Africa 
Sweden 
Ukraine 
United States 

Total 


TABLE 6 


(Thousand carats) 


2006 
25,000 
3,900,000 
5 

3,000 
60,000 
34,000 
80,000 
60,000 
20,000 
8,000 
128,000 
4,320,000 


2007 
25,000 
4,000,000 
5 

3,000 
60,000 
34,000 
80,000 
60,000 
20,000 
8,000 
130,000 
4,420,000 


2008 
25,000 
4,000,000 
5 
3,000 
60,000 
34,000 
80,000 
60,000 
20,000 
8,000 
131,000 * 
4,420,000 


2009 
25,000 
4,000,000 
5 
3,000 
60,000 
34,000 
80,000 
60,000 
20,000 
8,000 
91,000 * 
4,380,000 


2010 
25,000 
4,000,000 
5 

3,000 
60,000 
34,000 
80,000 
60,000 
20,000 
8,000 
93,000 
4,380,000 


'World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to 


totals shown. 


"Table includes data available through June 2, 2011. 


In addition to the countries listed, Germany and the Republic of Korea also produces significant amounts of 
synthetic diamond, but output is not officially reported, and available information is inadequate to formulate 


reliable estimates of output levels. 
"Reported figure. 
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DIATOMITE 
By Robert D. Crangle, Jr. 


Domestic survey data and tables were prepared by Elsie D. Isaac, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


Production of diatomite in the United States increased by 
3% to 595,000 metric tons (t), with a corresponding value of 
$178 million free on board (f.o.b.) plant in 2010 compared with 
575,000 t valued at $147 million f.o.b. plant in 2009 (table 1). 
The United States remained the world's leading producer and 
consumer of diatomite. Estimated world production was 1.82 
million metric tons (Mt), a slight decrease from the previous 
year. 

Diatomite used for filtration represented 6796 of consumption, 
followed by its use as a cement additive (1596), an absorbent 
(11%), and as a filler (7%). Other diatomite applications, 
including abrasives, insecticides, and soil conditioner, accounted 
for the remainder (table 2). Major diatomite products were sold 
as various grades of calcined powders. 

Encroachment into diatomite markets by natural and synthetic 
Substitute material remained minimal, particularly for beverage 
filtration. Use as a biological filter for human blood plasma 
continued to increase. 

Diatomite is a chalk-like, soft, friable, earthy, very 
fine-grained, siliceous sedimentary rock comprised of fossilized 
diatom remains. Diatomite often has a light color (white if pure, 
commonly buff to gray in-situ, and rarely black). It is extremely 
lightweight because of its low density and high porosity, 
and essentially chemically inert. Diatomaceous earth (often 
abbreviated as D.E.) is a common alternate name but is more 
appropriate for the unconsolidated or less lithified sediment. 
Diatomite is also known as kieselguhr (Germany), tripolite 
чы v 21. near Tripoli, Libya), and moler (an impure 
Ш ed Nobel named his explosive invention 
кты, je discovery that nitroglycerin could be 

үэе Ше, 2. ей Е diatomite (N obel, 1868). 
hydrous silica x | 22. ап accumulation of amorphous 
ies Waters, These с So ead diatoms in both oceanic and 
"T Su E. microscopic single-cell aquatic plants 
consisting of te 12. elaborate siliceous skeleton 
than | қала nes - 22 that vary in size from less 

ware typically 10 to 200 ore n 1 millimeter in diameter 

à broad Variety of delicate na urs Ms a = neve 

cylinders, discs и | acy, perforated shapes, including 
ditional ve hers, ladders, needles, and spheres. 

properti mation on the environmental and physical 

perties of diatoms can be fou di MC 
and Moyle and Dolley (2003 nd in Dolley and Moyle (2003) 

). The oldest occurrences of 


diatomite ar 
ule are thought 
million to 13 shi be of Cretaceous age, deposited about 


(2003) and М geology of diatomite can be found in Wallace 


oyle and Dolley (2003). 
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Production 


Domestic production data for diatomite were developed by the 
U.S. Geological Survey (USGS) from a voluntary annual survey 
of U.S. diatomite-producing sites and company operations. 

The USGS canvass for 2009 covered 7 diatomite-producing 
companies with 10 mining areas and 9 processing facilities. АП 
companies responded, accounting for 10096 of the production 
listed in table 1. Some company data were not complete and 
were estimated on the basis of annual hours worked, as reported 
by the Mine Safety Health Administration. Data were rounded 
to no more than three significant figures. All percentages in this 
report were computed based on unrounded data. 

In 2010, 595,000 t of diatomite were produced from 10 separate 
mining areas and 9 processing facilities in California, Nevada, 
Oregon, and Washington. Major producers were Celite Corp. 

(a subsidiary of Imerys USA, Inc.) with mines and facilities in 
California, Nevada, and Washington, and EP Minerals, LLC (a 
subsidiary of EaglePicher Corp.) with operations in Nevada and 
Oregon. California was the leading producing State, followed by 
Nevada. The combined output of these two States accounted for 
about 7596 of U.S. production in 2010. 

Because diatomite occurrences are at or near the earth's 
surface, recovery from most deposits is achieved through 
low-cost, open pit mining. Outside the United States, however, 
underground mining is fairly common owing to deposit location 
and topographic constraints. Explosives are generally not 
required for surficial or subsurface mining because of the soft, 
friable nature of the deposits. In Iceland, dredging is used to 
recover lake-bottom diatomaceous mud deposits. 

Diatomite is often processed near the mine to reduce 
transportation costs associated with the crude ore, which can 
contain up to 65% water. Processing typically involves a series 
of crushing, drying, size-reduction, and calcining operations, 
using heated air for conveying and classifying within the plant. 
Fine-sized diatomite grains, especially from baghouses, are used 
most often for filler-grade products, while coarser particles are 
employed for filtration purposes. In the latter processing stages, 
calcining is performed in rotary kilns to effect chemical and 
physical changes. 

Diatomite production costs for the United States average 10% 
for mining, 6096 to 70% for processing, and 2096 to 30% for 
packing and shipping. Energy costs compose a large and growing 
portion (2596 to 3096) of diatomite production costs, both in the 
direct costs of mining and transportation, as well as within the 
energy-intensive calcining process. Diatomite used for cement 
production does not normally require calcining, and the reported 
unit value is considerably lower. For 2010, overall diatomite 
production was slightly higher than 2009, but well below the 
pre-economic downturn levels observed in 2006 [799 million 
metric tons (Mt)], 2007 (687 Mt), and 2008 (764 Mt) when annual 
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production levels were as much as 2596 higher. Diatomite's use 
as a concrete additive, in insulation, and as a filler decreased as a 
result of the decline of the construction sector since 2008. 


Consumption 


Apparent domestic consumption of diatomite was 
approximately 509,000 t in 2010, an increase of approximately 
496 from 488,000 t in 2009. The total domestic and export 
quantity of filter-grade diatomite sold or used by U.S. producers 
was 400,000 t in 2010, an increase of 25% from 320,000 t 
in 2009, accounting for 6796 of total diatomite sold or used. 
Diatomite remains the dominant filtration medium with 
estimates suggesting it represents 65% of the total filtration 
market (Moores, 2008). Diatomaceous earth used in cement 
manufacture accounted for 91,000 t, or 1596, of total diatomite 
production in 2010, a decrease of 3376 from 136,000 t. 
Production of diatomite as an insulation component was not 
reported in 2010, following the production of 10,000 t in 2009. 

For absorbents, 64,000 t of diatomite was reported, an 
increase of 1496 from 56,000 t in 2009, accounting for 1196 
of total diatomite sold or used. Use of diatomite as a filler was 
40,000 t in 2010, a decrease of 25% from the 53,000 t in 2009, 
which accounted for 7% of total diatomite sold or used. 

In antiquity, diatomite was used by the Greeks as an 
abrasive and in the production of lightweight building bricks 
and blocks. In the late 1800s, diatomite became of industrial 
interest in Western Europe when pulverized diatomite was 
the preferred absorbent and stabilizer of nitroglycerine used 
to make dynamite. Maryland was the site of the first U.S. 
production of diatomite in 1884. By the late 1880s, very pure, 
large deposits near Lompoc, CA, became the focus of interest 
and have continued to dominate world markets (Dolley and | 
Moyle, 2003). While diatomite is principally used as a filtration 
medium, other uses include as a silica additive in cement and 
various other compounds, a filler in a variety of products from 
paints to dry chemicals, an absorbent for industrial spills and 
pet litter, an insulation medium in sawn and molded shapes and 
loose granules, a mild abrasive in polishes, and an agent in the 
purification and extraction of DNA. | | 

Commercial diatomite products pr ovide fine-sized, 

. eoular-shaped, porous noncaking particles that have a large 

uiis d high liquid-absorption capacity. They are 

SU a ines | inert, have а low refractive index, are mildly 

relatively 5. rd conductivity with a reasonably high 

abrasive, : г pozzolanic, are very high in silica, 

гре нй and delivered at a cost consistent with 
cations. Sawn shapes, which continue to account 

customer ap р rt of world diatomite production, have long 

for a significan EP eight building material, especially in China, 

Я | | insulation (especially the high-clay- 
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15 as an absorbent for industrial spills (oil and toxic liquids) and 
for pet litter. 

Another important broad category of use is as a filler, often 
serving a dual purpose, such as an extender and flatting agent in 
paints and coatings; a bulking and anticaking agent in granular 
materials; and as a multieffect component in plastics (including 
preventing films from sticking). Other filler uses are as an 
extender and absorbent carrier for catalysts, nontoxic pesticides 
(as a desiccating agent), pharmaceuticals, and other chemicals. 
Other significant uses are as an insulation material in bulk 
(loose) and molded forms, and as a silica additive in various 
compounds, including mortar and portland cement, where its 
pozzolanic properties are utilized. 

Commercial diatomite products are offered in a variety of 
grades. Principal grading factors are the size, shape, overall 
arrangement, and proportions of the various types of frustules 
(factors that affect filtration rate, product clarity, and absorption 
capacity). Other factors include silica content, impurity levels 
(especially iron), and the presence of clay, sand, and organics. 
Brightness, whiteness, and abrasive hardness are considered 
for specialized diatomite applications. F ree-crystalline silica 
content, although normally low, is required to be identified, 
particularly for calcined products. Calcining removes organics, 
increases filtration rate, oxidizes iron, increases specific gravity, 


` increases particle hardness, and сап lighten color. Flux-calcining 


significantly affects the physical and chemical properties and 
makes a white product. Most filter grades are calcined. 


Prices 


The calculated weighted average unit value of diatomite sold 
or used by U.S. producers during 2010, using USGS survey — 
and estimates, was $299 per metric ton f.o.b. plant, an increase 0 
about 1796 compared with about $255 per ton in 2009 (table 3). 
The average values for filtration increased by 5% in 2010 4 
$394 рег ton from $375 рег ton reported in 2009. The value si 
diatomite used for absorbent purposes was unchanged at 54! pe 
ton. The unit value for material used as fillers decreased slightly 
to $412 per ton in 2010. The average value for specialized | i 
other uses in 2010 decreased by 64% to $705 per ton from , : 
per ton in 2009. This decrease was derived from a 2. | 
form of diatomite, which is subject to large price fluctuations, | 
represented less than 196 of total U.S production in 2010. 


Foreign Trade 


ented here from the U.S. 


Export and import data pres the 
4 ted accuracy. This 182 result 


Census Bureau may be of limi 


ing i i i s and a lack of 
reporting inconsistencies from producer 
of rep Б e with other mineral 


detail caused by the inclusion of diatomit us 
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Tariff Schedule of the United States (HTS) issued A 
International Trade Commission. Exports of diatomite 
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| | re approximately 86,000 t, a 
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applying to siliceous fossils, including kieselguhr, trip «cif 
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diti gravity of 1 or less. Industry sources, however, indicated that 
exports also included some flux-calcined material, which is 

бф included under code 3802.90.2000, where it is not differentiated 

шік from activated clays. Similarly, heat-insulating mixtures and 

vagy sawn and molded unfired shapes of diatomite are collected 

іш: under data classification code 6806.90.0090 and are not 

wine exclusively identified as diatomite. Lastly, fired, sawn, and 

wi molded shapes of diatomite are covered under heading 6901, 

liye which is not exclusively used for diatomite data. 

ip | According to the U.S. Census Bureau data, diátomite and 

йг diatomite products were exported to 89 countries in 2010, with 25 

pj; countries accounting for 85% of the total. The main export markets 
were Canada (18,300 t), Germany (10,400 t), Russia (3,940), 

шш Belgium (3,730 t), Japan (3,460 t), United Kingdom 

T (2,680 t), Australia (2,480 t), South Africa (2,380 t), Austria 

T (2240 t), and Vietnam (2,240 t). These 10 countries accounted for 

i 60% of the total reported exports. Based on available trade data 

y; Tom the U.S. International Trade Commission, the average unit 

" value free alongside ship of exported diatomite was $517 per ton 

"" in2010 compared with $467 per ton in 2009, an increase of 11% 

ibi (table 4). Import data for diatomite show that 1,030 t came from 

a; 13 countries in 2010. Mexico was the leading source with 385 t 

кг (7%); followed by the Netherlands with 238 t (23%), Italy with 

р 156t(15%), Australia with 128 t (12%), and France with 57 t (6%). 

p; These five countries provided 93% of the imports to the United 


" States in 2010. 
| 


World Review 


Estimated world production of diatomite in 2010 was 1.82 
т М (table 5). World reserves are thought to be almost 1 billion 
р metric tons (Gt), which is more than 500 times the current annual 
| estimated world production rate of 1.82 Mt. About 250 Mt, or 25% 
қ ofthe estimated 1 Gt of world reserves, is in the United States 
; (Crangle, 2010). The world's reputed largest producing district in 
j rms of Volume is near Lompoc, CA. A resource assessment of 
қ this location Suggested these deposits could meet all of the world’s 
p Чеш diatomite consumption for hundreds of years. Compilin g 
j data regarding reserve estimates can be challenging because 
{ Bu data are proprietary and not released by companies nor by 
і 2. — deposits, on the order of at least 110 Mt of reserves, 
у је 1. to occur in China (Lu, 1998, p. 53). 
| decreasing кр B producers in 2010 were, in 
Deiak and x .. the United States, China, 
kading Eo e : asa States continued to be the 
desse ‚ and exporter of diatomite, and 
45. or 33% of total world production, followed b 
ina with 22% р | : y 
% ^enmark with 12% (all moler products), and 


Japan with 6% 
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Likewise, the encroachment of more advanced filter applications, 
including carbon membranes, ceramics, and polymers, were not a 
concern in 2010. The high costs associated with these alternatives 
and a cultural preference toward the use of diatomite in the 
brewing and wine industries indicate a strong likelihood for the 
continued and widespread use of diatomite in filtration. 

The associated issue of free-crystalline silica, particularly 
after diatomite is calcined, was expected to continue to be 
a concern, especially in the filler and absorbent markets. 
Although some diatomite deposits were reported to be low in 
free-crystalline silica, an effort to classify diatomite and related 
absorbent products as free of this material remains contentious, 
litigious, and, to date, unsuccessful. The use of uncalcined 
diatomite has replaced its calcined counterpart in some markets. 
Adequate supplies of diatomite, owing to the large domestic and 
world reserves, coupled with small or no changes in demand, 
will probably remain available for the foreseeable future. 
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ТАВЕЕ 1 
DIATOMITE SOLD OR USED ВУ PRODUCERS IN THE 


UNITED STATES! 


(Thousand metric tons and thousand dollars) 


2009 2010 
Domestic production, sales: 
Quantity 575 595 
Value 147,000 178,000 


1 
Data are rounded to no more than three significant digits. 


TABLE 2 
DIATOMITE SOLD OR USED, BY MAJOR USE! 


(Percentage of U.S. production) 


2009 2010 

Absorbents 10 11 
Cement 24 15 
Fillers 9 7 
Filtration 55 67 
Insulation 2 -- 
Other? (4) (4) 
-- Zero. 

' Includes exports. 


2 As ingredient in portland cement. 


3 Includes abrasives, lightweight aggregates, and 
unspecified uses. 


^Less than % unit. 
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TABLE 3 


AVERAGE VALUE PER METRIC TON OF DIATOMITE, 


BY MAJOR USE! 

2009 
Absorbents 41 
Cement 7 
Fillers 42] 
Filtration 375 
Insulation 50 
Other? 1,960 
Weighted average 255 


-- Zero. 
‘Rounded estimates. 
7 AS ingredient in portland cement. 


2010 


*Includes abrasives, lightweight aggregates, and unspecified 


uses. 


TABLE 4 
U.S. EXPORTS OF DIATOMITE"? 


(Thousand metric tons and thousand dollars) 


Year Quantity Value’ 
2009 88 41,100 
2010 86 44,500 


'Harmonized Tariff Schedule (HTS) heading 
2512.00.0000, natural and straight-calcined 
grades, but in practice probably includes an 
undetermined quantity of flux-calcined 
product HTS heading 3806.90.2000. 

ала are rounded to no more than three 
Significant digits. 


*Free alongside ship value. 


Source: U.S. Census Bureau. 
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TABLE 5 


DIATOMITE: ESTIMATED WORLD PRODUCTION, BY COUNTRY 2 


Country 
Algeria 
Argentina 
Australia 
Brazil, marketable 
Chile 
China 
Commonwealth of Independent States’ 
Costa Rica 
Czech Republic 
Denmark’ 


Korea, Republic of 
Macedonia 

Mexico 
Mozambique 

Peru 

Poland 

Portugal 

Romania 

Spain® 

Thailand 


Turkey 
United States” 


Total 
"Revised. -- Zero. 


! World totals, U.S. data, and estimated data are rounded to no more than t 
ent are generally not reported or estimated. 


Purity and moisture cont 


2006 
2 
39 ? 


799 ? 
2,150 


2rable includes data available through April 20, 2011. 


Reported figure. 
^Information is inadequate for formulatio 


5Data represent “extrac 


Data are for Iranian years beginning March 21 of that stated. 


"Less than № unit. 


®Includes tripoli. 
Sold or used by producers. 


(Thousand metric tons) 


2007 2008 
2° 2 
50 3 37 3 
20 20 

6? 6? 
25° 25? 
420 440 
80 80 
2 | 73 
19 31 
230 230 
75 75 
2 2 
28 28 
(7) 2' 
25 25 
120 115 
(7)? (7) ° 
23 3° 
5 5 
63° 129 "3 
1 3 (7) 3 
22? 12? 
| 1 
(7) (7) 
2 ET 
50 50 
1 3 4 3 
33? 63"? 
687 ° 764 ? 
1,970 2,150 ' 


n of reliable estimates for individual countries. 


ted moler" (reported cubic meters times 1.5). Contains about 30% clay. 


575? 
1,860 ' 
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595 ? 
1,820 


hree significant digits; may not add to totals shown. 
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EXPLOSIVES 
By Lori E. Apodaca 


In 2010, U.S. explosives consumption was 2.68 million metric 


tons (Mt), about an 1896 increase from that of 2009; sales of 
explosives were reported in all States except Delaware. Coal 
mining, with about 71% of total consumption, continued to be 


the dominant use for explosives in the United States. Wyoming, 


West Virginia, and Kentucky, in descending order, led the 
Nation in coal production, accounting for 6396 of the total. 


These States were also the leading explosives-consuming States, 


accounting for 46% of total U.S. explosives sales. 
Legislation and Government Programs 


Effective February 3, the Occupational Safety and Health 
Administration (OSHA) terminated the rulemaking that had 
been proposed in 2007 to amend its Explosives and Blasting 
Agents Standard (CFR 1910.109). In 2007, The Institute 
of Makers of Explosives (IME) and the Sporting Arms and 


Ammunition Manufacturers’ Institute petitioned OSHA to revise 


the standard. However, the rule had been on hold since 2007 
because additional clarification was needed as to the intent of 
the rulemaking. OSHA concluded that other Federal agencies 
already regulated explosives hazards in many situations; 
therefore, this proposal had limited scope and would not have 


amended many of the substantive requirements that were part of 


OSHA’s existing explosives standard (Occupational Safety and 
Health Administration, 201 0). 


Production 


Sales of ammonium-nitrate-based explosives (blasting agents 
and oxidizers) were 2.65 Mt, which was about an 18% increase 
from those in 2009, and accounted for about 99% of U.S. 
industrial explosives sales. Sales of permissibles (explosives 
ipproved for use in gassy and dusty environments) were 
about 39% lower than those in 2009, and sales of other high 
explosives decreased by about 5% (table 1). 


Pi contributing data to this report, that are members 
"the IME, are as follows: 


Accurate Energetic Systems, LLC 
Austin Powder Co. 


Baker Atlas (a divisi 
| lon of Baker Н 
Davey Bickford USA, Inc. Ша. 


Douglas Explosives, Inc. 
Dyno Nobel Inc. 


Dina Inc, 
en il Tools LP ND 
enex Explosives 19 division of Core Laboratories N.V.) 


Specialties Ltd. 


Н оз Vg 2000 


| 


Vet's Explosives Inc. 

Viking Explosives and Supply Inc. 

W.A. Murphy, Inc. 

El Dorado Chemical Co. (a subsidiary of LSB Industries Inc.) 
signed a 5-year agreement with Orica International Pte Ltd. 
(Orica) to supply Orica with 230,000 metric tons per year (t/yr) 
of industrial-grade ammonium nitrate. The new agreement 
replaces the previous agreement to supply 190,000 t/yr of 
ammonium nitrate to Orica (Green Markets, 2010b). 

Apache Nitrogen Products Inc. was investing $5.5 million to 
upgrade its Arizona ammonium nitrate prill plant. They were 
replacing the dry end of the prill ammonium nitrate process 
in order to reduce moisture problems. Sixty percent of the 
liquid ammonium nitrate produced onsite was used to produce 
low-density ammonium nitrate prill for use in the mining 
industry. Ammonium nitrate production capacity was 180,000 
t/yr (Green Markets, 201 0a). 


Consumption 


The principal application for explosives in the United 
States was coal mining, accounting for about 7196 of the total 
explosives sales for consumption (table 2). In 2010, U.S. 
coal production increased slightly to 985 million metric tons, 
according to preliminary data from the U.S. Energy Information 
Administration (EIA) (Watson and others, 2011, p. 1). Coal 
production decreased in the Appalachian region by 2.194, 
compared with production in 2009. In the Interior (midwest) and 
Western regions of the United States, coal production increased 
by 7.4% and 1.1%, respectively (Watson and others, 201 I, p. 5). 
Three States (Wyoming, West Virginia, and Kentucky, in 
descending order) led the Nation in coal production, accounting 
for 6376 of the total. These States were also the leading 
explosives-consuming States. 

Construction and quarrying and nonmetal mining each 
accounted for 9% of total explosives sales; metal mining, 

8%; and miscellaneous uses, 3%. Wyoming, West Virginia, 
Kentucky, Indiana, Nevada, Virginia, and Pennsylvania were, 

in descending order, the leading explosives consuming States 
(greater than 100,000 metric tons sold), with a combined total of 
65% of U.S. sales (table 3). 

The dollar value of new construction (residential and 
nonresidential) put in place in 2010 decreased by 1196 compared 
with that in 2009 (U.S. Census Bureau, 2011). Based on 
monthly data, the seasonally adjusted industry growth rate 
from 2009 to 2010 for metal mining was 8.9%, and the growth 
rate for quarrying and nonmetallic mineral mining was 2.594 
(Federa] Reserve Board, 2011). 

Classification of Industrial Explosives and Blasting 
Agents.— Apparent consumption of commercial explosives 
used for industrial purposes is defined in this report as sales 
as reported to the IME. Commercial explosives imported 
for industria] uses were also included in sales. The principal 
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distinction between high explosives and blasting agents is 

their sensitivity to initiation. High explosives are cap sensitive, 
whereas blasting agents are not. Black powder sales were minor 
and were last reported in 1971. The production classifications 
used in this report are those adopted by the IME. 

High Explosives.—Permissibles. —The Mine Safety and 
Health Administration (MSHA) approved grades by brand 
name as originally established by the National Institute for 
Occupational Safety and Health (NIOSH) testing. 

Other High Explosives.—These include all high explosives 
except permissibles. 

Blasting Agents and Oxidizers.—These include ammonium 
nitrate-fuel oil (ANFO) mixtures, regardless of density; slurries, 
water gels, or emulsions; ANFO blends containing slurries, 
water gels, or emulsions; and ammonium nitrate in prilled, 
grained, or liquor (water solution) form. Bulk and packaged 
forms of these materials are included in this category. In 2010, 


about 96% of the total blasting agents and oxidizers sales was in 
bulk form. 


World Review 


Australia. —Incitec Pivot Ltd. announced that it would restart 
construction of the AUD935 million Moranbah ammonium 
nitrate plant in Central Queensland in May. The plant was 
delayed for almost a year as the demand for explosive products 
had fallen. The Moranbah project, a 330,000-t/yr fully integrated 
ammonium nitrate complex, was expected to begin production 
in 2012 (Incitec Pivot Ltd., 2010). 

Incitec Pivot revived its plans for an explosives-grade 
ammonium nitrate plant at the King Bay/Hearson Cove 
Industrial Estate on the Burrup Peninsula in Western Australia. 
The plant was expected to produce 350,000 t/yr of ammonium 
nitrate. Construction was expected to start in early 2012, with 
operations beginning in 2014 (Fertilizer Week, 2010b). 

In August, Burrup Nitrates Pty Ltd. [a joint venture between 
Burrup Holdings Ltd. (BHL) and Yara International ASA] 
received approval to build a 350,000-t/yr technical-grade 
ammonium nitrate plant on the Burrup Peninsula adjacent to 
BHL’s 760,000-t/yr ammonia plant. Construction was planned 
to begin in late 2010 and be completed by 2013 (Burrup Nitrates 
Pty Ltd., 2010; Fertilizer Week, 20102). 

Egypt.—The Egypt Hydrocarbon Corp. secured financing to 
build a large-scale ammonium nitrate and nitric acid complex in 
Suez at a cost of $298 million. KBR Inc. conducted feasibility 
and front-end engineering design studies. Uhde GmbH was 
awarded the engineering, procurement, and construction 
contract, and technology licenses for the 350,000-t/yr 
low-density ammonium nitrate and 300,000-t/yr nitric acid 
plants. The complex was expected to be completed by 2013 
(Nitrogen + Syngas, 2011). 

Indonesia.—PT Multi Nitrotama Kimi 
Holding Pte. Ltd. [the complete en 
including procurement manageme 
nitrate complex in Cikampek. The 


a awarded CFI 
gineering package] 

nt for its new ammonium 
complex would include a 


300-metric-ton-per-day low-density ammonium nitrate plant and 
a low-density ammonium nitrate bagging unit. The plant was 
expected to be operational by 2011 (Fertilizer Week, 2010). 
South Africa.—Omnia Holdings Ltd. planned to build a 
$178.6 million ammonium nitrate and nitric acid complex 
at Sasolburg to meet the fast-growing demand in the local 
explosives and fertilizer markets. The new ammonium nitrate 
plant would have a production capacity of 330,000 t/yr, with 
output split between explosive- and fertilizer-grade ammonium 
nitrate. Uhde was contracted to provide plant technology and 
licenses, engineering design, and critical component supplies. 
The plant was expected to be completed by 2012 (Nitrogen + 
Syngas, 2010). 


Outlook 


According to the EIA, U.S. coal production in 2011 was 
expected to remain the same as that in 2010. In 2012, production 
was projected to increase by about 2.996 compared with that 
in 2011 to meet continued growth in coal consumption (U.S. 
Energy Information Administration, 2011, p. 8). Based on 
the coal production projections, explosives consumption was 
expected to remain about the same in 2011 as in 2010 and 
increase slightly in 2012. 
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EXPLOSIVES 2010 


TABLE 1 


SALIENT STATISTICS OF INDUSTRIAL EXPLOSIVES AND BLASTING 


AGENTS SOLD FOR CONSUMPTION IN THE UNITED STATES! 


(Metric tons) 
Class 2009 2010 
Permissibles 1,610 990 
Other high explosives 23,700 22,600 
Blasting agents and oxidizers 2,240,000 2,650,000 
Total 2,270,000 2,680,000 


‘Data are rounded to no more than three significant digits; may not add to totals 


shown. 


у Source: Institute of Makers of Explosives. 


TABLE 2 


ESTIMATED INDUSTRIAL EXPLOSIVES AND BLASTING AGENTS SOLD FOR CONSUMPTION IN 


THE UNITED STATES, BY CLASS AND USE!” 


(Thousand metric tons) 


о 


Coal Quarrying пі Metal Construction 


Class mining nonmetal mining mining work 
2009: 
 Pemissibes о 2 (3) (3) (3) 
_ Other high explosives. 3 8 1 10 
Blasting agents апа oxidizers 1,580 201 175 225 
_ Tod — 71590 200 176 235 
2010: 
Pemissbes ———— 1 (з) (3) (3) 
Blasting agents and oxidizers 1,880 244 225 236 
Поа 71890 252 226 246 
-- Zero. 


Distribution of industrial explosives and blasting agents by consuming industry estimated from indices of 


All other 
purposes 


67 


Total 


23 
2,650 
2,680 


industrial production and economies as reported by the U.S. Department of Energy, the Federal Reserve Board, 


the U.S. Department of Transportation, and the U.S. Census Bureau. 
2 

Data are rounded to no more than three significant digits; may not add to totals shown. 
"Less than '^ unit. 
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TABLE 3 


INDUSTRIAL EXPL 
OSIVES AND BLASTING AGENTS SOLD FOR CONSUMPTION IN THE UNITED STATES, BY STATE AND CLASS' 


(Metric tons) 


2010 
Fixed high explosives 
Other high Blasting agents 


2009 
Fixed high explosives 
Other high Blasting agents 


23.4 


State icsi А РА 
FITTED E p and oxidizers Total Permissibles ^ explosives and oxidizers 

Alaska : N os 2 a 191 91,800 92,000 
Arizona 39 119 Pin 2. 5 s 2 7- 
Arkansas i "i vide did 15 273 39,200 39,50 
California 7 25 sen be - 100 19,600 19,800 
Colorado 18 659 53460 2 eb -- 352 23,400 23,700 
ан + 2. при js 14 406 62,500 62,900 
Delaware E » . - 147 3,560 3,710 
Florida " 9 т Е т - z 
Georgia | : б 2 2. - 77 13300 132% 
Hawaii В 0 680 p Б 429 18,200 18,600 
Idaho _ T on 22 T - 478 418 
Illinois Е 274 о | 58 11,600 11,600 
= 32,700 7 370 41,100 — 41,40 

Indiana 70 980 189,000 | | 
190,000 ~- 1,410 159,000 160,00 

lowa 111 422 14,200 | 
, 14,700 6 609 19,600 20,200 

Kansas = 119 6,640 6,760 = 82 1 1.600 | 
кш. 206 1,330 292,000 293,000 182 1,400 281,000 sn 
Louistana » 571 4.010 , , 283,000 
VE 4,580 -- 238 2,670 2,910 

ame = 183 3,620 ' 

2 i 3,800 -- 190 2,890 3.080 
Maryland .— 1 - 272 9,750 10,000 Т 463 14300 — 15200 
Massachusetts 79 119 4.790 | ' 

s | 4,990 - 103 4,280 4,390 
Michigan - 125 23,700 23,800 = 92 25,400 25400 
Mes a 56 16,600 16,700 b 103 83,900 84.000 
Mississipp! EN 18 5 52 р , E , қ 
Missouri — ^ 1. 333 2,040 53,400 55,700 3 1,430 61300 62,700 
Montana = 2,010 55,200 57,200 -- 1,570 54200 55,800 
Nebraska S 74 1,780 1,860 » 88 2,330 2,420 
Nevada | 29 1,220 21,600 22,800 327 1.060 115,000 116000 
New Hampshire ~ 756 13,400 14,100 ES 129 3,150 3,280 
New Jersey _______ " 138 1,890 2,030 = 66 3,990 4,060 
New Mexico І 330 22,400 22,700 a 130 24,200 24,300 
New York 8 734 5,640 6,380 (3) 555 13,400 13,900 
North Carolina - 575 20,400 21,000 E: 313 17,800 18,100 
North Dakota m 11 2,650 2,660 -- 10 2,610 2,620 
Ohio = 362 41,900 42,300 (3) 364 49,000 49,400 
Oklahoma ~- 140 19,600 19,700 an 747 20,800 21,600 
Oregon С 111 _ 4,700 4,810 5 178 5,320 5,510 
Pennsylvania 36 1,390 90,400 91,800 36 1.290 99,300 101,000 
Rhode Island = 25 914 939 - 31 1,360 1,390 
South Carolina -- 205 4,970 5.170 - 76 5,420 5,500 
South Dakota $: 54 4,380 4,430 E 23 7,160 7,180 
Tennessee | — -- 1,420 28,000 29,400 22 2,440 28,300 30,800 
Ic HN RAN 18 699 62,700 63,500 3 994 33,900 3490 
Ten 43 219 64,100 64,400 37 302 62,800 63,100 
стан ш 4 196 1,480 1,680 4 67 1,760 е 
сае 299 1,560 114,000 116,000 119 817 113,000  ! s 
Washington 53 670 7,950 8,670 43 630 18,500 a i 
West Virginia 154 758 348,000 349,000 138 806 334,000 ке 
Wisconsin 2 = 1620 7,880 3 FEE a = = 
See footnotes at end of table. 

ERALS YEARBOOK—?01" 


U.S. GEOLOGICAL SURVEY MIN 


Total 


TABLE 3—Continued 


l 
INDUSTRIAL EXPLOSIVES AND BLASTING AGENTS SOLD FOR CONSUMPTION IN THE UNITED STATES, BY STATE AND CLASS 


(Metric tons) 
2009 2010 
Fixed high explosives Fixed high explosives 
Other high Blasting agents Other high Blasting agents 
State Permissibles explosives and oxidizers Total Permissibles explosives and oxidizers 
Wyoming 29 240 377,000 378,000 (3) 314 623,000 
Total 1,610 23,700 2,240,000 2,270,000 990 22,600 2,650,000 


— Zero. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 
Includes the District of Columbia. 

Less than У unit. 


Source: Institute of Makers of Explosives. 
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Total 
623,000 
2,680,000 
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FELDSPAR AND NEPHELINE SYENITE 
By Arnold O. Tanner 


Domestic survey data and tables were prepared by Raymond I. Eldridge, III, statistical assistant, and the world production 
table was prepared by Glenn J. Wallace, international data coordinator. 


[n 2010, feldspar production in the United States was estimated 
at nearly 550,000 metric tons (t) valued at $33.5 million, down 
from $35.6 million in 2009, based upon a combination of reported 
and estimated U.S. Geological Survey (USGS) data. Exports of 
feldspar in 2010 more than doubled to 16,800 t valued at 
$2.78 million, and imports of feldspar decreased by 396 to 2,050 t 
valued at $503,000. Imports of nepheline syenite (predominantly 
from Canada) increased by 20% to 368,000 t valued at slightly 
more than $52 million. World production of feldspar was 
estimated to be nearly 21 million metric tons (Mt) (tables 1, 7). 

Apparent consumption of feldspar and imported nepheline 
syenite combined was slightly more than 1 Mt, primarily for use 
in the glass and ceramics industries and also as fillers in various 
products such as paints and coatings. Data on feldspar include 
silica producers that produce feldspar-quartz mixtures and one 
U.S. producer of aplite, a rock in which quartz and feldspar are 
the dominant minerals. Because domestic nepheline syenite 
production was consumed for use as roofing granules and in 
other construction applications (excluding ceramics, glass, and 
filler applications) the data were not included in this chapter. 
Trade data in this report are from the U.S. Census Bureau. 


Feldspar 


Production.—Feldspar was mined in seven States. These 
wer, in descending order of estimated output, North Carolina, 
Virginia, California, Idaho, Georgia, Oklahoma, and South 
Dakota. North Carolina accounted for more than 40% of the 
total Data on domestic production and sales and use of feldspar 
in this report are based upon data collected by the USGS by 
means of a voluntary survey. Nine companies mined feldspar 
and operated 12 beneficiation facilities—4 in North Carolina, 3 
in California, and 1 in each of the 5 remaining States (table 3). 
Of these beneficiation facilities, eight responded to the canvass, 
representing about 70% of the 2010 production tonnages listed 
In tables | and 2, comparable with that of 2009. Production for 


the remainin : | 
operations was estimat ice: 
levels, ed from prior-year output 


Consumption. 
and ceramics, an 
rubber. Of the d 
two-thirds by to 
Including glass 


—Feldspar is used in the manufacture of glass 
d as a filler and extender in paint, plastics, and 
omestic feldspar sold or used, an estimated 
nnage went into the manufacture of glass, 
Е ов flat glass, glass fiber for home 
he PUE pecialty glass. In glassmaking, feldspar fluxes 
NE coe the melting temperature and helping 
Марц ышы - melt components. The alumina from 
Stile tor : viscosity, inhibits devitrification, and acts as a 
to chemical 22 ove product hardness, durability, and resistance 
potassium. and PUR In ceramics, the alkalis (calcium, 
with soda s ў | lum ions) in feldspar act as a flux, working 

о lower the melting temperature of a mixture, 


FELDS 
PAR AND NEPHELINE SYENITE—20]1 0 


i 


as in glassmaking. Feldspar melts at an early stage in the firing 
process, forming a glassy phase or matrix in which the alkalis 
help to lower the melting temperature and soften the small 
crystalline and glassy components of the system and promote 
an increased fusing of the same (Roskill Information Services 
Ltd., 2008, p. 200). Pottery (including electrical insulators, 
sanitaryware, tableware, and tile) and other uses, such as fillers, 
accounted for the remainder of the feldspar consumed (table 4). 
The value of total feldspar sold or used listed in table 4 is higher 
than the feldspar production value listed in tables 1 and 2 
because table 4 values represent the final marketed feldspar 
products. 

The glass container industry in North America was 
moderately stable with regard to sales, although some container 
types, such as baby food, fruit juices, mineral water, and wine, 
and a recent trend to import less expensive containers from 
China, provided increasing competition for glass, and thus with 
its traditional raw materials. Cullet, especially from 
post-consumer “bottle-to-bottle” recycling programs, also 
competed with these raw materials. In late 2010, the North 
American glass container industry, with the goal of 50% 
recycled content by 2013, released its first comprehensive life 
cycle assessment (LCA) of glass used in glass packaging. The 
LCA enumerated several benefits achieved from increasing 
the amount of cullet in glass container production, including 
decreased primary energy costs, reduced greenhouse gas 
emissions, and extended life of glass manufacturing furnaces. 
Cullet use also decreased the demand for raw materials, 
including feldspar (Cattaneo, 2011). 

The construction industry was a major consumer of products 
in which feldspar was one of the primary raw materials. In 
the United States, construction starts for new privately owned 
housing rose to 587,000 units in 2010, up from 554,000 units in 
2009, although still notably lower than the 906,000 units started 
in 2008. Conversely, housing completions decreased to 650,000 
units in 2010 from 790,000 units in 2009 and from 1.] billion 
units in 2008 (U.S. Census Bureau, 201 1a, b). Shipments of 
domestic tile increased to 60 million square meters (Mm?), up 
nearly 14% in 2010 from that of 2009, the highest since 2005 
when 61 Мт? were shipped (Whitmire, 2011). 

World Review.—Feldspar was produced in more than 50 
countries, with significant and potentially economic deposits of 
feldspar occurring in at least 70 countries. Turkey appears to have 
been the leading producing country with an estimated 
5 Mt of feldspar in 2010, followed by Italy, with an estimated 
4.7 Mt. China's production was estimated to be about 2.1 Mt. 
World production increased by an estimated 0.8 Mt to 20.6 Mt 
(table 7). 

Recovery from the worldwide economic recession of 2008 and 
early 2009 for feldspar's two major consumer industries, glass and 
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ceramics, continued in 2010. Ceramic tile production increased in 
Brazil, China, and India. Exports of ceramic tile from China, the 
world's leading exporter, continued to increase, although China's 
tile industry was substantially more dependent upon domestic 
consumption than exports. In Brazil and India, where ceramic 
industries depend on domestic consumption, significant increases 
in construction continued, resulting in increased domestic sales 
of ceramic tiles. Production of sanitaryware, to which feldspar is 
especially important in the firing process, increased significantly 
in China, Mexico, the Middle East, South America, and South 
East Asia, but decreased in Western Europe and the United States 
(Hao and Wilson, 2011). 

European Union.—At the request of the European Ceramic 
Tile Manufacturers Federation (ECTMF) in 2010, the European 
Union (EU) launched an antidumping probe of imported 
ceramic tiles from China to determine whether low-valued 
Chinese imports had caused injury to the EU's ceramic tile 
industry. Depending on the results of the investigation to be 
completed within 15 months, antidumping duties could be 
assessed against Chinese imports in the EU for as long as 5 
years, with individual EU governments determining whether to 
impose the duties (China International Publishing Group, 2010). 

China.—As the world's leading producer and consumer of 
ceramic tiles, China increased production of sanitaryware by 1176 
in 2010 from that of 2009 to an annual output of 
174 million pieces, of which 47% was produced in Henan 
Province. This represents nearly 40% of global production 
(Hao and Wilson, 201 1). According to the China Ceramic Industry 
Association, exports of tiles and other construction-related 
ceramic products increased by 1095 in 2010 from that of 2009; a 
trend that was expected to continue. In China's ceramics industry, 
feldspar prices increased 22% to 30% since 2008 owing to an 
increasing shortage of domestic raw material and increased energy 
and labor costs. Some prices rose to as much as $150 per metric 
ton, depending on the quality (Feytis, 201 1a). 

Greece.—Feldspar, typically sodium feldspar from | 
pegmatites, 15 mined mostly in the m part of p Р 
country. About 23,000 metric tons per year (t/yr) Б pro a 
for use in sanitaryware and glassware for domestic use an 

іс industries, particularly floor and wall 
роп о 40,000 t/yr of feldspar. 
tiles and sanitaryware, consume about > уг раг, 
the largest portion of needed imports coming from the EU, 


key. 
especially from d ity owned by Ankerpoort, a subsidiary 


j ‚ SA (majori кегр | 
espn hie mined pegmatites rich in sodium feldspar 
a area of Karteres Thessaloniki. About one-half of Mevoir's 
in 


: ic i ies and the remainder was 
«on supplied domestic industries ап | 
inire аа Republic, Germany, and Italy. Filceram 
e 


C in Platanochori Chalkidiki and 
Johnson 


A mined feldspar 1 Kl 
icall iis 30,000 t/yr of coarse-grained (0—6 millimeters) 
ур d wall tiles. The company suspended 


; ог ап | | ; 
ке еді likely for financial reasons (Tsirambides and 
operau | 


“а E E as the world's second leading feldspar 
aly.— 


i f production; most 
i with an estimated 4.7 Mt o duc 
I : siis used in the country's ceramics industry. 
of Italy’s oT 195,000 t of feldspar and imported nearly 


t ; 
Italy ae Mt of which was from Turkey (United 
2 Mt, mo | 
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Nations Statistics Division, undated a). Ceramic tile production, 
the Italian ceramic industry's leading sector, increased by 

5% in volume and sales increased slightly in 2010 compared 
with those of 2009 (Ceramics of Italy, 2011). According to | 
the Association of Italian Manufacturers of Machinery and 
Equipment for Ceramics, the sector exported more than 7596 of 
its production, benefitting especially from growth in Asia, the 
Middle East, and South America (Feytis, 2011b). 

Norway.—Sibelco Nordic (formerly North Cape Minerals 
AS) announced plans to close its pegmatite mine in Glamsland 
in 2011, a principal source of feldspar for the company's 
Lillesand feldspar/quartz plant. The closure was prompted by 
expensive processing costs and falling demand for feldspar 
in traditional cathode-ray tube television sets since the 
development of flat panel (liquid crystal display and plasma) 
televisions. The Lillisand plant was to continue feldspar 
production at the Fossbekk branch of the plant (Feytis and 
others, 2010). 

Turkey.—Turkey, the world's leading feldspar producer in 
2010, produced an estimated 5 Mt, of which about 3.7 Mt was 
exported; about two-thirds of the exports went to Italy and Spain 
(United Nations Statistics Division, undated a). Feldspar was 
mined in the southeast part of the country and exported to major 
ceramic manufacturing countries throughout Europe. 


Nepheline Syenite 


Production.—No nepheline syenite was produced in the 
United States for ceramic, glass, or filler use. Nepheline syenite 
with high iron content, however, was produced in Arkansas for 
use in roofing granules, road materials, asphalt and concrete 
aggregate, and related products. | 

Consumption.—In glass and ceramics manufacture, nepheline 
syenite, like feldspar, provides alkalis that act as a flux. In glass, 
nepheline syenite also supplies alumina, imparting the same 
benefits as feldspar. | 

World Review.—Nepheline syenite is produced in Brazil 
Canada, China, Norway, Russia, and Turkey for feldspathic 
uses. "T 
Canada.— Canada's sole nepheline syenite producer, Unimin 
Canada, Ltd., operated two plants at its Blue Mountain and 
Nephton, Ontario, deposits, about 175 kilometers northeast 
of Toronto. Production of marketable nepheline syenite was 
estimated to be about 580,000 t in 2010 (Natural Qnin | 
Canada, 2012). Detailed end-use data have not been availa 
in recent years, but historically, the material had been Са 
in glass, ceramics, filler, апа abrasives markets. M pen ү 
nepheline syenite exports were about 454,000 t in 2 xm 24 
which went to the United States, 368,000 t; Italy, 42, p db). 
Spain, 21,000 t (United Nations Statistics Division, = E 

China.—Hong Kong-based Fineton Did m а 
produced about 50,000 t of nepheline syenite 1n 


ics, glass, an 
in Anyang, Henan Province, to supply the Ма Previously. 
paint filler markets in China and other а in Italy and 
in 
the company mostly exported to ceramic d increase 


: ы ап 
Spain, but a decline in demand in those coun Fineton 
freight rates resulted in lower exports to " i nepheline syenite 
announced construction of a new 50,000- уг | 
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plant in southern China to be completed in mid-2011 at its deposit 
in northern Quangdong Province (Industrial Minerals, 2010). 
Norway.—Sibelco Nordic produces nepheline syenite during 
the summer and autumn from an open pit on the Arctic Island 
of Stjemoy. Processing of the ore, including crushing, drying, · 
milling, sieving, magnetic separation, and air classification 
was performed on Stjernoy to produce different product sizes 
forthe glass, ceramic, and paint industries. Data for 2010 were 
unavailable but output for 2009 was estimated to be 350,000 t. In 
2010, total nepheline syenite exports from Norway were about 
330,000 t, with Poland receiving about 79,000 t; the Netherlands, 
77,000 t; Germany, 54,000 t; the United Kingdom, 41,000 t; 
Spain, 22,000 t; France, 15,000 t; and Portugal, 10,000 t; and the 
remainder to several other countries (United Nations Statistics 
Division, undated b). 


Outlook 


Producers of feldspar and nepheline syenite faced continuing 
challenges in 2011 and into the future related to excess supply 
and increased production costs that include motor fuels, natural 
gas and electric power, processing chemicals, and regulatory 
compliance. Higher transportation charges for shipping 
feldspathic products by rail and truck in 2012 likely will continue 
lo increase delivered raw material costs to industrial consumers. 
According to the Freedonia Group, U.S. glass food container 
demand is expected to rise modestly during the next several 
years, increasing feldspar consumption by glass container 
manufacturers. The use of glass containers in the United States 
may increase in the future as a result of consumer demand 
and Federal Government and State government initiatives for 
environmentally friendly and recyclable food and beverage 
packaging. However, increases in glass container recycling could 


reduce the need for raw materials to manufacture these containers. 


The decreased use of flat glass during the past several years 
because of declines in the automobile and construction industries 
moderated in 2010, especially with an expansion of automobile 
production. Manufacturing of li ght vehicles in North America 
increased by 39% in 2010 compared with that of 2009, and in 
the United States, increased by 35% to 7.58 million units in 
2010 from 5.61 million units in 2009. In the long-term, growth 
IS expected (IHS Automotive Inc., 201 1). When economic 
conditions Improve, new residential construction and commercial 
and residential remodeling is expected to increase in 2011 and 


2012, creating increased demand for glass and ceramics and thus 
feldspar. 


Globally, 


ceramics indust ИВ signi 
daring di ry growth significantly slowed 


Iti Mi ice о With it, the use of feldspar. 
next few years x the ceramic industry will rebound in the 
China, Inde | | је main centers of ceramic production are 
consume 17 л y, aig America, and Southeast Asia. Although 
a id^ 1 of its own output, China is likely to continue 
recovery in the е ceramic tile. Owing to continued 
and associate И. sector, increased demand for feldspar 
ànd products in a materials is likely to follow. Innovative ideas 
sheets that can be Жы such as thinner and stronger ceramic 
removal, and por fae existing tiled floors without the need 
and chemical ch у E PEDIR that offer superior physical 
characteristics, are likely to help strengthen that 
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sector. The main growth in feldspar demand is expected to be in 
Southeast Asia, China, Eastern Europe, India, and South America, 
potentially representing an average annual growth rate of about 
5% (Roskill Information Services Ltd., 2008; Feytis, 2010). 
Fiberglass consumption in the United States is forecast 
to increase as residential and commercial construction and 
resultant construction materials consumption increases by as 
much as 3% per year by 2013. This growth will be driven by 
efforts to reduce costs and broaden markets, with best growth 
prospects anticipated for glass wool fiber (O'Driscoll, 2009). 
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TABLE 1 


SALIENT FELDSPAR AND NEPHELINE SYENITE STATISTICS! 


Е | В 2006 2007 2008 2009 2010 
United States: | | | i 
Produced, feldspar: | | | | | 
Quantity"? _ thousand metric tons 760 730 650 550 550 
Value“ : | thousands $44,600 . $43,800 840,000 $35,600 $33,500 
_ Exports, feldspar:' uM кез 2... MEN 
Quantity —— MEN | . metrictons 10,400 9,980 14,600 7,5220 16,800 
Value? thousands 51,930 $1,950 52,390 51,150 $2280 
Imports for consumption" В 
Feldspar: г Е 
Quantity metric tons 5,180 3,5709 2,30 2,20 2,050 
Value” thousands $549 $642 $646 $646 $503 
Nepheline syenite: M" | 2... 2, 
Quantity oos soo soo s oL... Мю 426,000 391,000 321,000 308,000 — 368000 | 
^ Valé 00 thousands 536,000 538,900 — $35,000 $36,800 552,400 
“Consumption, арраге _ _ _ _ _  thousandmetictons 1180 | 120 — 957 i rci: 
е рете do. 20,600" 21,500 22,700" 19,600"  20,500* 


hi Tl. Am —Á— 


*Estimated. 'Revised. do. Ditto. 
! Data are rounded to no more than three significant digits. 


?1ncludes hand-cobbed feldspar, flotation-concentrate feldspar, feldspar in feldspar-quartz mixtures, and aplite; may differ from sales in table 4. 


3Rounded to two significant digits. 

^Source: U.S. Census Bureau. 

5Free alongside ship (f.a.s.) value. 

$Customs value. 

"Production plus imports minus exports. Includes feldspar and nepheline syenite. 


5Feldspar only. 


TABLE 2 
ESTIMATED FELDSPAR PRODUCTION IN THE UNITED STATES! 


(Thousand metric tons and thousand dollars) 


mE . Flotation concentrate Other? | __ Total Е 

Year Quantity | Value ‘Quantity 2 Value _ Quantity Value 
200 _ 120 13600 340 22000 550 35,600 
2010 170 190 380 21600 5590 33,500 


"Quantity data : are rounded to two significant digits, and value data are rounded to three 


significant digits; may not add to totals shown. | 
21 псћидез hand-cobbed feldspar, feldspar content of feldspar-quartz mixtures, and aplite; 


excludes nepheline syenite. 
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"Company Location Product 
APAC-Arkansas, Inc. Muskogee, OK Feldspar-quartz mixture. 
Feldspar Corp.,The Monticello, GA Potassium feldspar. 

Do. Spruce Pine, NC Sodium-potassium feldspar. 
Graniterock Co. Felton, CA Feldspar-quartz mixture. 
Kings Mountain Minerals Inc. Kings Mountain, NC Do. 

K-T Feldspar Corp. Spruce Pine, NC Sodium-potassium feldspar; feldspar-quartz mixture. 
Pacer Corp. Custer, SD Potassium feldspar. 

P.W. Gillibrand Co. Inc. Simi Valley, CA Feldspar-quartz mixture. 

Unimin Corp. Byron, CA Do. 

Do. Emmett, ID Do. 

Do. Spruce Pine, NC Sodium-potassium feldspar. 
U.S. Silica Co. Montpelier, VA Aplite. 

Do. Ditto. 
TABLE 4 


TABLE 3 
U.S. PRODUCERS OF FELDSPAR IN 2010 


ESTIMATED FELDSPAR SOLD OR USED BY PRODUCERS 
IN THE UNITED STATES, BY USE"? 


(Thousand metric tons and thousand dollars) 


БС ____________- 


2009 2010 
Use Quantity Value Quantity Value 
Glass? 360 23,200 330 111,000 
Pottery and miscellaneous 200 14,400 220 13,100 
Total 550 37,600 * 550 124,000 4 


1 
Includes hand-cobbed feldspar, flotation-concentrate feldspar, feldspar in feldspar-quartz mixtures, 
and aplite. 


2 вата m 
Quantity data are rounded to two significant digits, and value data are rounded to three significant 
digits; may not add to totals shown. 


3 р 
Includes container glass, glass fiber, and other glass. 


4 
Represents final marketable product; value is higher than that listed for production in tables 1 and 2. 
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TABLE 5 
U.S. EXPORTS OF FELDSPAR, BY COUNTRY! 


(Metric tons and dollars) 


2009 2010 
_ Country 22 Quantity | Value? Quantity Value? 
Brazil ——— ~ ~ за 35,100 
Canada - | 880 230,000 1,260 356,000 
Ching — 00 14 13,200 151 82,500 | 
Colombia — 2,160 522,000 1,100 354,000 
Ecuador | 17 2,700 1,330 221,000 
Norway = 3,520 220,000 10,200 855,000 
Russia : mE -- -- 2,130 226,000 
Trinidad and Tobago 464 70,400 179 52,200 
Other (27 countries) 459" 92,000 ' 302 94,900 
ЕСІ 22222227920 1,150,000 16,00 2,280,000 


‘Revised. -- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 


"Free alongside ship value. 


Source: U.S. Census Bureau. 


TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF FELDSPAR, BY COUNTRY"? 


(Metric tons and dollars) 


||. — 200 | 0 | 2010 _ 

Country | _ Quantity А _ Value’ . Quantity — Value? 
Australia BEN 3 2,340 = 52 
Germany 836 371,000 516 201,000 
Mexico — 1240 252,000 1,530 302,000 
United Kingdom = 40 19,800 КИС 
_ Total 2,120 646,00 7 2,050 503,000 


-- Zero. 
!Excludes nepheline syenite (mostly from Canada), which is listed in table 1. 


?Data are rounded to no more than three significant digits; may not add to totals 


shown. 
5 Customs value. 


Source: U.S. Census Bureau. 
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FELDSPAR: WORLD PRODUCTION, BY COUNTRY"? 


Country and grade? 
Argentina 
Australia, includes nepheline ѕуепіќе° 
Brazil, processed, marketable 
Bulgaria" 
Chile 
China* 
Colombia" 
Сиђа“ 
Czech Republic 
Ecuador 
Egypt 
Ethiopia’ 
Finland 
France, crude* 
Germany 
Greece" 
Guatemala 
India 
Iran 
Italy" 
Japan, includes aplite* 
Jordan 
Kenya 
Korea, Republic of 
Macedonia 
Malaysia 


Mexico 


Morocco* 


Nigeria" 
Norway" 
Pakistan 
Peru 


Philippines 
Poland, run of mine? 

Portugal 

Russia* 

Saudia Arabia 

Serbia® 

Slovakia‘ | 
South Africa 

Spain, includes pegmatite* 

Sri Lanka 

Sweden, salable, crude and ground" 
Thailand 

Turkey 

United Kingdom, china stone* 

United States? 

Uruguay‘ a 


See footnotes at end of table. 


FELD 


Eb 


TABLE 7 


(Metric tons) 

2006 2007 
170,728 291,562 
50,000 50,000 
77,285 166,089 
93,09] ^ 90,000 
5,847 6,704 
1,950,000 2,000,000 
86,000 91,000 
5,500 5,600 
487,000 514,000 
67,844 * 14,308 
360,000 * 135,290 
478 459 
56,263 48,890 
650,000 650,000 
167,332 171,303 
95,000 95,000 
17,176 30,234 
466,422 ' 486,472 
290,000 512,261 
4,019,495 ^ 4,200,000 
800,000 750,000 
11,054 9,800 
25 30 
427,378 398,513 
32,824 32,814 
142,358 358,775 
459,209 438,696 
20,000 20,000 
1,700 1,700 
65,000 ' 65,000 
15,085 13,236 
6,010 * 15,450 
15,176 14,837 
431,300 497,900 
257,570 168,606 
33,000 ' 45,000 
45,000 45,000 
42,300 73,000 
3,500 3,500 
5,000 5,000 
75,400 90,185 
674,766 ^ 680,000 
56,864 28,866 
42,000 42,000 
1,067,684 684,668 
5,771,892 6,548,796 
2,000 2,000 
760,000 730,000 
2,470 ^ 2,500 


Т 


4 


> 


г 


2008 
220,234 
50,000 
121,952 
90,000 
17,834 
2,000,000 
86,000 
4,300 
488,000 
14,000 
407,320 
424 
45,250 
650,000 
161,416 
62,000 
45,854 
385,436 
501,821 
4,727,000 
700,000 
2,950 
30 
344,257 
28,920 
457,377 
445,519 
20,000 
1,700 
62,000 
12,000 
13,333 
15,838 
599,100 
157,359 
25,000 
45,000 
550,000 
3,500 
5,000 
105,815 
690,000 
32,586 
42,000 
670,618 
6,767,500 
1,000 
650,000 
2,500 


T 


4 


4 


- 


г 


2009 
213,671 
50,000 
115,264 
80,000 
9,079 
2,000,000 
85,000 
4,700 
431,000 
10,000 
353,623 
199 
45,000 
650,000 
106,837 
28,617 
5,762 
390,000 
500,000 
4,700,000 
700,000 
30 
622,700 
19,377 
356,620 
347,510 
20,000 
13,63] 
48,000 
10,000 
5,006 
16,394 
445,500 
320,000 
14,000 
45,000 
500,000 
3,500 
13,000 
101,394 
550,000 
35,000 
42,000 
600,000 
4,212,547 
1,000 
550,000 
2,500 


= 


~ 


2010“ 
215,000 
50,000 


115,000 ? 


80,000 
10,000 
2,100,000 
85,000 
4,700 
388,000 
10,000 
355,000 
300 
45,000 
650,000 
150,000 
30,000 
10,000 
400,000 
500,000 
4,700,000 
650,000 
30 
600,000 
20,000 
360,000 
398,849 
20,000 
10,000 
48,000 
11,000 
3,589 
17,000 
450,000 
315,000 
15,000 
45,000 
500,000 
3,500 
13,000 
95,434 
550,000 
36,000 
42,000 
600,000 
5,000,000 
1,000 
550,000 
2,500 


"3 
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TABLE 7—Continued 
FELDSPAR: WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 

Country and grade? 2006 2007 2008 2009 2010* 
Uzbekistan" 4,300 4,300 4,300 4,300 4,300 
Venezuela* 200,000 5 200,000 200,000 200,000 200,000 
mri o — "—— 

Total 20,600,000 г 21,500,000 


22,700,000 " 19,600,000 : 
"Estimated. "Preliminary. "Revised. -- Zero. 


20,500,000 


! World totals and estimated data are rounded to no 


more than three significant digits; may not add to totals shown. 
?Table includes data available through August 10, 


2011. 
[п addition to the countries listed, Namibia, the United Arab Emirates, 


and Yemen may produce feldspar, but ouput 
is not officially reported; and available information is inadequate to make reliable estimates of output levels. 
*Reported figure. 


?The dedicated feldspar run of mine production acounts for only part of total feldspar production. 
*Rounded to two significant digits to avoid disclosing company proprietary data. 
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FERROALLOYS 


By Lisa A. Corathers, Joseph Gambogi, Peter H. Kuck, John F. Papp, Désirée E. Polyak, 
and Kim B. Shedd 


Domestic survey data and tables and the world production table were prepared by Glenn J. Wallace, international data 


coordinator. 


Ferroalloys are alloys of iron employed to add chemical 
elements into molten metal, usually during steelmaking. 
Ferroalloys impart distinctive qualities to steel and cast iron or 
serve important functions during production and are, therefore, 
closely associated with the iron and steel industry, the leading 
consumer of ferroalloys. The leading ferroalloy-producing 
countries in 2010 were, in decreasing order of production, 

China, South Africa, India, Russia, and Kazakhstan 
(table 7). These countries accounted for 82% of world ferroalloy 
production. World production of bulk ferroalloys—chromium, 
manganese, and silicon—was estimated to have been 
34.1 million metric tons (Mt) in 2010, а 16% increase compared 
with the revised figure of 29.3 Mt for 2009 (table 7). 

Eleven companies in the United States produced 8 
ferroalloys at 12 plants (table 1). With the exception of 
ferrosilicon, production statistics for most ferroalloys were 
concealed to avoid disclosing company proprietary data 
(table 7). U.S. reported consumption of bulk ferroalloys in 
2010 was approximately 0.9 Mt of manganese and silicon 
ferroalloys (table 3) and about 0.3 Mt of contained chromium 
in ferrochromium (table 4). Comparing reported consumption 
in 2010 with that of 2009, ferrochromium increased by 12%, 
ferromanganese (including silicomanganese) increased by 12%, 
and ferrosilicon decreased by 3%. The United States was a net 
importer of ferroalloys and ferroalloy metals in 2010. Ona 
gross weight basis and compared with that in 2009, U.S. total 
ferroalloy and ferroalloy metal imports increased by 104% 
and exports increased by 28%, which resulted in a net import 
increase of 64% (table 6). 

Boron, chromium, cobalt, copper, molybdenum, nickel, 
niobium (columbium), phosphorus, silicon, titanium, tungsten, 
vanadium, zirconium, and the rare-earth elements are some of 
the other alloying elements used for the characteristics they 


em to steels and cast irons (Brown and Murphy, 1985, 


Ferrochromium 


К is. world chromite ore-producing countries in 2010 
M 2. (more than 10 Mt), India (more than 3 Mt), 
aa та (more than 3 Mt). More than 95% of chromite 
ES 10n was smelted in electric-arc furnaces to produce 
о ы for the metallurgical industry. The leading 
SN ron producing countries were China (2 Mt), 
NE: ps : Mt), and South Africa (3.6 Mt). India produced 
mdi ‚$ Mt of ferrochromium. Most of the 8.71 Mt of 
Shinles i T produced was consumed in the manufacture of 
he wart ш и The leading stainless steel producing areas of 
of Kore sia (primarily China, India, Japan, the Republic 
à, and Taiwan), Europe (primarily Western Europe and 
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Scandinavia including Belgium, Finland, France, Germany, 
Italy, Spain, Sweden, and the United Kingdom), and the 
Americas (primarily Brazil and the United States)—accounted 
for most of world stainless steel production. World stainless 
steel production exceeded 30 Mt in 2010. 

In response to anticipated future increases in demand, new 
ferrochromium-producing plants were under construction 
or planned in Kazakhstan and South Africa. Four industry 
trends were evolving—ferrochromium was being increasingly 
produced using environmentally friendly, energy- and recovery- 
efficient, prereduction, closed-furnace processes; chromium was 
being recovered from ferrochromium slag; the ferrochromium 
and stainless steel production industries were consolidating 
ownership; and strategic alliances between those two industries 
were being developed. 

After the financial crisis of 2008 and subsequent economic 
downturn, 2010 was a year of recovery with ferrochromium 
production marginally exceeding the prefinancial-crisis level 
and reaching an historic high. 


Ferromanganese 


Two manganese ferroalloys, ferromanganese and 
silicomanganese, are key ingredients for steelmaking. Manganese 
ferroalloys were produced domestically by two companies— 
Eramet Marietta Inc. (owned by France's Eramet Group) and 
Felman Production Inc. (owned by Ukraine's Privat Group) 
(table 1). In addition to domestic production in 2010, the United 
States had to import 623,000 metric tons (t) of ferromanganese 
and silicomanganese (gross weight). Of that amount, 75% was 
imported from South Africa (274,000 t), Georgia (79,200 t), 
Norway (73,300 t), and Ukraine (40,300 t). China was the leading 
world producer of manganese ferroalloys, with output about 
145% greater than that of the next three major producers—India 
South Africa, and Ukraine—combined (table 7). | 


Ferromolybdenum 


Chile, China, and the United States accounted for about 
79% of world production of molybdenite ore in 2010. Three 
other molybdenite ore-producing countries—Canada, Mexico 
and Peru— supplied an additional 15% of world production | 
Molybdenite concentrates are roasted to form molybdic oxide 
which can be converted into ferromolybdenum, molybdenum | 
chemicals, or molybdenum metal. About 46% of the total re orted 
molybdenum consumed in the United States (19,200 t) was in ` 
the form of molybdic oxides, and about 24% Was consumed 
ferromolybdenum. Although the United States was the ide 
leading molybdenum-producing country in the world, it im 
almost one-half of its ferromolybdenum requirements in ND 
The steel industry accounted for most of the ferromolybdenu,, 
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consumed in the United States in 2010, principally in the 
production of stainless and full alloy steels (table 4). 


Ferronickel 


In the United States, the steel industry accounted for virtually 
all the ferronickel consumed in 2010, with more than 97% 
used in stainless, heat-resistant, and certain alloy steels. No 
ferronickel was produced in the United States in 2010. 

In 2010, the major ferronickel-producing countries were 
Japan (348,000 t), Colombia (145,000 t), and New Caledonia 
(145,000 t). Together, these three countries accounted for about 
57% of world production if China is excluded. Indonesia, 
Greece, Ukraine, Macedonia, and the Republic of Korea, in 
descending order of gross-weight output, accounted for an 
additional 30%—again excluding China. China was not included 
in these calculations because its industry produced large tonnages 
of nickel pig iron in addition to a spectrum of conventional 
ferronickel grades, for an estimated combined output of 
900,000 t gross weight. The nickel content of individual Chinese 
products varied from about 1.6% to as much as 80%, depending 
upon customer end use. 

The Brazilian nickel industry completed construction of two 
greenfield ferronickel complexes during the fourth quarter of 
2010. In October, Vale S.A. began ramping up production at 
its new $2.84 billion Onca Puma complex in the Ourilandia do 
Norte District, Para State. The Onca and Puma Mines, which 
lie 16 kilometers (km) from one another, have a combined 
82.7 Mt of saprolitic reserves averaging 1.73% nickel. Ores 
from the two open pits were blended in coal-fired rotary kilns 
and then charged into electric furnaces to produce ferronickel. 
Commercial production of molten alloy at the Onca Puma 
complex began in March 2011. The smelter Was expected to 
become fully operational in late 2012 with a production capacity 
of 53,000 t/yr of nickel-in-ferronickel (Hatch Ltd., undated, 

p. 22; Vale S.A., 2011). 

In December 2010, Anglo American plc started its Barro 
Alto smelter in Goias State to process saprolitic ore from the 
adjoining Barro Alto Mine. Some ore from the Barro Alto 
Mine was already being processed at Anglo's existing Codemin 
ferronickel plant, located 170 km away in Niquelandia. In 2010 
the Codemin plant produced 8,500 t of nickel-in-ferronickel | 
from Barro Alto and Codemin ores. The Codemin open pit 
had 7.7 Mt of proven and probable lateritic reserves averaging 
1.2876 nickel. The Barro Alto open pit had 47.5 Mt of proven 
and probable lateritic reserves grading 1.6896 nickel. The Barro 
Alto smelter was comprised of two 185-meter-long rotary kilns 
for calcining the raw ore and two 83-megawatt (MW) 
electric-arc furnaces for final smelting. The first molten 
ferronickel at Barro Alto was poured in March 2011. The 
Barro Alto smelter was expected to be fully operational in late 
2012 with a production capacity of 41,000 t/yr of nickel-in- 
ferronickel. Capital expenditures for the Barro Alto smelter 
totaled $1.9 billion (Anglo American ріс, 201 La; b, 59—68). 

Société Miniére du Sud Pacifique and its joint-venture partner 
Xstrata plc, continued development of the Koniambo laterite | 
deposit in New Caledonia. Nickel was to be extracted from 
saprolite ore and converted to ferronickel using an improved 
version of the pyrometallurgical process employed at Xstrata’s 
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Falcondo smelting and refining complex in the Dominican 
Republic. The bulk of the $3.85 billion project’s infrastructure 
was completed by the beginning of 2010. Erection of the 
smelter and 270 MW powerplant was essentially finished by 
January 2011, with commissioning scheduled for the second 
half of 2012. When fully operational in 2014, the Koniambo 
smelter would be capable of producing 60,000 U yr of nickel in 
ferronickel shot. The shot was expected to average 35% nickel, 
63% iron, and 0.9% cobalt (Usmar, 2011). 

On December 31, 2009, Horsehead Holding Corp. 
(Pittsburgh, PA) acquired The International Metals Reclamation 
Со. (INMETCO) from Vale Inco Ltd. of Toronto, Canada. 
INMETCO operated the sole secondary smelter in North 
America dedicated to recycling both chromium and nickel from 
waste materials. The INMETCO smelter, in Ellwood City, PA, 
has been producing a remelt alloy since 1978 that typically 
averages 13% chromium and 12% nickel. The remelt alloy was 
used as a substitute for ferrochromium and ferronickel in the 
production of stainless steel (Horsehead Holding Corp., 2010). 


Ferrosilicon 


Silicon ferroalloy consumption is driven by cast iron and 
steel production, where silicon alloys are used as deoxidizers. 
Some silicon metal was also used as an alloying agent with iron. 
On the basis of silicon content, U.S. net production of silicon 
ferroalloys (ferrosilicon and miscellaneous silicon alloys) was 
176,000 t, 2796 more than that in 2009. On a gross-weight basis, 
U.S. net production of ferrosilicon in 2010 (246,000 t) also 
increased by 27% compared with that of 2009 (table 7). China 
produced more ferrosilicon than the rest of the world combined 
and about five times that of the next two major producing 
countries—Russia and the United States—combined. 


Ferrotitanium 


Titanium is used in steelmaking for deoxidation, grain-size 
control, and carbon and nitrogen control and stabilization. 
During steelmaking, titanium is usually introduced as 
ferrotitanium because of its lower melting temperature and 
higher density compared with those of titanium scrap. Steels 
with relatively high titanium content include interstitial-free, 
stainless, and high-strength low-alloy steels. Ferrotitanium 15 
usually produced by induction melting of titanium scrap with 
iron or steel; however, it also is produced directly from titanium 
mineral concentrates. The standard grades of ferrotitanium 
are 30% and 70% titanium. U.S. producers of ferrotitanium 
were Global Titanium Inc. (Detroit, MI), with 10,000 ууг of | 
ferrotitanium production capacity, and RTI International je 
Inc. (Canton, OH), with 7,260 t/yr of ferrotitanium and specia ty 
alloy production capacity. The leading ferrotitanium producing 
countries were China, India, Russia, Ukraine, the United 
Kingdom, and the United States. 

In the United States, reported domestic consumption of 
titanium products in steel and other alloys was 1 1,7001 
(gross weight), a 25% decrease compared with that of 2009. 
Increased global steel production in 2010 increased the need | 
for ferrotitanium. Because of increased consumption from stee 
producers, the average price range for 70%-grade ferrotitamum 
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increased to $3.18 to $3.25 per pound, compared with $2.12 to 
$2.20 per pound in 2009. 


Ferrotungsten 


Tungsten is an important alloying element in high-speed and 
other tool steels, and is used to a lesser extent in some stainless 
and structural steels. Tungsten can be added to steel melts as (1) 
ferrotungsten, which is a master alloy containing between 75% 
and 80% tungsten; (2) tungsten melting base, which is a master 
alloy containing up to 36% tungsten; (3) tungsten metal scrap; 
or (4) scheelite ore concentrates (Lassner and Schubert, 1999, 

p. 307-312; Roskill Information Services Ltd., 2007, 
р. 167-168, 174, 178-179). 

World ferrotungsten production was dominated by China. 

In 2010, Chinese production increased to an estimated 6,000 t, 
gross weight, of ferrotungsten, from about 5,000 t in 2009, but 
remained below the 10,000 t/yr typically produced between 2000 
and 2008. Chinese ferrotungsten exports increased by 10% in 
201010 1,280 t, gross weight, from 1,160 t, gross weight, in 2009 
(China Metal Market—Precious & Minor Metals Monthly, 2011; 
Fang, 2011, p. 8). U.S. reported consumption of ferrotungsten 

was significantly lower than that of 2009. Ferrotungsten prices 
increased from those of 2009, with the Platts Metals Week price 


ranging between $25.50 and $52.00 per kilogram of contained 
tungsten during the year. 


Ferrovanadium 


In 2010, China, Russia, and South Africa accounted for 9894 
of world vanadium mine production. In these three countries, 
vanadium was primarily recovered from titanium-bearing 
magnetite ore processed to produce pig iron. The process 
produces a slag containing 20% to 24% vanadium pentoxide, 
which can be further processed to ferrovanadium containing 
40% to 50% vanadium. 

In 2010, vanadium recovery from various industrial waste 
materials, such as vanadium-bearing fly ash, petroleum residues, 
pig Iron slag, and spent catalysts was the leading source of 
US. vanadium production. A small amount of vanadium 


was obtained as a coproduct from the mining of uraniferous 
sandstones on the Colorado Plateau. 


The domestic steel Industry accounted for the majority of U.S. 


reported vanadium consumption in 2010, principally in carbon, 
full alloy and high-strength, low-alloy steels. Ferrovanadium 
Supplied 84% of the 5,000 t of vanadium consumed in the 

United States: this was а 6% increase compared with the revised 


M of 79% for 2009. Steel manufacturing consumed almost 
all of the ferrovanadium in 2010 (table 4). 


Outlook 


ee trend for domestic ferroalloy consumption 

Details of to follow closely that of U.S. steel production. 
Outlook se i outlook for the steel industry are discussed in the 
Minerals го of the Iron and Steel chapter of the 2010 USGS 
bó и Тоң volume 1, Metals and Minerals. Crude steel 
10 from р ү United States increased by 36% to 80.5 Mt in 
"A at in 2009 (Fenton, 2012; table 1). World raw steel 
ton Increased by 14% to 1.42 billion metric tons (Gt) in 
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2010 from that in 2009, with a 3396 increase in North American 
raw steel production to 109.5 Mt. Raw steel production in 
China, the leading world producer, increased by 9.5% to about 
627 Mt. MEPS (International) Ltd. (2011) forecast that world 
raw steel production would increase by 596 to 1.49 Gt in 2011 
from that in 2010, and by 4.496 in 2012. 

Changes in steel production reflect changes in apparent use of 
steel. According to the World Steel Association (2011), world 
apparent steel use would increase by 5.9% to 1.36 Gt in 2011 
and by 6% to 1.44 Gt in 2012. Domestic apparent steel use was 
expected to increase by 1396 in 2011 to 90.5 Mt, as a result of 
continued recovery in U.S. manufacturing. 

Chromium, manganese, silicon, and other ferroalloy metals 
are discussed in more detail, including domestic data coverage, 
outlook, and U.S. Government stockpile information, in the 
respective mineral commodity chapters in the U.S. Geological 
Survey Minerals Yearbook, volume I, Metals and Minerals. 
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TABLE 1 
DOMESTIC PRODUCERS OF FERROALLOYS IN 2010 


Products! 

Company Plant location FeCr  FeMo FeMn FeNb  FeSi  FeTi 
Bear Metallurgical Co. Butler, PA X 
CC Metals & Alloys, LLC Calvert City, KY X 
Core Metals Group? Bridgeport, AL X 
Eramet Marietta Inc. Marietta, OH X X 
Felman Production Inc. Letart, WV 
Global Titanium Inc. Detroit, MI X 
Globe Metallurgical Inc? Beverly, OH X 
Metallurg Vanadium Corp. Cambridge, OH 
Reading Alloys Inc. Robesonia, PA X 
RTI International Metals, Inc. Canton, OH X 
Миа HotSprings AR = 
Thompson Creek MetalsCo.Inc. Тапвеёоћ, РА 


ест, ferrochromium; ҒеМо, ferromolybdenum; FeMn, ferromanganese; FeNb, ferroniobium; FeSi, ferrosilicon; FeTi, ferrotitanium; 
FeV, ferrovanadium; SiMn, silicomanganese. 


"Owned by Globe Specialty Metals. 


TABLE 2 
GOVERNMENT INVENTOR Y OF FERROALLOYS, DECEMBER 31, 2010"? 


(Metric tons of alloys unless otherwise specified) 


Alloy | mM 


Ferrochromium: 
НИИ 


High-carbon 


95,400 
_Low-carbon ———— ———— 95400 


59.000 
Ferromanganese, high-carbon 368,000 
ro Mt Calvi , 


Inventory 


1 
Data аге rounded to no more than three significant digits. 
2 à Я 
Data аге uncommitted Inventory. 


Source: Defense Logistics Agency, DLA Strategic Materials. 
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REPORTED U.S. CONSUMPTION OF FERROALLOYS AS ALLOYING ELEMENTS BY END USE IN 20102 


TABLE 3 


(Metric tons of alloys unless otherwise specified) 


End use 
Steel: 
Carbon and high-strength low-alloy 
Stainless and heat-resisting 
Other alloy 
Tool 
Unspecified 
Total steel 
Cast irons 


Superalloys 
Alloys (excluding alloy steels and superalloys) 
Miscellaneous and unspecified 
Grand total 
Total 2009 
Percentage of 2009 
Consumer stocks, December 31 


"Revised. -- Zero. 


FeB 


471 

(3) 
(3) 
(3) 
279 
756 
(6) 
34 
(6) 
401 
1,190 

1,110 7 

107 
191 


Manganese 
FeMn SiMn 
247,000 62,100 
8,790 14,200 
28,900 16,700 
(5) (3) 
-- 904 
285,000 93,900 
6,970 460 
(7) = 
705 2,920 
(7) (7) 
292,000 97,300 
255,000' 92,800 ^5 
115 105 
30,000 ? 28,000 ? 


1 E Е? 
Data are rounded to no more than three significant digits; may not add to totals shown. 


2 | А | қ ; 
FeB, ferroboron, including other boron materials; FeMn, ferromanganese, including manganese metal; SiMn, silicomanganese; 
FeP, ferrophosphorus, including other phosphorus materials; FeSi, ferrosilicon, including silicon metal, silvery pig iron, silicon 


735 
4,360 
(6) 
(6) 
(6) 
1,010 
5,370 

4,420 ' 
121 
805 


carbide, and inoculant alloys; FeTi, ferrotitanium, including titanium scrap and other titanium materials. 


ЗАП or part included with "Steel, unspecified." 
“All or part included with “Cast irons." 
“All or part included with “Steel, other alloy.” 


6 | | ; 
All or part included with *Miscellaneous and unspecified." 


7 | 5 
All or part included with "Alloys (excluding alloy steels and superalloys)." 


8 — ‘a 
Internal evaluation indicates that silicomanganese consumption is considerably understated. 


9 
Consumer and producer stocks. 


FERROALLOYs. 5o 10 


FeSi 


37,100 3:45 
46,600 ? 
13,100 3,5 


(3) 


50,800 5 


148,000 
88,300 ° 


(6) 


52,200 ^5 
177,000 4 


465,000 
479,000 
97 
14,200 


FeTi 


6,370 
3,300 
392 
(5) 


10,100 
16 
522 
1,020 
42 
11,700 
9,300 ' 
125 
1,410 
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TABLE 4 
REPORTED U.S. CONSUMPTION OF FERROALLOYS AS ALLOYING ELEMENTS BY END USE IN 20102 


(Metric tons of contained elements unless otherwise specified) 


End use FeCr FeMo FeNb FeNi FeV FeW 
Steel: | 


V ——— M ns i 


Carbon 4,140 281 1,630 -- 821 = 
High-strength low-alloy 2,710 117 (3) (3) (4) = 
Stainless and heat-resisting 207,000 721 726 11,100 120 (3) 
Other alloy 28,300 3,090 (3) (3) 3,260 (3) 
Tool (4) (4) (3) (3) (4) (3) 
Unspecified zs - 1,810 103 -- 129 
Total 242,000 4,210 4,160 11,200 4,200 129 
Cast irons 677 334 -- - (4) m 
Superalloys 7,480 (5) 1,400 W 6 G) 
Alloys (excluding alloy steels and superalloys) 2,180 126 24 W (4) (3) 
Miscellaneous and unspecified -- -- -- 220 == = 
Grand total 253,000 4,670 5,590 11,400 4,210 129 
Total 2009 226,000" 4,170 4,350" 9,210" 3,910 246 
Percentage of 2009 112 112 128 124 108 52 
Consumer stocks, December 31 7,250 347 462 821 181 23 


'Revised. W Withheld to avoid disclosing company propri 
'Data are rounded to no more than three signifi 


2 ОЕ | 
FeCr, ferrochromium, including other chromium ferroalloys and chromium metal; FeMo, ferromolybdenum, including 


calcium molybdate; FeNb, ferroniobium, including nickel niobium; FeNi, ferronickel; FeV, ferrovanadium, including 
other vanadium-carbon-iron ferroalloys; and FeW, ferrotungsten. 


"Included with "Steel, unspecified." 
“Included with "Steel, other alloy." 
"Included with 


etary data; included with *Miscellaneous and unspecified." -- Zero. 
cant digits; may not add to totals shown. 


"Alloys (excluding alloy steels and superalloys)." 
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TABLE 5 
FERROALLOY PRICES IN 2010 
High Low Average 
Chromium: 
Ferrochromium: 
0.0596 carbon! 242.65 237.86 240.26 
0.10% carbon! 217.82 213.37 215.60 
0.15% carbon! 203.24 197.70 200.47 
Over 4% carbon: 
49-51% chromium! mE 119.31 115.08 117.20 
60-65% chromium! 128.42 123.94 126.18 
Manganese: 
Silicomanganese? 73.00 58.00 64.27 
Molybdenum: 
Molybdenum oxide* 16.07 15.63 15.85 
T 
Silicon metal! 165.00 115.00 140.05 


Vanadium, ferrovanadium* 14.69 14.16 14.42 


'Cents per pound of contained element. 
"Dollars per gross ton. 
*Cents per pound. 


‘Dollars per pound of contained element. 


Sources: Platts Metals Week and Ryan’s Notes. 


25.7 


TABLE 6 


U.S. IMPORTS FOR CONSUMPTION AND EXPORTS OF FERROALLOYS AND FERROALLOY METALS IN 2010! 


Imports Exports 
И MM I T APA d RR ERR 


Gross weight Contained weight Value Gross weight Contained weight Value 


Alloy (metric tons) (metric tons) (thousands) (metric tons) (metric tons) (thousands) 
Ferroalloys: 
ко ллы ы ыы НК a вези эзе 


Chromium ferroalloys: 
Ferrochromium containing: 
More than 496 carbon 


454,000 261,000 $597,000 6,530 3,150 $7,810 
Not more than 494 carbon XX XX XX 2,490 1,060 4,820 
More than 3% but not more than 4% carbon 1,170 697 1,290 XX XX XX 
More than 0.5% but not more than 3% carbon 2,370 1,450 5,320 XX XX XX 
Not more than 0.5% carbon 49,900 34,300 159,000 XX XX XX 
Ferrochromium-silicon 17,000 7,210 28,200 106 37 225 
Total — 52400 ^ 305000 791000 9,130 ^ 420 70 
Manganese ferroalloys: 
Ferromanganese containing: 
More than 496 carbon 201,000 155,000 237.000 XX XX id 
More than 2% but not more than 4% carbon 291 238 629 XX XX XX 
More than 1% but not more than 2% carbon 85,900 68,400 163,000 XX XX M 
Not more than 1% carbon 39,500 33,500 92.800 XX XX ХА 
Ferromanganese, all grades XX XX XX 19,100 XX 27,800 
Silicomanganese 297,000 197,000 373,000 9,360 XX 1300 
Total 623,000 454,000 866.000 28,500 Xx 4020 
Silicon ferroalloys: О A аса mns 
Ferrosilicon containing: 
More than 55% silicon XX XX XX 18.800 11,600 18,200 
More than 55% but not more than 80% silicon 
and more than 396 calcium 4,410 2,910 9,040 XX XX XX 
Magnesium ferrosilicon 14,500 6,500 26,000 XX XX XX 
Ferrosilicon, othe? 210,000 147,000 307,000 6,590 ы _ 149 
Total __ 229,000 157,000 342000 25,400 14,700 — 29,00 
Other ferroalloys: SS 
Ferrocerium and other Pyrophoric alloys 148 XX 3,110 XX XX MS 
Ferromolybdenum | 5,330 3,560 130,000 1.430 978 33,100 
Ferronickel 30,200 9.420 186,000 69 31 1,280 
Ferroniobium NECARE С 9.660 XX 237,000 395 XX 4190 
Ferrophosphorus 7,650 XX 4.180 1,030 XX 2,000 
Ferrotitanium and ferrosilicon-titanium 212 2,740 XX 11,500 2,570 XX 12,200 
оше апа ferrosilicon-tungsten 462 357 11,000 (4) (4) П 
Ferrovanadium REN AA 1,660 1.340 41,100 882 611 18,100 
Ferrozirconium 105 45 XX 246 569 XX v 
LUN ӘНЕ 222 8,730 XX 27,900 4,570 x i s 
с NP TENE 
enum (total, all grades) 13,000 хх 148.000 гол ХХ 18,400 
Metal, including alloys and waste and scra 10,300 
Unwrought аны | 34 m А 7А 660 = XX 
Other manganese, wrought ps ipd _ dn XX 
Silicon: никак аны AX 3,110 AA s 
Less than 99% silicon ЕНЕ 33,700 
Less than 99.99% but not less 99% silicon ^ nye | © 2 2. pos 8,390 
Not less than 99.99% silicon 222-4870 M 309008 a. 205 XX 2.660.000 
___ Total metals 228000 ^ ——————4.. 2 v 2,730,000 
с И d 166,000 15,500 
Grand total 670.008 : 220.000 eae 7,390,000 
See footnotes at end of table. TE __1,100,000 3,640,000 _145,000 Зе 
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TABLE 6—Continued 
U.S. IMPORTS FOR CONSUMPTION AND EXPORTS OF FERROALLOYS AND FERROALLOY METALS IN 2010! 


XX Not applicable. 

Раја are rounded to no more than three significant digits; may not add to totals shown. 
"Includes less than 55% silicon and 55% to 80% silicon, other. 

Includes imports of ferrosilicon containing 80% to 90% silicon and more than 90% silicon. 
"Less than У; unit. 


Source: U.S. Census Bureau. 
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TABLE 7 


FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, FURNACE TYPE, AND ALLOY TYPE”? 


(Metric tons, gross weight) 


———————_ 2 


Country, furnace type, and alloy type^ ^? 2006 2007 2008 2009 2010: 
Albania, electric furnace, ferrochromium 17.040 -- 11,916 7,556 8,000 
Argentina, electric furnace: 

Ferrosilicon® 24,400 15,000 10,400 11,300 11,000 
Silicomanganese 9,268 8,917 9,172 6,644 6,000 
Total® 33,700 23,900 19,600 17,900 17,000 
Armenia, electric furnace: 
Ferromolybdenum 4,865 5,977 5,325 5,144 5,126 ° 
Ferrotungsten 42 45 45 * 40 * 40 
Total 4,907 _ 6,022 5,370 5,180 5,170 
Australia, electric furnace: 
Ferromanganese 125,000 115,000 147,000 87,000 136,000 
Silicomanganese 120,000 110,000 125,000 74,000 131,000 
Silicon metal DD 35,000 35,000 35,000 30,000 30,000 


Total 


Austria, electric furnace:* 


280,000 . 260,000 307,000 191,000 297,000 
ее 260,000 307,000 ^ 191,000 297000 _ 


Ferronickel, including ferronickel molybdenum 2,250 ' 2,250 ' 2,000 ' 1,750 ' 1,500 
Other m 3,600 3,600 3,600 2,000 2,000 
Total 5,850 ' 5,8580" 5,600" 3,750 ' 3,500 
Bhutan, electric furnace, ferrosilicon, exports* 21,600 ' 40.300 ' 30,800 " 90,800 ' 54,500 
Bosnia and Herzegovina, electric furnace, net exports: 
Ferrosilicon . m 1.300 860 640 470 870 
Silicon metal 15,200 11.600 12,400 11,000 17,300 
Total | 16,500 12,500 - 13,000 11,500 18,200 
Brazil, electric furnace: ~~~ 
_Ferochromium’ ~~~ 166,577 195,890 194,324" 131,048 ' 170,000 " 
Ferrochromium silicon ae 11.600 © 11,600 © 11.507 11,510 11,600 " 
Ferromanganese 280,770 205.000 ' 190,000 ' 75,000 "° — 103,000 ғ 
NNI 39,256 ' 39,672 ' 36,544 ' 37708' 33860? 
Ferroniobium (ferrocolumbium) 41,566 52.442 53,839 ' 34,746 ' 35,000 ? 
Ferrosilicon® 146,000 146,000 144,832 © 145,000 145,000 
Ferrotitanium 5.000 "€ 4.988 ' 4.002 ' 482 ^* 498 P 
Silicomanganese® BE 292,230 é 214,000 198,000 79,000 © 107,000 
Silicon metal" | 133,000 133,000 131,940 * — 132,000 132,000 
eer — 19,500 19,500 19,344 ®% 19,350 19,400 
= ---- Һ!35499° 1,022,092" 984,332" 665,844" 757,000 
Bulgaria, electric furnace, ferrosilicon? 10,000 10,000 6,000 ' 3,000" - 
Canada, electric furnace: et 
Ferroniobium (ferrocolumbium) TM m 6,298 6 6.571 6 6,644 6 7,000 ' 7,000 
- и ЕЕ 35,000 35,000 35,000 27,200" Ps 
Silicon metal : rd 1,000 1,000 Т ae 
eee ERI НИ 30,000 30000 — 50,000 - 30,000 sa 
Chile, electric furnace, ferromolybdenum ^ ^ —— i un о ры 52 = 6 
14,001 14,828 16,918 10,820 * 12,485 
_Blast furnace: ~ 
А E ааа 600,000 600,000 600,000 350,000 ' 5. 
mE Total, blast furnace ЕТ Ни E „50,000 ___ 50,000 _30,000 n 
See footnotes at end of table. Нас о 850,000 _ 650,000 280.009 
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FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, FURNACE TYPE, AND ALLOY ТУРЕ"? 


(Metric tons, gross weight) 
Country, furnace type, and alloy type? ^? 2006 2007 2008 2009 2010* 

China—Continued:* 

Electric furnace: 

Ferrochromium 1,000,000 1,300,000 1,500,000 1,810,000 ' 2,000,000 
Ferromanganese 1,400,000 1,930,000 2,100,000 2,070,000 ' 2,300,000 
Ferromolybdenum 90,000 60,000 80,000 90,000 90,000 
Ferronickel and high nickel pig iron? 390,000 845,000 590,000 600,000 900,000 
Ferrosilicon 4,020,000 4,710,000 4,900,000 ` 5,100,000 : 5,300,000 
Ferrotitanium 4,000 ' 10,000 ‘ 14,000" 300" 500 
Silicomanganese 3,600,000 4,340,000 5,000,000 5,430,000 ' 5,700,000 
Silicon metal 900,000 950,000 980,000 1,230,000 * 1,500,000 
Other 2,630,000 3,560,000 3,230,000 6,620,000 ' 7,600,000 

Total, electric furnace 14,000,000 17,700,000 18,400,000 23,000,000 " 25,400,000 
Total, blast and electric furnaces 14,700,000 18,400,000 " 19,000,000 23,300,000 ' 25,800,000 

Colombia, electric furnace, ferronickel 151,967 ' 145,282 ' 126,638 ' 153,628 ' 145,239 6 

Czech Republic, electric furnace, other? 2,800 2,800 2,800 -- -- 

Dominican Republic, electric furnace, ferronickel 76,659 75,067 47,408 -- == 

Egypt, electric furnace: 

Ferromanganese 30,000 30,000 30,000 30,000 30,000 
Ferrosilicon 50,000 48,000 ' 59,000 ' 78,000 ' 78,000 

E CN 80,000 78,000 ' 89,000 108,000" 108,000 

Finland, electric furnace, ferrochromium 243,350 241,760 233,550 123,310 125,000 

France, electric furnace: 

Ferromanganese 137,000 144,000 46,600 46,000 138,000 
Ferrosilicon 34,000" 31,000 ' 30,000 ' 18,300 ' 27,000 
Silicomanganese 63,300 65,400 60,200 54,100 54,000 
Silicon metal 100,000 ' 120,000 ' 118,000 ' 80,000 ' 112,000 
Other 60,000 60,000 60,000 60,000 60,000 

Та 39400' _ 420000' 315000: 258000: 391,000 

Georgia, electric furnace: 

Ferromanganese 5,130 5,000 * 5,000 * МА! NA 
Silicomanganese 116,945 120,000 * 120,000 * 112,016 ' 203,464 6 

= mul 122,075 125,000 * 125,000 * 112,016 " 203,464 5 

Germany, electric furnace: 

_ Ferrochromium || 26,710 22,030 26,960 13,667 20,000 
Silicon metal 35,500 35,245 35,000 * 20,000 * 35,000 
Ое? 24,100 5,000 5,000 - - 

LIUM voee pec S 363 10 62,275 66,960 33,667 55,000 

Greece, electric furnace, ferronickel 88,000 * 90,000 * 87,664 42,423 66,000 

Iceland, electric furnace, ferrosilicon 113,798 110,000 * 100,000 * 112,993 ' 114,231 6 
Ferroaluminum 9,947 9,377 8,170 7,017 7,000 

_ Ferroboron 80 80 83 90 95 

E ШЙ =. 634,200 ' 820,000 ' 750,000 ' 873,385 ' 850,000 

_Ferromanganese | 296,726 391,210 384,577 389,465 390,000 

. Ferromolybdenum | 3,120 2,899 2,162 2,822 3,000 

_ Ferronickel magnesium 97 122 221 209 210 

| Ferrosilicomagnesium С“ 11,387 13,525 13,400 17,132 17,000 

_ Ferrosilicon | 68,000 ' 80.000 ' 92,000 ' 101,337 ' 101,000 


See footnotes at end of table. 
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TABLE 7—Continued 
FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, FURNACE TYPE, AND ALLOY ТУРЕ! 2 


(Metric tons, gross weight) 


_____Оошиту, fumaceypeandaloytpe* 2006 207 338 20 ae 
India, electric fumace—Contined:? 0-2 


Ferrosilicozirconium 178 109 87 120 150 
Ferrotitanium 1,761 1,937 1,661 2,379 2,200 
Ferrotungsten 54 51 150 150 160 
Ferrovanadium 1,139 1,585 1,501 1,769 1,800 
Silicomanganese 782,962 911,402 891,458 1,099,838 1,000,000 
Total 1,809,651 ' 2,232,297 ' 2,145,470 ' 2,495,713! 2,370,000 
Indonesia, electric furnace: 
Ferromanganese® 12,000 12,000 12,000 12,000 12,000 
Ferronickel 72,300 92,500 87,800 62,700 ' 93,300 
Silicomanganese® 5,000 6,000 7,000 7,000 8,000 
Total 89,300 110,500 106,800 81,700 =° 113,000 
Iran, electric furnace: 
Ferrochromium 7,000 8,000 8,000 8,000 8,000 
Ferromanganese Ee aa d -' en 
Ferrosilicon 45,000 45,000 45,000 45,000 45,000 
Total 52.000 53,000 53,000 53,000 53,000 
Italy, electric furnace? 
Ferromanganese 4,500 4,800 8,500 5,500 17,000 
Silicomanganese 33,500 37,000 25,500 17,000 23,000 
Cite? ME 10,000 10,000 10,000 10,000 10,000 
NL C PRENNE ен 48,000 51.800 44,000 32,500 50,000 
_Ferrochromium® — 13,056 12,016 13,888 7,698 ' 16,208 * 
Ferromanganese 406,162 420,151 431,181 361,375 453,265 § 
Ferromolybdenum 4,229 4,573 4,554 3,598 4,615 ° 
Ferronickel 335,884 351,503 301,361 284,884 348,420 ° 
_Ferrotitanium ~~~ NA NA NA NA NA 
_Ferrovanadium ~~ 2,042 г 3,205 ' 3,477 2,560 4,190 ° 
Silicomanganese 59,424 52,901 58,884 49,205 49,865 * 
ECT NENNEN NM ME 13,123 1 13,982 ' 14,478 12,957 16,374 * 
o 833,920 858,331 827,823 ' 722,277! 892,937 ° 
_Ferrochromium о --------- 1,190,673 © 1,307,536 1220315 1,173,286" 1,250,000 
Ferrochromium silicon 117,607 : 145,695 133,828 60,829 ' 150,000 
Ferromanganese* 5% : МГ ur T 
жыш 85,924 ' 59,886 54,964 33,100" 20,000 
_Silicomanganese ~~ 218,323" — 188,445 179,939 200,374" 215,00“ 
Сота BÀ : а ? M" 
Other* ЕС | : е » 
Korea, North, electric furnace, other | 


10,000 10,000 10,000 10,000 10,000 
лл eee O Мә. ee 


Korea, Republic of, electric furnace: 


Ferromanga 

ang nese 169,202 209,321 251,125 250,000 ^* 250,000 
_Ferronickel. =~ ad 
 Silicomanganse ^ ——————— А > 6,600 56,911 ' 55, 

icom ese 
са CM 94,119 105,607 76,184 80,000 "€ 80,000 
r 
E MEME A 3,653 4.224 4,000 * co -- 
266,974 00 ' 385,000 

See footnotes at end of table. 319,152 337,909 387,0 
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TABLE 7—Continued 


FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, FURNACE TYPE, AND ALLOY ТУРЕ"? 


See footnoets at end of table. 
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(Metric tons, gross weight) 
Country, furnace type, and alloy type” *? 2006 2007 2008 2009 2010* 
Kosovo, ferronickel = 3,500 © !5 24,300 "5 27,700 ^* 30,400 
Macedonia, electric furnace: 
Ferromanganese -- -- 12,623 -- nus 
Ferronickel 47,600 ' 66,600 ' 65,300 " 52,200 ^* 60,900 
Ferrosilicon 59,023 34,215 42,674 7,657 67,000 
Silicomanganese 25 70,472 54,931 -- san 
Total 106,623 ' 171,287 ' 175,528 ' 59,857 ' 128,000 
Mexico, electric Ашпасе: 6 
Ferromanganese 62,485 74,578 97,366 42,492 42,000 
Silicomanganese 97,457 109,286 114,320 85,065 85,000 
Total 159,942 183,864 211,686 127,557 127,000 
New Caledonia, electric furnace, ferronickel 162,400 151,100 144,300 147,200 145,000 6 
Norway, electric furnace! 
Ferromanganese 245,000 245,000 309,000 205,000 297,000 
Ferrosilicon 93,000 217,000 250,575 6 207,337 * 210,000 
Silicomanganese 230,000 225,000 252,000 200,000 249,000 
Silicon metal 100,000 145,782 9 180,135 $ 169,643 6 170,000 
Е а ынтаның 15,000 15,000 15,000 15,000 15,000 
па 77177 848,000 1,010,000 797,000 941,000 
Peru, electric furnace, ferrosilicon’ ————————————- 600 600 600 600 600 
Poland: 
_ Blast furnace, ferromanganese о о 4,100 2,100 8,500 ' 1700^* 2,000 
Electric furnace: 
Ferrosilicon 13,034 58,538 56,031 9,685 ' 10,000 
Silicomanganese 3,310 15,600 25,100" 14,000 %% 15,000 
Total, electric furnace |^. —— 16344 74,138 81,131" 23,700 ' 25,000 
Total, blast and electric furnaces 20,444 76,238 89,631 ' 25,400 " 27,000 
Romania, electric furnace: 
Ferrochromium E = W W W 
Ferromanganese 3,329 a <= == а 
Silicomanganese 53,085 26,868 10,000 -- 20,000 
Total 56,414 26,868 10,000 үу" 20,000 
Blast furnace: 
Ferromanganese 130,000 120,000 110,000 88,000 "9 171,600 6 
— Femphophons Қ —— ^ ^ ^ 3,500 3,500 3,500 3,000 3,600 
Spiegeleisen 7,000 7,000 7,000 6,500 5,500 
Total, blast furnace 141,000 131,000 121,000 97,500 ' 181,000 
Electric furnace: 
Ferrochromium 600,000 570,000 490,000 378,000 ° 414,000 
Ferronickel: 
ipa edes ы: 16,085 19,031 17,971 17,489 19,763 
саев MEC EE 12,340 12,840 13.440 14,040 14,600 
тоа (ferrocolumbium) |” à d б е s 
Ferrosilicon | © 882,006 896,005 850,000 745,000 916,000 
Ferrotitanium NA NA NA NA 4,000 
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TABLE 7—Continued 
FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, FURNACE TYPE, AND ALLOY TYPE? 


(Metric tons, gross weight) 


Country, furnace type, and alloy type? *? 2006 2007 2008 2009 2010° 
Russia, electric furnace—Continued: 
oe ha Lay с ы 1 


Ferrovanadium 11,000 12,000 12,000 8,029 56 13,507 * 
Silicomanganese 40,000 40,000 40,000 98,700 ^ — 147,900 ° 
Silicon metal 54,500 54,000 54,000 23,900 ' 48,700 
Other 22,000 22,000 22,000 20,000 18,000 
Total, electric furnace 1,640,000 1,630,000 1,500,000 1,310,000 = 1,600,000 
Total, blast and electric furnaces 1,780,000 1,760,000 1,620,000 1,410,000 " — 1,780,000 
Saudi Arabia, electric furnace, other* 85,000 85,000 90,000 80,000 ' 90,000 
Slovakia, electric furnace: 

Ferrochromium 19 БЕ = - = 

Ferromanganese 59,391 74,065 61,194 21,000 "° 25,000 

Ferrosilicon | 16,155 8,583 10,844 8,622 37,034 6 

Silicomanganese 59,128 71,587 59,940 32,000 ^* 35,000 
та 139,693 159,235 131,978 61,600 ' 97,000 
Slovenia, electric furnace, ferrosilicon 12,550 6,000 * = - = 
South Africa, electric furnace: 

Ferrochromium 3,030,000 3,551,983!" 3,268,659" 2,346,131" — 3,607,132 
_Ferromanganese SSS 656,235 698,654 503,000 260,000 * 530,000 * 
_ Ferronickel, high-nickel mu 133 6,667 5,733 1,067 1,040 ° 

Ferrosilicon 148,900 140,000 135,000 120,000 * 130,000 
_Fenovanadum’ — — 18,000 19,000 19,000 17,000 18,000 
_Silicomanganes® — 247,000 302,000 233,000 110,000 230,000 

Silicon metal 58,000 ' 53,000" 55.000 ' 38,000 "< 53,200 
ЕН г: ани 458268! 4,771,047 4,219,392" 2,892,198! 4,570,000 
Spain, electric furnace:* 

E o ——— 148,000 © 155,000" 163,000" 68,0007 152,000 
c ы. 67,000 71,000 74,000 ' 44,000 ' 64,400 
ыы 145,000 ' 153,000 ' 160,000 ' 67,000" 150,000 
оаа 32,000 32,000 33,000 ' 23,000 ' 32,500 
n €: 5.000 5.000 5.000 5,000 5,000 
ИЕ 397,000 г 416,000 ' 435,000 ' 207,000* 404,000 
Sweden, electric furnace: ~~~ 

aR Ag UO cU Mt Eee are he 

дшш 136,374 124,403 117,053 31,345 36,000 
ото 4,000 5,000 5,000 5,000 5,000 
Thailand, electric furnace, silicon metal 140374 129,403 122,053 36,345 ae 
-әтгүц)ү ---- 67,975 69,730 79,840" 41,028 тын? 
E 2,000 ' 5,000 4,500 : 4,000 4,000 
 Blastfumace: ~~~ 

Ferromanganese 6 
Spiegeleisen" ps г pos r pu г _ у | 
Total, blast furnace? 34,500 г 3r 400 * а r 
See footnotes at end of table. ›400 18,000 ш 


25.14 K—2010 


U.S., GEOLOGICAL SURVEY MINERALS YEARBOO 


(Metric tons, gross weight) 
Country, furnace type, and alloy type" *? 2006 2007 2008 2009 2010" 
Ukraine, electric furnace—Continued: 
Ferromanganese 373,000 368,000 362,400 ' 129,400 280,100 $ 
Ferronickel 79,338 79,530 89,825 61,449 62,000 
Ferrosilicon © 169,000 218,000 152,800 150,300 195,500 5 
Ferrotitanium NA NÀ NA МА МА 
Silicomanganese 1,168,000 1,281,000 894,900 ' 741,900 940,400 ° 
Other 22,200 ' 23,700 * 23,000" 23,900 " 28,500 6 
Total, electric furnace 1,811,538 ' 1,970,230 ' 1,522,925" 1,106,949 ' 1,506,500 $ 
Total, blast and electric furnaces 1,845,988 ' . 2,001,660 ' 1,540,925 ' 1,106,949 г 1,506,500 $ 
United Kingdom, electric furnace, ferrotitanium NA NA NA NA NA 
United States, electric furnace: 
Ferrochromium'? W W W W үу 
Ғетотапралеве”” W W W W W 
Ferroniobium (ferrocolumbium) NA NA NA МА МА 
Ferrosilicon”! 194,000 220,000 248,000 194,000 ' 246,000 $ 
Ferrotitanium NA NA NA NA NA 
Silicon metal”! W W W W W 
Other” W W W W үу 
Total К 194,000 220,000 248,000 194,000" 246,000 6 
Uruguay, electric furnace, ferrosilicon? 200 200 200 200 200 
Venezuela, electric furnace ——————————————————————————— 
Ferromanganese m 15,000 15,000 15,000 15,000 15,000 
Ferronickel® Е 75,313 68,506 42,300 40,113 40,150 
== = 95,000 ' 94,000 ' 88,000 ' 52,100 ' 76,800 
о de | E E TE i = 
Zimbabwe, electric furnace: | | - 0 
те silicon E ; po e ш 
Total : Е 1,612 603 г 
511 201,697 190,424 147,042 72,826 150,000 
Of which: 222002 32,800,000 38,000,000 " — 37,300,000 " — 38,000,000 ' 44,300,000 
Blast furnace: 
So dee 764000 4900 735,000" 440,000" 524000 
Other” 11,500 11,700 ' 9,000 ' 6,500 ' 5.500 
Toul se tac an | 53,500 53,500 33,000 33,600 
Elec fere ; 814,000 797,000 ' 479,000 ' 563,000 
аот 7,330,000 | 8,410,000" 8,060,000" 7,020,000" — 8,710,000 
т 134,000 | 164,000 151,000 76,400 ' 166,000 
ае 4,430,000 | 5,100,000 © — 5,130,000" 4,070,000" 5,170,000 
о Remonicke i ———————— 116,000 | 88,300 | 109,000 ' 112,000 : 115,000 
——  Femoniobium (Rmocolumbiun] 77 poo 2,050,000 1,690,000 ' 1,600,000 2,020,000 
M шо == шышы , 59,100 60,600 ' 41,900 ' 42,100 
С 6,410,000 | 7,310,000 " 7,430,000 € 7,310,000: 7,890,000 
ния 33,200 36,800 ' 37,000 30,300" 38,400 
7,470,000 © 8,490,000! 8,630,000: 8,590,000 ' 9,480,000 


See footnotes at end of table. 
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TABLE 7—Continued 
FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, FURNACE TYPE, AND ALLOY ТУРЕ"? 


(Metric tons, gross weight) 


Country, furnace type, and alloy type” *? 2006 2007 2008 2009 2010* 
Grand total, electric furnace—Continued: 
Silicon metal 1,490,000 ' 1,600,000 ' 1,680,000 ' 1,790,000 : 2,180,000 
Grand total-Continued: 
еселі анны ны crt dicent o RR er EE 
Of which: 
Other? 2,960,000 3,890,000 3,560,000" 6,910,000: 7,910,000 
Lue лк ВУ. MEM MM... мй. 2) 

Total, electric furnace 32,000,000 37,200,000 " — 36,500,000 ' — 37,500,000 43,700,000 


"Estimated. Preliminary. "Revised. NA Not available. W Withheld to avoid disclosing company proprietary data; not included in “Total.” -- Zero. 


World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
?Table includes data available through October 7, 2011. 


За addition to the countries listed, ferrotungsten is produced in China, Russia, and Vietnam; Austria, China, and Germany are thought to have 
produced ferroniobium (ferrocolumbium); and Iran is thought to have produced ferromolybdenum and silicomanganese, but production 
information is inadequate for the formulation of estimates of output levels. 


*To the extent possible, ferroalloy production of each country has been separated according to the furnace from which production is obtained; 
production derived from metallothermic operations is included with electric furnace production. 

“То the extent possible, ferroalloy production of each country has been separated to show the following individual major types of ferroalloys: 
ferrochromium, ferrochromium silicon, ferromanganese, ferromolybdenum, ferronickel, ferroniobium (ferrocolumbium), ferrosilicon, 
ferrovanadium, silicomanganese, silicon metal, and spiegeleisen. Ferroalloys other than those listed that have been identified specifically in sources, 
as well as those ferroalloys not identified specifically, but which definitely exclude those listed previously in this footnote, have been reported 


as "Other." Where one or more of the individual ferroalloys listed separately in this footnote have been inseparable from other ferroalloys owing 
to a nation's reporting system, deviations are indicated by individual footnotes. 


^Reported figure. 


7 
Includes high- and low-carbon ferrochromium. 
8 


China currently makes several different types of ferronickel. These products range from a low-nickel pig iron (8.596—9.096 nickel) to high-nickel 


ferronickel carbonyl powder (70%-80% nickel). The gross weight figures are based on average estimated content ranging from 20%-25% nickel. 
Includes, if any, ferrochromium silicon, ferronickel, and silicomanganese. 


Reported on a fiscal-year basis, which is from April 1 to March 31. 
Includes charge chrome and ferrochrome. 
"Excludes calcium-silicon. 


Includes high- and low-carbon ferrochromium and ferrochromium silicon. 


"Includes calcium-silicon, ferrocolumbium, and other ferroalloys. 

"On February 17, 2008, the Kosovo Assembly declared independence from Serbia. 
'5Salable products from Cía Minera Autlán S.A. de C.V, 

"Low-iron ferronickel containing greater than 85% nickel, 

Includes ferronickel chromium and Ni-resist cast iron 


produced from scrap. 
19 ЖЕК 
0.5. output of ferrochromium includes chromium met 


al, high- 
ese, 


МР jals. 
55 and low-carbon ferrochromium, ferrochromium silicon, and other chromium materi 
U.S. output of ferromanganese includes Silicomangan 


? Net production. 

“Мау include ferroboron, ferrocolumbium, 
Includes ferrophosphorus and data contain 
"Ferrochromium includes ferrochromium s 


ferromolybdenum, ferrophosphorus, ferro 
ed in “Blast furnace: Other." 
ilicon, if any, 


. . . . » 1 > | iron. 
titanium, ferrovanadium, nickel columbium, and silvery pig 


25 | for Japan, South Africa, and the United States. 
Includes ferroaluminum, ferroboron, ferronickel magne 


sium, ferrosilicon magnesium, ferrosilicozirconium, ferrotitanium, and ferrotungsten. 


25.16 


K—2010 
U.S. GEOLOGICAL SURVEY MINERALS YEARBOO 


FLUORSPAR 
By M. Michael Miller 


Domestic survey data and tables were prepared by Samir Hakim, statistical assistant, and the world production table was 


prepared by Lisa D. Miller, international data coordinator. 


[n 2010, there was no primary fluorspar production in the 
United States, although a small amount of fluorspar was 
recovered as a byproduct of limestone quarrying in Illinois 
and was screened and sold as metallurgical grade. As the U.S. 
economy showed signs of recovery, fluorspar consumption 
rebounded in 2010, recovering about one-half of the large 
decrease reported in 2009. The bulk of U.S. consumption 
was supplied by imports and by small amounts of byproduct 
synthetic fluorspar produced from industrial waste streams. 
Byproduct fluorosilicic acid (FSA) production from some 
phosphoric acid producers supplemented fluorspar as a domestic 
source of fluorine but was not included in fluorspar production 
or consumption calculations. 

According to the U.S. Census Bureau, U.S. trade in fluorspar, 
cryolite, and major fluorochemicals increased after the steep 
decline recorded in 2009 (tables 1, 4—6). Fluorspar is used 
directly or indirectly to manufacture such products as aluminum, 
gasoline, insulating foams, plastics, refrigerants, steel, and 
uranium fuel. Most fluorspar consumption and trade involve 
either acid grade (also called acidspar), which is greater than 
97% calcium fluoride (CaF,), or subacid grade, which is 97% 
ог less CaF, Subacid grade includes metallurgical and ceramic 
grades and is commonly called metallurgical grade or metspar. 


Production 


dn 201 0, small amounts of byproduct fluorspar were produced 
ІП Illinois by a single company, but data were not collected 
on quantities produced. There is no U.S. Geological Survey 
(USGS) data survey for synthetic fluorspar produced in the 
United States. FSA is produced as a byproduct from the 
Processing of phosphate rock into phosphoric acid. Domestic 
2. data for FSA were developed by the USGS from a 
c у of U.S. phosphoric acid operations known to 
иы - the five FSA operations surveyed, responses 
a elved from four plants, representing 93% of the total 

or used by producers. Production and sales data for the one 


nonresponde i i 
is Pondent were estimated based on prior year company 


| 
12010, there were three companies producing marketable 


E FSA at Phosphoric acid plants (part of a phosphate 

subs 22. J.R. Simplot Co., Mosaic Fertilizer (а 

operated five pl © Mosaic Co.), and PCS Phosphate Co. Inc. 

and Wyomin n In Florida, Louisiana, North Carolina, 

byproduct o at produced marketable FSA: Production of 

and quantities a 71,600 metric tons (t) (100% basis Н,81Е,), 
128,000 t of fy or used totaled 72,600 t (equivalent to about 

million, OrSpar grading 92% CaF 2) valued at about $10.4 
Some synthetic fluors 

Petroleum alkylation, st 
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par was recovered as a byproduct of 
ainless steel pickling, and uranium 


i 


processing. The majority of the marketable product was 
estimated to come from uranium processing, but the actual 
amount of synthetic fluorspar recovered 1s unknown. 

Hastie Mining and Trucking Co. (Cave-In-Rock, IL), Core 
Metals Group (Aurora, IN), and Seaforth Mineral & Ore Co. 
Inc. (East Liverpool, OH) marketed screened and dried imported 
acid- and metallurgical-grade fluorspar. Hastie Mining also 
screened and sold small amounts of byproduct fluorspar from 
the company's limestone quarry operation. 

Hastie Mining encountered additional delays in developing 
its Klondike II fluorspar mine in Kentucky. Development work 
continued but was slowed while the company waited for a road 
construction permit. The company installed a heavy-media 
separation plant, which because of the relatively simple 
mineralogy of the deposit was expected to be able to produce 
acid-grade fluorspar without the need for flotation processing. 
The company owns a flotation mill near Salem, KY, but it had 
been vandalized while it was idle, and renovation work would 
be required before it could be made operational. Originally, 
planned output from the Klondike II project was for combined 
acidspar and metspar production totaling 50,000 metric tons per 
year (t/yr). New plans called for production of large quantities 
of acidspar via the heavy-media plant with an ultimate goal of 
producing in excess of 200,000 t/yr. Production startup was 
expected in early 2012 (Don Hastie, Hastie Mining & Trucking 
Co., oral commun., March 16, 2011). 


Consumption 


Domestic consumption data were developed by the USGS 
from a quarterly consumption survey of two large consumers 
that provide data on hydrofluoric acid (HF) consumption and 
four distributors that provide data on the merchant market 
(metallurgical and other uses). Complete quarterly data were 
received from the two HF producers, while partial data were 
received from the four distributors, with estimates made for 
nonrespondents. These responses and estimates accounted for 
10076 of the reported consumption in table 2. 

Industry practice has established three grades of fluorspar— 
acid grade, containing more than 9794 CaF » Ceramic grade 
containing 85% to 95% CaF,; and metallurgical grade, normal 
containing 60% to 85% CaF,. Fluorspar grades are defined by : 
the intended use, but these grades are essentially just ranges 
derived from customer and supplier specifications. For reasons 
ranging from availability to economics to process changes, U.S 
consumers have been moving toward the use of higher quality | 
fluorspar. For example, welding rod manufacturers may use 
acid-grade fluorspar rather than ceramic grade, and some steel 
mills use ceramic or acid grade rather than metallurgical grade 

Total reported U.S. fluorspar consumption increased by 12% | 
in 2010 compared with that of 2009 (table 2). Because of the 
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closure of the single aluminum fluoride (AIF,) producer in 2008, 
consumption data for the two HF producers has been combined 
with "Other" uses in table 2 to avoid disclosing company 
proprietary data. 

Acid-grade fluorspar, which accounted for 9494 of the total 
U.S. fluorspar consumption, was used primarily as a feedstock 
in the manufacture of HF. Two companies reported fluorspar 
consumption for the production of HF in 2010—E.I. du Pont 
de Nemours & Co. Inc. (DuPont) and Honeywell International 
Inc. Fluorspar consumption for HF production increased 
substantially compared with that of 2009. Since most acid-grade 
fluorspar is converted to HF before consumption, it is necessary 
to discuss HF uses and markets in order to properly analyze 
fluorspar consumption. 

The leading use of HF was for the production of a wide 
range of fluorocarbon chemicals, including hydrofluorocarbons 
(HFCs) and hydrochlorofluorocarbons (HCFCs), 
fluoroelastomers, and fluoropolymers. Production of these 
compounds accounted for about 7596 of domestic HF 
consumption and 40% of world HF consumption. Major U.S. 
producers were Arkema Inc., DuPont, Great Lakes Chemical 
Corp., Honeywell, Mexichem Fluor, Inc. (formerly Ineos Fluor 
Americas LLC), MDA Manufacturing Ltd., and Solvay Solexis 
Inc. 

Internationally, acid-grade fluorspar was used in the 
production of AIF, and cryolite (Na, AIF), which are the main 
fluorine compounds used in aluminum smelting. Alumina is 
dissolved in a bath that consists primarily of molten Ма, АЕ, 
AIF,, and fluorspar to allow electrolytic recovery of aluminum. 
Fluorine losses are replaced entirely by the addition of AIF қ 
the majority of which will react with excess sodium from the 
alumina to form Na,AIF,. Most AIF, is produced directly from 
acid-grade fluorspar or from byproduct ЕЗА. The United States 
ceased production of AIF ; in fall 2008 when Alcoa World 
Alumina LLC (a business unit of Alcoa Inc.) closed its Point 
Comfort, TX, production facility. The AIF, requirements of U.S. 
aluminum industry are now met through imports (table 8). 

The merchant fluorspar market in the United States included 
sales of metallurgical- and acid-grade material mainly to steel 
mills, where it was used primarily as a fluxing agent to increase 
the fluidity of the slag. Sales were also made to smaller markets 
such as cement plants, foundries, glass and ceramics plants, and 
welding rod manufacturers in railcar, truckload, and less-than- 
truckload quantities. Complete data on merchant fluorspar sales 
cannot be shown because consumption of acid-grade fluorspar 
for HF production has been combined with other uses in table 
2 to prevent disclosure of company proprietary data, [n 2010 
merchant sales (excluding acid-grade for other uses) increased 
by 40% compared with those of 2009. During the past 20 to 30 
years, fluorspar usage in such industries as steel and glass has 
declined because of product substitutions or changes in industry 
practices. 

In 2009, U.S. steel production decreased by 3694 (33.2 Mt) 
compared with that of 2008, and raw steel capacity utilization 
at U.S. steel mills averaged only 51% for the year. In 2010 
demand picked up significantly; steel production increased b 
38% (22.4 Mt) to 80.6 Mt, and raw steel capacity utilization : 
averaged 70% (Fenton, 2011; World Steel Association, undated) 
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In the United States, consumption of fluorspar in metallurgical 

markets (mainly steel) increased by 40% compared with that of 
2009. Consumption in this sector was 72% metallurgical grade 

and 28% acid grade. 

In the United States, FSA is used primarily for water 
fluoridation, but it may also be used as a metal surface 
treatment and cleaner and for pH adjustment in industrial textile 
processing or laundries. It can also be used in the processing 
of hides, for hardening masonry and ceramics, and in the 
manufacture of other chemicals. In 2010, byproduct FSA sold 
for water fluoridation was 67,100 t valued at $8.92 million, and 
about 5,600 t valued at $1.47 million was sold or used for other 
uses. 


Stocks 


Data for stocks were available from some fluorspar 
distributors and HF producers. Known consumer and distributor 
stocks at the end of 2010 totaled 121,000 t. This represented 
an 18% increase in known consumer and distributor stocks 
from yearend 2009. The last sales from the National Defense 
Stockpile were made in 2006, and Government stocks of 
fluorspar were zero. 


Transportation 


The United States depends on imports for most of its fluorspar 
supply. Metallurgical-grade fluorspar is shipped routinely as 
lump or gravel, with the gravel passing a 75-millimeter (mm) 
sieve and not more than 10% by weight passing a 9.5-mm sieve. 
Acid-grade fluorspar is shipped in the form of damp filtercake 
that contains 7% to 10% moisture to facilitate handling and to 
reduce dust. This moisture is removed by heating the filtercake 
in rotary kilns or other dryers before treating with sulfuric 
acid to produce HF. Acid-grade imports from China and South 
Africa are usually shipped by ocean freight using bulk cames 
of 10,000-t to 50,000-t deadweight capacity; ships in this size 
range are termed “handymax.” Participants negotiate freight 
levels, terms, and conditions. Some acid grade and ceramic 
grade is marketed in bags for small users and shipped by truck. 

According to the Baltic dry index, which tracks worldwide 
international shipping prices of handymax, panamax, and | 
capesize dry bulk carriers, ocean freight rates fluctuated during 
2010 but remained low, especially compared with the highs 
reached in 2008. The Baltic dry index began the year above 
3,100 but by yearend the index was below 1,700 indicating 
demand for shipping was still low (Bloomberg L.P., 2011). The 
low shipping rates benefited fluorspar buyers who could take 
advantage of low fluorspar prices and low ocean freight rates. 


Prices 


China 
tially 
nic 


Acidspar prices for the two major exporting countries, 
and Mexico, stabilized in 2010 and at yearend were essen 
unchanged from yearend 2009. The price range for low-ars¢ 
acidspar from Mexico, however, did decrease slightly and 7 
price of acidspar from South Africa increased compared wit 
that of 2009. With the rebound in world steel production, a 
price range for Mexican metspar narrowed to $170 to $200 
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per metric ton, up from $140 to $195 per ton the previous year 
(table 3). 


Foreign Trade 


[n 2010, U.S. exports of fluorspar totaled 17,900 t—an 
increase of 27% compared with those of 2009 (table 4). With the 
disposal of all fluorspar stocks in the National Defense Stockpile 


* and only а small amount of mined fluorspar, exports are likely 


reexports of imported material. The leading recipients of U.S. 
exports were Canada (66%) and Taiwan (32%). 

In 2010, imports for consumption of fluorspar increased by 
about 14% compared with those of 2009 (table 5). The leading 
suppliers of fluorspar to the United States were Mexico (71%), 
China (18%), South Africa (6%), and Mongolia (4%). 

Compared with those of 2009, imports of HF increased 
by 18% to 135,000 t (table 6), imports of cryolite (Na,AIF,) 
increased by 88% to 5,320 t (table 7), and imports of AIF, more 


‚ than doubled to nearly 38,000 t (table 8). The majority of HF 
, Imports were from Mexico (85%), with Canada (9%) and China 


(5%) supplying most of the balance. In 2010, almost all AIF, 
imports were from three countries—Mexico (3796), Canada 
(32%), and China (30%). 


World Review 


In 2010, world fluorspar production returned to 2008 levels of 
about 6 Mt, an increase of 8% compared with that of 2009. 
Bulgaria.—The Chiprovtzi area in Montana Province has 
hada long history of mining, but the last mine in the area closed 
П the 1990s. N&N Group (Italy) began a geologic assessment 
in 2004 that resulted in expanded knowledge of the extent 


к and quantity of fluorspar resources in the project area. This 


information encouraged the company to acquire the licenses for 
the old mines and production plant and to start rehabilitating the 
mines and constructing a new flotation mill. The new flotation 
mill and associated equipment was constructed to allow future 
Capacity expansions. In 2009, the mine and flotation plant 
commenced final industrial tests, and by yearend, all mine- 


. and mill-related obstacles had been resolved. Capacity of the 


flotation mill was about 2,500 metric tons per month (30,000 
Vyr) at the beginning of 2010, with plans to double capacity to 
d mine and mill profitability. The acid-grade fluorspar 
a Kc er to r of high quality; impurities such as | 
dd dtt a т ates were either not present or found in 
м roup, 2010). 
im ou Е luorspar Inc. (Markham, Ontario) 
n à it received the Federal environmental 
irte cn SE report from the Canadian Government 
Мм ira fluorspar project in St. Lawrence, 
э and Labrador. The report concluded that “the 
not likely to cause significant adverse environmental 
application of the mitigation measures specified 
де Federal Government, therefore, has released 
binis fee environmental assessment. Approvals 
approval from the ernment closely followed environmental 
oth paved th eonennet of Newfoundland and Labrador. 
objective, seat y or Canada Fluorspar to pursue its 
mmencing construction of Its mine, mill, tailings 
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facilities, and wharf in the second half of 20 11. Fluorspar 
production was expected to begin in 2013 (Canada Fluorspar 
Inc., 2010). 

China.—China’s 2010 fluorspar exports were 598,000 t, more 
than double those of 2009. Of the total, metspar accounted for 
212,000 t and acidspar 386,000 t. Net fluorspar exports were 
542,000 t, since China imported 54,000 t of metspar in 2010 
(United Nations, 2011). 

The Chinese Government issued a new policy concerning 
hydrogen fluoride called industrial admittance conditions for 
hydrogen fluoride, which was designed to protect fluorspar 
resources. The policy focuses on controlling HF capacity 
through tougher licensing requirements that encourage mergers 
or acquisitions. HF plants would be required to have a minimum 
capacity of 50,000 t/yr. The policy encourages existing fluoride 
companies to acquire fluorspar mine resources and would 
limit or bar companies without dedicated fluorspar resources 
from entering or further expanding into the fluoride industry. 
HF producers would be prohibited from purchasing fluorspar 
from unlicensed fluorspar companies. The policy is intended 
to improve integration of the fluoride industry by establishing 
larger vertically integrated companies producing higher value 
downstream products. This policy is an adjunct to the previously 
issued Government policies that limited the total volume of 
fluorspar produced in the first half of 2010. This reportedly has 
resulted in a dramatic increase in the domestic market price for 
fluorspar products (China Shen Zhou Mining & Resources, Inc., 
2010). 

Kenya.—Kenya Fluorspar Company Ltd. (Nairobi), which 
mothballed its mine in March 2009 because of low prices and 
a severe drop in sales, resumed mine production after fluorspar 
demand increased in the second quarter of 2010. The company’s 
managing director stated earlier in the year that prices would 
have to exceed $270 per metric ton before the company would 
consider restarting production (Watts, 201 0). Kenya Fluorspar’s 
2010 production was 44,500 t, which was nearly three times its 
2009 output but less than one-half that of 2008. 

Maghreb Minerals plc (London, United Kingdom) agreed 
to acquire Firebird Global Master Fund's 2094 shareholding in 
Kenya Fluorspar in return for 100.3 million Maghreb shares 
(Seccombe, 2010). 

Mexico.—Mexico’s second leading fluorspar producer, 
Fluorita de Mexico S.A. de C.V. (Coahuila) announced that 
it was in the process of developing new fluorspar mining 
concessions in the area of its main mine. The new Operation 
would increase Fluorita de Mexico's annual acidspar capacity 
of 140,000 t by 30,000 to 40,000 t. The company was operating 
at about 90% of capacity during the early part of 2010. Plans 
called for the new mine to be in production by the end of 2011 
(Industrial Minerals, 20102). These plans had to be postponed 
owing to severe flooding and power outages in the northeastern 
region of the State of Coahuila resulting from hurricane Alex 
which came ashore in late June as a category 2 hurricane | 
(Industrial Minerals, 2011). 

Mexichem Fluor S.A. de C.V. [a subsidiary of Mexichem S A 
de C.V. (Tlalnepantla)] acquired the fluorochemicals business | 
of the INEOS Group (Lyndhurst, United Kingdom). The deal 
comprised the international business and assets related to 
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INEOS’ fluorochemical operations in North America, Europe, 
and Asia. Prior to the Ineos Fluor acquisition, all of Mexichem's 
primary fluorspar-related businesses were in Mexico. These 
included fluorspar mines in the State of San Luis Postosi and 
an HF plant and AIF, plant in Matamoros. The acquisition 
established Mexichem as a major, vertically integrated 
fluorochemicals company (Mexichem S.A.B. de C.V., 2010). 
Mongolia.—Lotus Resources plc (London, United Kingdom) 
having failed to raise financing to develop its fluorspar projects 
in Mongolia, sold its Mongolian mining subsidiary (Lotus 
Minerals Mongolia Ltd.) to Mongolian Minerals Pte. Ltd. Lotus 
Minerals, through joint-venture partnerships, controlled four 
fluorspar projects in Mongolia—two exploration licenses (Gat 
and Dai-Uul) and two mining licenses (Chuluut and Tsagaan 
Chuluut). All projects were small in scale and were in the 
country's central eastern region (Eurasia Capital Ltd., 2010). 
Mozambique.— Globe Metals and Mining Ltd. (Perth, 
Australia) performed preliminary drilling on its Mount 
Muambe fluorspar and rare-earths project. Mount Muambe is a 
carbonatite crater roughly 6 kilometers (km) in diameter located 
in the Tete Province of Mozambique. Globe's exploration 
permit covers the entire crater. To date, results have shown the 
crater to be mineralized with fluorspar and heavy rare earths, 
but only a small fraction of the crater has been explored. A total 
of 16 drill holes were completed for a total of 1,118 meters 
(m) targeted mostly on the high-grade fluorspar and heavy 
rare-earths zone in the southwestern part of the carbonatite 
complex. Results of the preliminary drilling program were due 
in February 2011 (Globe Metals and Mining Ltd., 2010). 
Namibia.—Okorusu Fluorspar (Pty.) Ltd.’s production of 
acid-grade fluorspar at Okorusu rose to more than 95,000 t in 
2010 compared with 73,580 t in 2009. The company, which has 
always produced acid-grade fluorspar, reported its first sales of 
metallurgical-grade fluorspar (metspar, 85% CaF.) to Turkey. 
As planned, exploration during 2010 focused on the E ore 
body, which is within the mine’s mining license area. Mapping 
trenching and sample collecting, and gridding and line cutting | 
were conducted on а 1.5-square-kilometer area. A total of 5,400 
m of diamond drilling was completed, with additional drilling 
planned for 2011. In 2011, the company planned to commission 
a dense media separation plant (also referred to as heavy-media 
plant) that would allow the company to upgrade low-grade ores 
Okorusu's plans also called for the construction of a new drying 
plant to improve the metspar business and to begin underground 
М“ of the A ore body (Chamber of Mines of Namibia, 
Norway.—Tertiary Minerals plc (Macclesfield, United 
Kingdom) acquired fluorspar exploration rights at the former 
Lassedalen Mine in Norway. The underground mine operated 
on a small scale during World War II, supplying fluorspar for 
use in aluminum production. Norsk Hydro A/S dewatered the 
mine in the late 1970s and carried out a surface and subsurface 
drilling program. The results of the program were not compliant 
with any current reserve or resource code. Potentially economic 
fluorspar mineralization occurs in steeply dipping veins that 
can be followed more or less continuously on the surface for 
at least | km. The largest veins have a width of 10 to 13 m and 
extend 200 to 250 m along strike. The company indicated that 
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development of such а high-grade vein deposit would allow 
production of both metallurgical and acid-grade fluorspar. 
Future plans included an exploration and metallurgical testing 
program. Tertiary Minerals' exploration rights extend through 
the end of 2016 (Tertiary Minerals plc, 2010b). 

South Africa.—Maghreb Minerals announced plans to takea 
controlling interest in South African fluorspar company Sallies 
Ltd. (Pretoria) in an all-shares deal. Maghreb was expected to 
purchase the 66.9% stake in Sallies held by Firebird Global 
Master Funds, giving it a total holding of 78.3%, in return for 
335.6 million Maghreb shares. The ownership share would 
trigger a mandatory offer to minority shareholders. Maghreb 
raised $10 million in financing in a rights issue and planned 
to use the funds to restart fluorspar production from Sallies' 
Witkop Mine. After performing new geologic modeling and 
revising mining plans, Maghreb intended to produce 125,000 
t/yr of acidspar from Witkop for the export market and a small 
amount of metspar for domestic markets. It was estimated that 
it would take 3 months to bring Witkop into production once 
the decision was made to restart operations (Seccombe, 2010). 
за ез' Witkop fluorspar was idle most of 2010, but it did sell 
some stockpiled material into the domestic market for the year 
ended June 30, 2010, and restarted production іп the fall а 
small order for delivery in October (Prinsloo, 2010). 

Sweden.—Tertiary Minerals announced the completion of an 
independent scoping study on its Storuman fluorspar project in 
Sweden. A fluorspar mine producing 100,000 t/yr of acid-grade 
fluorspar, with a mine life of 18 years, was judged feasible. The 
deposit is low grade, and the study was based on a mine model 
with a deposit of 18 Mt grading 12.3% CaF, that was minable 
by open pit methods. The current study was based on drilling 
results from a prior exploration project (1970s) and the 10 holes 
drilled by Tertiary Minerals in 2008. The company planned | 
additional drilling to define further the ore body and to establish 
a JORC (Joint Ore Reserves Committee—an Australasian code 
for reporting exploration results) classified mineral resource 
(Tertiary Minerals plc, 20102). 

Thailand.—Thailand was a major fluorspar producer and 
exporter through the 1980s, but production began to decrease 
during the 1990s owing to Chinese competition. From the late 
1990s to 2007, Thailand's fluorspar production was less than 
5,000 “уг. In 2008, production increased to 29,529 t and, 10 
2009, it increased to 120,340 t. Almost all of this increased 
production came from the provinces of Lamphun and Mae 
Hong Son in Thailand's Northern Region. In 2009, reported 
production from Lamphun Province was 81,670 t and from | 
Mae Hong Son Province 37,750 t. A small amount of additiona 
production came from Kanchanaburi Province in the country 5 
Central Region (Thailand Department of Primary Industries 
and Mines, undated a). As а result of this increased production, 
employment in Thailand's fluorspar mining industry has 
increased to 186 in 2009 from 69 in 2006 (Thailand Departm 
of Primary Industries and Mines, undated b). 

Thailand has experienced problems with illegal fluorspar | | 
mining, and, in early 2010, the Thailand Department of Specia 
Investigation and border patrol police raided three large-scale 
illegal mines and confiscated 102,800 t of fluorspar in the n 
district of Mae Hong Son Province (Laohong and Sattha, 2010), 
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United Kingdom.—A fter failing to find a buyer or investors, 
the United Kingdom’s sole fluorspar producer, Glebe Mines Ltd. 
(Derbyshire), reportedly was shutting down at yearend 2010. 
Glebe Mines was not included in the sale (finalized in March 
2010) of its parent, INEOS Fluor, to Mexico’s Mexichem Fluor 


_ (Industrial Minerals, 20106). Glebe Mine’s primary customer 
‚ was INEOS Fluor’s HF plant at Runcorn in Cheshire, which was 


part of the sale to Mexichem. Glebe Mines’ supply contracts 

with the Runcorn plant apparently expired at the end of 2010. 
Glebe Mines remained a part of the INEOS Group, but after the 
sale of the fluorochemicals business, it was considered a poor fit 
with the INEOS Group’s remaining businesses. 


Outlook 


The outlook for fluorspar is complicated by world economic 
concerns over the health of economies in Europe and the 
United States debt, environmental pressures opposing the use 
ofsome fluorochemical products, safety concerns for the use 
of HF, availability of future fluorspar supplies, and a shift in 
fluorspar-consuming industries to Asia. 

After the worldwide recession, fluorspar markets showed 
signs of recovery in 2010, especially for metspar, which was 
driven by the rebound in world steel production (up 1796 
compared with that of 2009). Demand for acidspar outside of 
China was slower to recover but began to rise in 2010 and was 
expected to display continued growth in 2011. 

Long-term demand for fluorspar may depend to a large 
degree on the development and acceptance of fluorine-based 
replacements for existing fluorocarbon compounds that 
are likely to be phased out owing to high global warming 
potentials (GWP). A couple of strong replacement candidates 
are hydrofluoroolefins HFO-1234yf and HFO-1234ze for use 
n automotive air-conditioning systems and foam blowing, 
respectively. These two compounds each have low GWP and 
rapidly break down in the atmosphere. 
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Major markets for fluorspar in developed countries have 
been stagnant or have decreased as first HF and more recently 
fluorocarbon production has moved to China, and aluminum 
smelting capacity has moved to countries or regions with access 
to less expensive energy. This shift is evident in the growing HF 
and fluorocarbon production capacity in China and the reduced 
capacities in traditional production areas in Europe, Japan, and 
North America. China is already the world’s leading fluorspar 
consumer and its share of global consumption will likely 
continue to increase in the future. 
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TABLE 1 


SALIENT FLUORSPAR STATISTICS! ? 


RCRUM 
2009 2010 

United States: 2006 2007 2008 

DULCI зы з = 


Exports:? 
Quantity OO Ң<5Б---- 
Quantity metric tons 


13,000 13,600 18,800 14,100 17,900 


в 1500 13,600 18,800. 14,100  — 1790 
| уаще. thousands $2,430 $2,650 $3,340 $2,230 $2,740 
mports: 
— Quantity |... 
Quantity metric tons 553,000 620,000 572,000 475,000 539,000 
Value $103,000 
. $11000 $133,000 4 $105,000 мо 


| thousands $112,000 $111,000 
. Consumption ~ 912400 


$133,000 $105,000 


cud eee rom 
а metric tons 523,000 539,000 506,000 400,000 448,000 
D: do. i 502,000 
Stocks, December 31: 608,000 613,000 529,000 473,000 
жест тіл ат LU 


Consumer and distributor 


do. 7 121,000 

Government stockpile Е Saon %. 1 ы, 115,000 103,000 ы 
World, producti : , : 25 su 

1211 do. 5,660,000 5,730,000" 6,000,000: 5,550,000" 6,010,000 


'Revised. do. Ditto. -- Zero. 
!Data are rounded to no more than three significant digits, 
^Does not include fluorosilicic acid production or i 
"Source: U.S. Census Bureau; data may be adjust 
*Free alongside ship values at U.S. ports. 


? Average unit value for the 
to be underreported. 


ear, incl i i 
year, includes cost, Insurance, and freight values at U.S. ports. Value data for fluorspar imports appear 
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TABLE 2 
U.S. REPORTED CONSUMPTION OF FLUORSPAR, BY END USE! 
(Metric tons) 
Containing more than Containing not more than 
97% calcium fluoride 97% calcium fluoride | Total 
222 Enduweorprodut — — 2009 — 2010 2009 2010 2009 
Hydrofluoric acid and aluminum fluoride | W W a = W 
. Metallurgical | .— 0 0 0. 9,390 10,900 17,900 27,400 27,200 
Other” 371,000 410,000 2,030 = 373,000 
Total 380,000 421,000 19,900 27,400 400,000 
Stocks, consumer, December 31 87,200 109,000 15,600 12,400 103,000 
W Withheld to avoid disclosing company proprietary data; included in “Other.” -- Zero. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
“Мау include cement, enamel, glass and fiberglass, steel castings, welding rod coatings, and hydrofluoric acid. 
TABLE 3 
PRICES OF IMPORTED FLUORSPAR 
(Dollars per metric ton) 
Source and grade 2009 2010 
Acidspar: 
Chinese, dry basis, cost, insurance, and freight (c.i.f.) Gulf port, filtercake 350-380 360—380 
Mexican, free on board (f.o.b.) Tampico, filtercake 260-290 260-290 
Mexican, f.o.b. Tampico, arsenic <5 parts per million 300-360 280-320 
South African, f.o.b. Durban, filtercake . 250-300 290-310 
Metspar, Mexican, f.o.b. Tampico 140-195 170-200 
Sources: Industrial Minerals, no. 507, December 2009, p. 68; no. 519, December 2010, p. 70. 
TABLE 4 
U.S. EXPORTS OF FLUORSPAR, BY COUNTRY’ 
2000 — 2010 
Quantity Quantity 
Country (metric tons) Value? (metric tons) Value? _ 
Australia 2 6 $3,840 135 $19,800 
Canada 7,900 1,260,000 11,800 1,820,000 
France = E: 16 4,550 
Israel _ -- -- 29 9,590 
Malaysia 6 3,660 28 17,500 
RENE, 2,320 394,000 107 27,100 
P — -- -- 32 3,540 
Sawan: а.г 3,890 564,000 5,720 _ 829,000 
— Total 14,100 2,230,000 17,900 2,740,000 
~ Zero. 
| 
1. аге rounded to по more than three significant digits; may not add to totals 
2 f 
Free alongside ship values at U.S. ports. 
Source: U.S. Census Bureau. 


2010 

W 
38,300 
410,000 
448,000 
121,000 
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TABLE 5 
U.S. IMPORTS FOR CONSUMPTION OF.F LUORSPAR, BY COUNTRY AND CUSTOMS DISTRICT! 


7 2009 2010 
Quantity Value’ Quantity Value” 


_Country and customs district (metric tons) (thousands) (metric tons) (thousands) 
Containing more than 97% calcium fluoride (CaF,): 


China: 
Great Falls, MT 
Houston, TX 
Los Angeles, CA 
New Orleans, LA | 


__ Seattle, WA SS 
‘Total 


__беппапу, Savannah, А _____ 
а ыз а ы ee 


Mexico: 
Baltimore, MD 
Laredo, TX 
New Orleans, LA 
|. — Total — ——79———————— 
Mongolia: 
Houston, TX А 
New Orleans, LA 
Total 
South Africa: 
EID" 


Houston, TX 
New Orleans, LA 


Total 
United Kingdom: 
BEI c 


Houston, TX 


Los Angeles, CA 
Total 
Grand total 
Containing not more than 97% Са: 
China, Cleveland, OH 
Mexico: 
Cleveland, OH 
Laredo, TX 


New Orleans, LA 


Total 
Namibia, Houston, TX 


Grand total 


Grand total, all grades 
-- Zero. 


!Data are rounded to no more than thre 
"Cost, insurance, and freight values at U.S. ports. 


Source: U.S. Census Bureau; data may be 


319 $38 Ра - 

45,100 15,000 89,800 $26,300 

103 13 420 49 

21,600 9.210 8,500 2,170 

234 31 E Š 

67,300 24,300 98,700 28,500 

= = 252 32 
_——— _________-___252 32 
536 241 1,550 690 

42,100 12,900 47,200 12,700 
217,000 33,100 239,000 36,600 
260,000 46,200 287,000 49,900 
8000 287,00 49,900 
28,600 8,590 17,900 5,120 

-. = 4,200 1,180 

28,600 8,590 22,100 6,300 
50 22.100 ^ 6300 
38,800 11,800 33,300 8,300 
22,000 7,300 = -- 
60,800 19,100 33,300 8,300 

130 17 226 40 

446 52 334 40 

576 70 560 79 

Ра Є 1 3 
—————M—l o 3 
| 5 ге E 

4,430 448 6,240 880 

_ 52,900 5,810 90,200 8,810 
57300 7 6,260 7 96,00 9,690 

203 24 BS ш: 

57,500 6,290 96,500 9,690 
475,000 105,000 539,000 103,000 


€ significant digits; may not add to totals shown. 


adjusted by the U.S. Geological Survey. 
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TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF HYDROFLUORIC ACID, BY COUNTRY! 


2009 2010 
Quantity Value? Quantity Value" 
Country (metric tons) (thousands) | (metric tons) (thousands) 
Belgium -- -- (3) $4 
Canada * 11,000 $39,500 12,000 41,900 
China 4,110 4,270 6,520 7,820 
Germany 404 1,250 356 1,060 
Hong Kong 33 39 55 63 
India 120 164 60 78 
Japan 559 1,180 892 2,110 
Lithuania (3) 9 -- - 
Mexico 97,600 114,000 115,000 145,000 
Singapore 64 211 81 264 
South Africa 13 22 5 20 
Spain (3) 3 47 80 
Switzerland (3) 2 (3) 3 
Taiwan 49 134 209 516 
United Kingdom (3) 3 КЕ EN 
Total 114,000 161,000 135,000 199,000 
— Zero. 


! Data are rounded to no more than three significant digits; may not add to totals shown. 
*Cost, insurance, and freight values at U.S. ports. 
31 е55 than М unit. 


Source: U.S. Census Bureau. 


TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF CRYOLITE, BY COUNTRY! 


2009 2010 
Quantity Value? Quantity Value 

Country (metric tons) (thousands) (metric tons) (thousands) 

Australia = — 2 $13 
Canada 5 $14 2 5 
China 498 357 1,200 886 
Denmark 151 288 -- -- 
Germany 878 1,330 1,580 2,080 
Hungary 250 346 225 261 
Italy es 55 19 25 
Japan 860 1,070 1,810 2,350 
Mexico 81 30 - -- 
United Kingdom 103 195 484 895 
Total 2,830 3,630 5,320 6,510 


-- Zero. 


1 
Data are rounded to no more than three significant digits; may not add to totals shown. 
Cost, insurance, and freight values at U.S. ports. 


Source: U.S. Census Bureau. 
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TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF ALUMINUM FLUORIDE, BY COUNTRY! 


2009 2010 
Quantity Value? Quantity Value? 

Country (metric tons) (thousands) (metric tons) (thousands) 

Canada 6,950 $11,000 12,300 $17,800 

China 10,200 14,500 11,400 14,800 

Mexico 1,460 1,280 14,100 16,500 

Other? 45 99 ' 74 156 

Total 18,700 26,800 38,000 49,200 
"Revised. 


"Data are rounded to no more than three significant digits; may not add to totals shown. 
"Cost, insurance, and freight values at U.S. ports. 


"Includes Brazil, Germany, Japan, Sweden, Switzerland, and the United Kingdom. 


Source: U.S. Census Bureau. 


TABLE 9 
FLUORSPAR: WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 

Country and grade * 2006 2007 2008 2009 2010. 
м NE 
Brazil, marketable: DEI UU Ne RÀ 
BN CU UMP II ERR e 

Acid grade 41,373 44,869 45,032 ' 28,803 ' о 
Metallurgical grade 22231 20,657 ' 18,209 ' 15,161 ' 999 
о ee eg 
Total 63,604 65,526 63241 43,964 L 64100 _ 
E Pee TN ERRORS 
Acid grade 1,800,000 1,850,000 1,900,000 1,600,000 Toe 
Metallurgical grade 1,300,000 1,350,000 1,350,000 1,300,000 EROS 
Lr NN 3,100,000 3.200,000 3,250,000 2,900,000 3,300,000 
Egypt 550 * 11,588 ' 9,115 ' 4,343 ' 5,000 
Francet о 10 UTEM ри 
Acid and ceramic grades 35.000 N i 2. = 
Metallurgical grade 5 000 ET 29 - 
Total 40.000 = E n 
PISANI нанын ылышы шы „ы ы = , -- = i 
SICHTBAR, acid grade 53,009 54.359 48.519 49,962 50,000 
Indiat? 2 2.4452 4,62 _____ МАЛО _ 
Acid grade 1,800 
- 500 1,0 l, 1,600 , 
Metallurgical grade 5.800 5 Mis 5 B 5.600 5,800 
аё 0 —————————— 65,000 68,192 65,000 * 65,000 * 65,000 
8,000 ~ = 
ао сы... , == == 
Ker an de 30,000 64,000 ? 66,300 67,000 67,000 
poe SEMPER 83,428 82,000 98,248 15,667 pos 
4,0 4, 
Мейо" о 00 4,000 4,000 4,000 
Acid grade : 
466,00 r г 640,000 
Metallurgical grade i 513,000 * 591,955 оо 


470,000 


е 
420,000 * 465,694 ' 405,264 ' 430,000 
Total 936,000 933,000 * 649* 77105000077 1,070,000 ° 
See footnotes at end of table. ,000 1,057,649 „950, 
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TABLE 9— Continued 
FLUORSPAR: WORLD PRODUCTION, BY COUNTRY"? 


"Includes submetallurgical-grade fluorspar used primarily in cement that may account for 3396 to 50% of the quantity. 
Міле closed іп 2006. 

"Year beginning April 1 of that stated. 

*Year beginning March 21 of that stated. 

Organization. 

"Reported figure. 

"Data are reported by Servicio Geológico Mexicano, quantities by grade may be estimated. 

"Data are reported by Mineral Resource Authority of Mongolia. 

Flotation concentrate, including less than 97% CaF, material. 

Враца were in wet tons, but have been converted to dry tons to agree with other data in table. 

"Data for 2006—09 based on data from the South African Minerals Bureau; data show estimated proportions of acid-grade and metallurgical- 
grade fluorspar within the reported totals. 

0565 inferred estimate based on 2006 to 2009 series. 

"Data for 2006—09 are reproted by British Geological Survey. 
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GALLIUM 
By Brian W. Jaskula 


Domestic survey data and tables were prepared by Maria Arguelles, statistical assistant. 


In 2010, no domestic production of primary gallium was 
reported, and imports of gallium metal and gallium arsenide 
(GaAs) wafer continued to account for most of the U.S. gallium 
consumption. Metal imports were 65% higher than those in 
2009, with the United Kingdom, Germany, China, and Canada, 
in descending order of imports by gallium content, as the 
leading sources of imported gallium. Undoped GaAs wafer 
imports were 123% higher than those in 2009— Canada and 
the United Kingdom were the principal sources. Doped GaAs 
wafer imports were 42% higher than those in 2009—Germany 
and Japan were the principal sources. Almost all gallium 
consumed in the United States was in the form of GaAs and 
gallium nitride (GaN) and was used in integrated circuits (ICs) 
and optoelectronic devices [laser diodes, light-emitting diodes 
(LEDs), photodetectors, and solar cells]. Gallium consumption 
increased by 35% from that in 2009. In 2010, gallium consumed 
in ће United States was less than the gallium imported 
because a large portion of the U.S. imports was estimated to be 
low-purity material that was refined in the United States and 
shipped to other countries. 

In 2010, estimated world crude gallium production was 182 
metric tons (t). Principal producers were China, Germany, 
Kazakhstan, the Republic of Korea, Russia, and Ukraine. 

Plants in Hungary and Japan also recovered gallium. Refined 
gallium production was estimated to be about 268 t, which may 
inadvertently include some refined new scrap. Refined gallium 


was produced in China, J apan, the United Kingdom, and the 
United States. 


Legislation and Government Programs 


In an effort to help the United States develop larger, more 
cost effective GaN substrates used in high-performance 
electronic device applications, the U.S. Department of Defense 
dies Kyma Technologies Inc. (Raleigh, NC) $2.8 million. 
is Si to the defense GaN device applications, the funding 
i pected to help the United States compete with China, 
pan, and the Republic of Korea in commercial GaN device 
applications (Wang, 2010). 
.. TriQuint Semiconductor, Inc. (Hillsboro, OR) 
5. | 517.4 million Defense Production Act Title Ш 
52 : ring development contract by the U.S. Air Force 
2. oratory. The overall goal of the contract was to 
yteld, lower costs, and improve time-to-market cycles 


for def 
иө commercial applications of GaN integrated 
к Quin Semiconductor, Inc., 20] 0). 

ilios E en of Energy (DOE) awarded $13.4 

developmen r GaN research projects focused on accelerating 

| Ee electronics. The award recipients 

Вы LLC, Massachusetts Institute 
ransphorm Inc., and Virginia Technology 


C ` 
Ompound Semiconductor. 2010a) 


iem 


Production 


No domestic production of primary gallium was reported 
in 2010 (table 1). Recapture Metals Ltd. [a subsidiary of 
Neo Material Technologies, Inc. (Toronto, Ontario, Canada)] 
recovered gallium from scrap materials, predominantly those 
generated during the production of GaAs. Recapture Metals’ 
facilities have the capability to produce about 50 metric tons per 
year of high-purity gallium. The company recovered gallium 
from its customers’ scrap on a fee basis and purchased scrap and 
low-purity gallium for processing into hi gh-purity material. 


Consumption 


Gallium consumption data were collected by the U.S. 
Geological Survey from a voluntary survey of U.S. operations. 
In 2010, there were 12 respondents to the gallium consumption 
survey, representing 71% of the total canvassed. Data in tables 
2 and 3 were adjusted by incorporating estimates to reflect 
full industry coverage. Many of these estimates were based on 
company 2010 10-К reports submitted to the U.S. Securities 
and Exchange Commission. 

More than 97% of the gallium consumed in the United 
States was in the form of GaAs or GaN. GaAs was used to 
manufacture optoelectronic devices (laser diodes, LEDs, 
photodetectors, and solar cells) and ICs. ICs accounted for 69% 
of domestic consumption, optoelectronic devices accounted for 
30%, and 196 was used in research and development and other 
applications (table 2). GaN principally was used to manufacture 
LEDs and laser diodes. 

In 2010, U.S. consumption of gallium for use in ICs increased 
by 26% from that of 2009 owing to the strong growth of 
GaAs-rich "smartphones" (cellular telephones with advanced 
personal computer-like functionality) and other wireless 
communication devices, along with continued growth in the 
aerospace and defense markets. Gallium use in LEDs and 
laser diodes increased by 75% from that of 2009 owing to the 
exceptional growth in demand from the LED industry, which 
began in the second half of 2009 and continued throughout 
2010. Gallium suppliers to the photodetector and solar cell 
industry, however, were negatively affected in 2010 by a 
combination of the worldwide economic downturn, copper- 
indium-gallium selenide (CIGS) manufacturing Issues, and 
the rapidly decreasing prices of silicon-based solar cells. U.S. 
gallium consumption in photodetectors and solar cells decreased 
by 2896 compared with that of 2009. 

Gallium Arsenide.—The value of worldwide GaAs 
device consumption increased to $4.9 billion in 201 0, a 3296 
increase from $3.7 billion in 2009. The rapid adoption of 
sophisticated third-generation (3G) and fourth-generation (4G) 
smartphones accelerated demand for GaAs power amplifiers. 


27.1 


Fourth-generation smartphones use up to six times the amount 
of GaAs that a standard cellular telephone does. In 201 0, 
smartphone market sales increased by 66% compared with 

a 1676 increase in 2009. GaAs was also consumed in LED 
applications, supplying approximately 35% of the LED market, 
with GaN still being the primary LED technology (Compound 
Semiconductor, 2010b; Semiconductor Today, 20114, f). 

To meet growing GaAs power amplifier demand, WIN 
Semiconductors Corp. (Taiwan, China) announced plans to 
increase its 6-inch GaAs wafer production capacity to 20,000 
wafers per month by yearend 2011, an increase of approximately 
40% from that of 2010 (Semiconductor Today, 2010c). 

Gallium Nitride.—Increased demand for GaN device 
applications, namely laser diodes, power electronics, and 
radio-frequency (RF) electronics, provided significant growth 
opportunities for advanced GaN-based products. GaN power 
management applications, in particular, have shown much 
promise. GaN power transistors operate at higher voltages 
and with a higher power density than current GaAs devices. 
GaN power transistors and amplifiers have enabled microwave 
designers to reduce heat sink requirements and part counts, 
leading to smaller systems with higher performance and 
greater efficiency. The key drivers of this emerging GaN-based 
technology have been military and defense applications, but 
the technology also was being driven by automotive, industrial, 
medical, and other consumer applications. 

The value of worldwide GaN LED consumption increased to 
$8.4 billion in 2010, a 7594 increase from $4.8 billion in 2009. 
LED-backlit televisions were the leading end use for GaN LEDs 
(Manners, 2011). 

In November, Sumitomo Electric Industries Ltd. (Tokyo, 
Japan) announced that it had developed the world's first 6-inch 
diameter GaN substrates to be used for white LEDs. Sumitomo 
planned to bring the 6-inch Substrate into large-scale production 
and expected the material to be used in white LEDs and power 
devices (Semiconductor Today, 2010b). 

Light-Emitting Diodes.—The worldwide high-brightness 
(HB) LED market increased to $10.8 billion in 2010, a 93% 
Increase from $5.6 billion in 2009. HB-LEDs experienced 
record growth as a result of the rapid shift to LEDs in mobile 
display applications and liquid crystal display (LCD) monitors 
and televisions using LED-based backlighting. LED-based 


backlighting allows for lighter and thinner screens, higher 
color saturation, and lower po 


traditional cold-cathode fluor 


increased by approximately a factor of 10 compared with 
that in 2009, to reach 3394 of the overall HB-LED market in 
2010. Mobile display applications (such as cellular telephones, 
computer notebooks and tablets, eBooks, MP3 players) were 
the largest HB-LED market segment in 2010, with a 39% 
share—doubling in size from the 2009 share. Other HB-LED 
market segments in 2010 included automotive, general lighting, 
and signage, with respective market shares of 8%, 8%, and 6% 
(Whitaker, 201 la). 

Japan and the Republic of Korea supplied 33% and 28%, 
respectively, of the 2010 worldwide HB-LED market. 
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Additionally, the United States and Europe supplied 23% of the 
market, Taiwan supplied 14%, and China supplied 2%, China’s 
HB-LED market share was expected to increase greatly by 2015 
owing to the large investments it was making in its domestic 
solid state lighting industry (Whitaker, 201 1a). 

LED firms continued expanding their manufacturing 
capacities in 2010 in response to the growing popularity of LED 
backlighting and mobile display applications. Semiconductor 
Equipment and Materials International (SEMI) of San Jose, 
CA, indicated that 19 new LED fabrication plants came online 
worldwide in 2010. Investment in LED fabrication plants 
increased to $1.78 billion in 2010, a 194% increase from $606 
million in 2009. SEMI announced that the regions with the 
largest investments in LED fabrication plants were Taiwan 
($593 million), followed by the Republic of Korea ($482 
million), and China ($467 million) (Tseng, 2011). 

Boosted by the rapidly growing HB-LED market, more 
than 780 metal-organic chemical vapor deposition (MOCVD) 
reactors were shipped during 2010. The MOCVD reactors were 
used to make GaN LEDs. Aixtron AG (Herzogenrath, Germany) 
and Veeco Instruments Inc. (Plainview, NY) were the leading 
MOCVD manufacturers (Compound Semiconductor, 20115) 

As HB-LED demand increased throughout 2010, material 
suppliers began adding more capacity for trimethylgallium 
(ТМС), a metal-organic chemical used in the fabrication 
of epiwafers. When TMG and nitrogen gas are fed into 
the MOCVD reactor and heated, a GaN layer is formed 
on the epiwafer. TMG’s purity and quality determine an 
LED’s brightness and reliability (Seok-hyeon, 2010). In the 
United States, AkzoNobel N.V. (Amersfoort, Netherlands) 
increased TMG production capacity at its plant in Texas, 
and Dow Electronic Materials (Philadelphia, PA) announced 
it would expand TMG production capacity at its plant in 
Massachusetts. Albermarle Corp. (Baton Rouge, LA), Chemtura 
Organometallics GmbH/UP Chemical Co., Ltd. (Bergkamen, 
Germany and Republic of Korea), and Dow Electronic 8 
announced they would build ТМС production facilities In : 
Republic of Korea. Lake LED Materials (Раејоп, Republic o 
Korea) and ATMI Inc. (Danbury, CT) completed ol 
of a TMG plant in South Chungcheong Province. SAFC Hi e 
(St. Louis, MO) announced it would expand TMG production 
capacity at its plant in Bromborough, United Kingdom 
Whitaker, 201 1b). 
| Solar Cosa high energy prices continued to e 
interest in solar energy. In 2010, the solar cell market uenit 
to be dominated by crystalline silicon solar cells, which jn 
for approximately 90% of the market. However, а lightwelg 
flexible, durable, and low-cost thin-film photovoltaic T 
technology—CIGS—has entered the printed solar cell mar m 
CIGS modules can be directly integrated into building mate 
consumer electronics for portable power, space iru ral 
or configured as stand-alone modules for large-scale terres | 
deployment. Industry experts thought CIGS would ИА 
be able to compete with conventional silicon-based Tow 
technology. CIGS technology, however, has been slow to 
enter the commercial market owing to a decline in prices 
of silicon-based solar cells, the continued global S i 
downturn affecting the photovoltaic industry, and a comp! 
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manufacturing process that has impeded commercial mass 
production of CIGS panels. 

Several records for CIGS efficiency were achieved in 
2010. In August, scientists at the Center for Solar Energy and 
Hydrogen Research, ZSW in Stuttgart, Germany, achieved a 
record 20.3% efficiency for their CIGS solar cell in a laboratory 
setting. The Fraunhofer Institute for Solar Energy Systems in 
Freiburg, Germany, confirmed the new results (Compound 


. Semiconductor, 2010c). In December, MiaSolé (Santa Clara, 


CA) achieved a record 15.796 efficiency for its commercial-scale 
CIGS solar cell. The results were confirmed by the DOE's 


$ National Renewable Energy Laboratory (Cartledge, 2010). 


SoloPower Inc. (San Jose, CA) announced it would build a 


г high-volume CIGS manufacturing facility in Wilsonville, OR, 


with a production capacity of 300 megawatts (MW). In August, 
AQT Solar (Sunnyvale, CA) opened a CIGS manufacturing 
facility in Sunnyvale, CA, with an initial production capacity 
of 15 MW. The company also announced it would build a 
CIGS manufacturing facility in Blythewood, SC, with an initial 
production capacity of 40 MW. AQT expected the production 
capacity of the Blythewood facility to increase to 1 gigawatt by 
the end of 2014 (Semiconductor Today, 201 la, с). 

Researchers at the University of Illinois developed an 
efficient, lower cost method of manufacturing photovoltaic 
GaAs compound semiconductors that also allows versatility 
in the types of devices into which they could be incorporated. 
The manufacturing method allows creation of bulk quantities 
of flexible GaAs-based solar cells that can be incorporated 


onto surface areas much larger than conventional solar panels 
(Brumfiel, 2010). 


Prices 


_ Since 2002, producer prices for gallium have not been quoted 
in trade journals. Data in table 4 represent the average customs 
value of gallium imported into the United States. Reports in 
Metal-Pages indicated that low-grade gallium prices increased 
significantly in 2010. At the beginning of the year, the low-grade 
gallium price was reported to be about $395 per kilogram. By 
August, the price had increased to about $595 per kilogram. By 
December, the price had increased to about $635 per kilogram. 
t Census Bureau import data, the annual average 
be $307 os (99.99%-pure) gallium was estimated to 
уйш кз ogram, about the same as the estimated average 
мау | Рог high-grade (>99.99%-риге) gallium, the 
"nee Бе estimated value increased to $600 per kilogram, 
: о higher than that in 2009. Import data reported by the 
ШЫН d pis do not specify purity, so the values listed 
material ; estimated based on the average value of the 
ported and the country of origin. 


Foreign Trade 


In 2010 ium i 
W tee gallium Imports were 65% higher than those in 
China (1%) aes Kingdom (35%), Germany (24%), 
попе Sd anada (7%) were the leading sources of 
п additi : 
the United Stan. gallium metal, GaAs wafers were imported into 
s (table 6). In 2010, 63,200 kilograms (kg) of 
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undoped GaAs wafers and 166,000 kg of doped GaAs wafers 
were imported. Imports of undoped GaAs wafers were 12396 
higher than those in 2009, while imports of doped GaAs wafers 
were 42% higher than those in 2009. The large volumes of 
undoped GaAs wafers were primarily imported from Canada 
and the United Kingdom. The large increase was most likely 
owing to intercompany transfers between foreign and U.S. 
subsidiaries of the same company. The data listed in table 6 may 
include some packaging material and, as a result, quantities may 
be higher than the actual total weight of imported wafers. 


World Review 


Imports of gallium into Japan and the United States, 
the two leading consuming countries, were used as the 
basis for estimating world gallium production. In addition, 
Roskill Information Services Ltd. provided updated Chinese 
gallium production estimates, expanding China's production 
considerably owing to the contributions from newer Chinese 
gallium operations. Estimated worldwide crude gallium 
production was 182 t in 2010. Principal world producers were 
China, Germany, Kazakhstan, the Republic of Korea, Russia, 
and Ukraine. Gallium also was recovered in Hungary and Japan. 
Refined gallium production was estimated to be about 235 t, 
which may inadvertently include some new scrap refining. To 
avoid double counting previously produced gallium, the refined 
gallium production figure attempts to eliminate recycled new 
scrap. China, Japan, the United Kingdom, and the United States 
refined gallium. 

Neo Material Technologies and Roskill Information Services 
estimated worldwide gallium consumption at 280 t in 2010. 
Neo Material also estimated that 5094 of gallium consumed 
worldwide in 2010 came from recycled sources (Roskill 
Information Services Ltd., 2011, p. 47; Seeley, 2011). Gallium 
was recycled from new scrap in Canada, Germany, Japan, the 
United Kingdom, and the United States. 

China.—In 2010, China's LED industry increased by 34% 
in value from that of 2009 owing to the rapid growth of the 
HB-LED backlighting, mobile display applications, and general 
lighting markets. China installed nearly 300 MOCVD reactors 
in 2010, which resulted in a 78% increase in value of its LED 
epitaxy sector from that of 2009; the country was expected 
to account for a significant share of the MOCVD market in 
upcoming years. Significant incentives were established by 
the Chinese Government to build a dominant LED industry. 
The Chinese Government also implemented a widespread 
street-lighting program that was expected to create strong 
domestic demand for LED-based lighting (Semiconductor 
Today, 2011b; Young, 2011). 

China’s primary gallium producers were Aluminum 
Corporation of China, Ltd.; Beijing JiYa Semiconductor 
Material Co., Ltd.; China Crystal Technologies, Ltd.; East Hope 
Mianchi Gallium Industry, Co.; and Zhuhai Fangyuan. China’s 
total primary gallium production capacity in 2010 was estimated 
to be 141 t. Capacity was expected to increase in 2011 (Roskill 
Information Services, Ltd., 2011, p. 13-15, 21-26). 

Japan.—The Japan Oil, Gas, and Metals National Corp. 
(JOGMEC) estimated that Japan consumed 116 t of gallium in 
2010, with the LED market accounting for 4394 of consumption 


21.3 


(Kita Yoshiyuki, director Rare Metals Stockpile Department, 
Japan Oil, Gas, and Metals National Corp., written commun., 
February 23, 2011). 


Outlook 


According to IQE plc, smartphones represented a fundamental 
structural shift in mobile communications. Increased use 
of smartphones, which on the average contain 480% more 
GaAs-rich RF content than standard cellular telephones, was 
expected to account for 2896 of all handset sales in 201 l, 
increasing to 5096 by 2016. Installation of 3G and 4G mobile 
networks in India and the Republic of Korea was expected to 
increase sales of smartphones further. Additional increases in 
GaAs demand will also result from new applications for wireless 
fidelity (WiFi), such as point-to-point communications, smart 
meters, and tablet personal computer technologies. Strategy 
Analytics predicted that GaAs industry sales would increase at a 
compound annual growth rate of 5%, increasing to $4.7 billion 
by 2014 (IQE plc, 2010; Semiconductor Today, 2011g). 

Research and consulting firm iSuppli Corp. predicted the GaN 
power management market would reach $184 million in revenue 
by 2013. The firm indicated that two events—silicon attaining 
its practical limits in power management semiconductors and 
technologic breakthroughs in growing GaN layers on silicon — 
favored GaN power management devices taking market share 
away from conventional metal oxide semiconductor field-effect 
transistors, driver ICs, and voltage regulator ICs. The GaN 
power management devices' improved efficiency and smaller 
size would be in high demand for portable electronic products 
as well as for power-hungry enterprise Servers and wired 
communications infrastructure equipment (Shaw, 2010). GaN 
power management devices accounted for 3.5% of the global 
semiconductor market in 2010 (Compound Semiconductor, 
2011a). 

Strategy Analytics indicated that the U.S. defense industry 
would continue to be the major customer influencing the RF 
and power management GaN microelectronics market. The firm 
expected military applications to represent nearly one-half of the 
market by 2014 (Semiconductor Today, 20102). 

According to market research firm TrendForce, the HB-LED 
market was forecast to increase by 8% in 2011 owing to weak 
demand in the LED backlighting market and lowered LED 
selling prices, which would result in ап oversupply in the LED 
market. A main factor for the weak demand was the advance 
in LED technology that allowed reduction in the number of 
LED units required for television backlighting. Significant 
LED capacity expansions in 201] were expected to put further 
pressure on prices (Semiconductor Today, 201 le). 

IMS Research forecast that 833 MOCVD reactors Would be 
shipped worldwide in 2011, a 494 increase from that of 2010. 
Approximately 570 MOCVD reactors were expected to be 
shipped in 2012 (Compound Semiconductor, 201 | C). 
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Young, Ross, 2011, 2010—A tremendous year for MOCVD suppliers, but will it 
continue in 2011: Cheltenham, United Kingdom, Semiconductor Today, v. 6, 


no. 3, April/May, 3 p. 
GENERAL SOURCES OF INFORMATION 


U.S. Geological Survey Publications 


Gallium. Ch. in Mineral Commodity Summaries, annual. 


Gallium, Germanium, and Indium. Ch. in United States Mineral 


Resources, Professional Paper 820, 1973. 


Historical Statistics for Mineral and Material Commodities in 


the United States. Data Series 140. 


Other 


Gallium. Ch. in Mineral Facts and Problems, U.S. Bureau of 


Mines Bulletin 675, 1985. 


Gallium and Gallium Arsenide—Supply, Technology, and Uses. 


U.S. Bureau of Mines Information Circular 9208, 1988. 


Gallium: Global Industry Markets & Outlook (8th ed.). Roskill 


Information Services, Ltd., 2011. 


LEDs Magazine. Only available online at http://www. 


ledsmagazine.com. 
Mining Journal. 


Minor Metals in the CIS. Roskill Information Services Ltd., 1997. 


SALIENT U.S. GALLIUM STATISTICS! 


(Kilograms unless otherwise specified) 


2007 2008 2009 2010 


So go — —— 
CUD: 
P 


2006 

roduction ~- 

Imports for consumption 26,900 

Consumption . 20,300 

Price? dollars per kilogram 443 
-- Zero. 


37,100 41,100 35,900 59,200 
25,100 28,700 24,900 33,500 


530 579 449 600 


‘Data are rounded to no more than three significant digits. 
2 . 
Estimate based оп average value of U.S. imports of high-purity gallium. 


TABLE 2 
U.S. CONSUMPTION OF GALLIUM, BY END USE'? 


(Kilograms) 
© End use 2009 2010 
Optoelectronic devices: 
Laser diodes and light-emitting diodes 5,370 9,390 
. Photodetectors and solar cells 849 612 
Integrated circuits: 
Analog. | 17,200 21,200 
Digital | 1,280 2,100 
Research and development 135 235 
Other | 68 E 
_ Total 24,900 33,500 
-- Zero. 


In, "e" Ше 
Data are rounded to no more than three significant digits; may not add to 


totals shown. 


GALLIUM— 2010 


2 ; 
Includes gallium metal and gallium compounds. 


27.5 


27.6 


TABLE 3 


STOCKS, RECEIPTS, AND CONSUMPTION OF GALLIUM, BY GRADE!” 


(Kilograms) 


a gt 


Beginning 


Ending 


Purity stocks Receipts Consumption stocks 

2009: 
99.99% to 99.999% 2,710 528 -- 3,240 
99.9999% 929 927 1,120 740 
99.99999% to 99.999999% 173 383 438 118 
Total 3,820 1,840 1,550 4,100 

2010: 
99.99% to 99.999% 3,240 624 -- 3,870 
99.9999% 740 500 280 960 
99.99999% to 99.999999% 118 501 475 144 
Total 4,100 1,630 755 4,970 

-- Zero. 


| E 
Consumers only. 


*Data are rounded to no more than three significant digits; may not add to totals shown. 


TABLE 4 


ESTIMATED AVERAGE GALLIUM PRICES 


(Dollars per kilogram) 


Gallium metal 
Purity > 99.9999%. average value of U.S. imports 
Purity < 99.99%; average value of U.S. imports 


TABLE 5 


2009 2010 
449 600 
304 307 


U.S. IMPORTS FOR CONSUMPTION OF GALLIUM (UNWROUGHT, WASTE, AND 


SCRAP), BY COUNTRY! 


ж 
En LU ences КЕЛЕКЕ 


Country 
Canada 
China 
France 
Germany 
Japan 
Netherlands 
Norway 
Russia 
Singapore 
Slovakia 
Taiwan 
Ukraine 
United Kingdom 
Other 
ex ыл агава. 


Quantity 
(kilograms) Value? 
10,500 $3,670,000 
6,100 2,240,000 
719 325,000 
7,110 2,630,000 
915 504,000 


20 9,000 
62 26,200 
24 3,480 


3,750 990,000 
6,740 2,170,000 


-- г Lc 


Quantity 

(kilograms) Value? 
4,170 — $1,480,000 
12,200 3,960,000 
601 378,000 
14,400 3,760,000 
649 409,000 
1,400 745,000 
1,000 395,000 
530 218,000 
3 3,540 
3,810 1,360,000 
20,500 6,450,000 


Total НИНЫ 
Eu 35.900 — 12,600,000 59,200 — 19,200,000 
"Revised. Ze. 0 800.000 59200 19200000 


'Data are rounded to no more than three si 


*Customs value. 


Source: U.S. Census Bureau. 
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TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF 


GALLIUM ARSENIDE WAFERS, BY COUNTRY! 


"Revised. -- Zero. 


2009 2010 
Quantity Quantity 
Material and country | (kilograms) Value? (kilograms) Value? 
Undoped: 

Austria 30 $16,000 34 $22,500 
Canada m 15,800 2,480,000 19,500 1,720,000 
Germany -- -- 103 12,700 
India -- -- 9,030 12,000 
Japan 72 3,600 1 5,400 
Singapore -- -- 100 24,200 
Taiwan 886 173,000 2,140 128,000 
United Kingdom 11,500 21,900 32,200 55,700 
Other 13 24,200 9 14,100 

Total 28,300 2,720,000 63,200 1,990,000 

Doped: 

China 5,680 10,200,000 14,100 21,200,000 
Czech Republic 309 236,000 1,460 1,350,000 
Finland 1,370 1,410,000 4,180 2,440,000 
France 1,630 4,290,000 7,050 7,220,000 
Germany 29,500 18,200,000 30,500 25,700,000 
Italy 6,120 196,000 193 126,000 
Japan 52,800 $7,000,000 72,100 84,800,000 
Korea, Republic of 2,610 946,000 1,100 787,000 
Poland 473 205,000 1,230 691,000 
Singapore 6,430 10,100,000 8,800 12,900,000 
Taiwan 7,560 22,000,000 20,300 28,500,000 
United Kingdom 1,160 2,280,000 2,950 1,750,000 
Other 1,350" 1,390,000 * 2,010 1,740,000 

Total 117,000 129,000,000 166,000 189,000,000 


І -— s 
Data are rounded to no more than three significant digits; may not add to totals 


shown. 


2 
Customs value. 


Source: U.S. Census Bureau. 


TABLE 7 
ESTIMATED WORLD ANNUAL PRIMARY GALLIUM 


PRODUCTION CAPACITY, DECEMBER 31, 2010! 


(Metric tons) 
————— .. Comty ____________ Сарасну 
China 141 
Germany 35 
Hungary 8 
Japan 10 
Kazakhstan 25 
Korea, Republic of l6 
Russia 10 
Ukraine 2-15 

Total 260 


1 ; : 
Includes capacity at operating plants as well as at plants on 


standby basis. 
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GARNET, INDUSTRIAL 
By Donald W. Olson 


Domestic survey data and table were prepared by Connie Lopez, statistical assistant. 


In 2010, U.S. production of crude garnet concentrate for 
industrial use was estimated to be 52,600 metric tons (t) valued 
at about $7.91 million (table 1). U.S. imports and exports of 
industria] garnet were estimated to be 42,500 t and 11,700 t, 
respectively. U.S. apparent consumption was estimated to be 
83,500 t. 

This report includes information on garnet produced in the 
United States that was used for industrial purposes. Current 
information on gem-grade garnet can be found in the U.S. 
Geological Survey (USGS) Minerals Yearbook, volume I, 

Metals and Minerals, chapter on gemstones. Trade data in this 
report are from the U.S. Census Bureau. All percentages in the 
report were computed using unrounded data. 

The name “garnet” comes from either the Middle English 
word “gernet,” meaning dark red, or the Latin word "granatus," 
meaning grain, possibly a reference to the pomegranate (Punica 
granatum), a fruit plant with red seeds similar in shape, size, 
and color to some garnet crystals. Garnet has been used as а 
Bemstone for centuries. Garnet necklaces have been found in 
burial sites as far back as the Bronze Age, and garnet is found 
among the ornaments adorning the oldest Egyptian mummies. 
Gamet also is ideal for many industrial applications because 
of its angular fractures, relatively high hardness and specific 
gravity, chemical inertness, nontoxicity, lack of crystalline silica, 
and its ability to be recycled. 
| Gamet is the general name given to а group of complex 
silicate minerals, all with isometric crystal structure and similar 
Properties and chemical composition. The general chemical 
formula for the garnet minerals is A,B,(SiO,),, where A can 
be calcium, ferrous iron, magnesium, or manganese, and B 
can be aluminum, chromium, ferric iron, or rarely, titanium. 

The most common garnet minerals are classified into three 
broups—the aluminum-garnet group, the chromium-garnet 
5700р, and the iron-garnet group. The most common minerals 
of the aluminum-garnet group are almandine or almandite, 
grossularite, pyrope, and Spessartite. 

Andradite is the most common iron-garnet mineral, and 
warovite is the most common chromium garnet. Garnet 
occurs worldwide in many rock types, principally gneisses 
and schists; other sources include contact metamorphic rocks, 
metamorphosed crystalline limestones, pegmatites, and 
serpentinites. Alluvial garnet is associated with heavy-mineral 
sand and gravel deposits in many parts of the world. 

Occurrences of garnet are numerous; however, relatively few 
commercially viable garnet deposits have been discovered. 


Production 
The U.S. industrial garnet industry is dominated by a 


few major producers, The garnet industry has encountered 
progressively higher production costs and ti ghter profit margins 
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since the mid-1990s. These factors have resulted in the loss 
of noncompetitive producers. Because of the need to keep 
production costs at a minimum, the most competitive producers 
are those who produce garnet in combination with one or 
two other minerals, have reserves that can be mined at a low 
cost, and have the ability to react rapidly to changes in market 
demand. The value of industrial garnet is influenced by the size 
and grade of reserves, the type and quality of garnet mined, the 
proximity of deposits to infrastructure and consumers, and the 
milling costs. Pricing within the U.S. garnet industry is very 
competitive, and suppliers must provide a high level of customer 
service. The majority of industrial-grade garnet mined in the 
United States is almandine (iron aluminum silicate) and pyrope 
(magnesium aluminum silicate); some andradite (calcium iron 
silicate) also is mined domestically. Industrial garnet is produced 
from alluvial bar and beach deposits, like those in Idaho and 
Montana (also those in Australia and India), and it is produced 
from hard rock deposits, like those in New York (Moore, 2006). 
Four U.S. companies accounted for all domestic production— 
one in Idaho, one in Montana, and two in New York. The 
USGS obtained the data in this report through a survey of U.S. 
industrial garnet producers. Two of the four domestic producers 
reported their output and sales to the USGS, and production 
amounts and values for the nonreporting companies were 
estimated. 
In 2010, U.S. production of crude garnet concentrate for 
industrial use was estimated to be 52,600 t valued at about 
$7.91 million (table 1). This was a 15% increase in production 
and an increase of 15% in value compared with 45,600 t 
valued at $6.85 million in 2009. The United States 
for about 4% of global industrial garnet Vea 
| production. Refined 
garnet material sold or used during 2010 was 28,900 t valu d 
$7.43 million, a unit value 0f $257 per ton, which Was a 3 D at 
increase in quantity, an increase of about 22% in value 0 
a 7% decrease in unit value com d wi » and 
pared with the 2009 levels 
Garnet producers in 2010 were Barton Mines Co LLC in 
Warren County, NY; Emerald Creek Garnet Ltd | - 
| .in 
County, ID; NYCO Minerals, Inc. in Essex Cou 
Ruby Valley Garnet LLC in Madison Count uw. 
to the producers cited above, International CHR 
in Clinton County, NY, processed and sold all the 


Benewah 
NY; and 

n addition 
Abrasive Inc. 


by NYCO Minerals as a byprod ~ Samet mined 
2010 yproduct of wollastonite Production n 
Consumption 

In 2010, the estimated 


industrial garnet was 83,500 t The s consumption of 


lal garnet use. 


cutting, 3596; abrasive blasting media, 3096; water filtration, 
2076; abrasive powders, 1096; and other, 5%. Domestic 
industries that consume garnet include aircraft and motor 
vehicle manufacturers, ceramics and glass producers, electronic 
component manufacturers, filtration plants, glass polishing, 
the petroleum industry, shipbuilders, textile stonewashing, and 
wood-furniture-finishing operations. 
Most industrial garnet is used as an abrasive because of 
its hardness, which ranges from 6 to 7.5 on the Mohs scale. 
High-quality, high-value garnet grain has been used principally 
for such applications as optical lens grinding and plate-glass 
grinding for more than a century; industrial diamond and 
fused aluminum oxide are competitors in these applications. 
In recent years, industrial garnet powders have been used for 
high-quality, scratch-free lapping of semiconductor materials 
and other metals. Garnet has replaced some silica sand in the 
abrasive blasting media market because garnet does not have the 
health risks associated with the inhalation of airborne crystalline 
silica dust. At present, however, silica sand and mineral slag 
continue to be the most widely used media in blasting. The 
U.S. petroleum industry is one of the leading garnet-consuming 
industries, using garnet for cleaning drill pipes and well 
casings. The aluminum aircraft manufacturing and shipbuilding 
industries use garnet for blast cleaning and for finishing metal 
surfaces. Similar uses include the cleaning and conditioning 
of aluminum and other soft metals, as well as metal cleaning 
by structural steel fabrication shops. Garnet entrained in 
high-pressure streams of water also is used to cut many different 
materials. Garnet powders generally are used for antiskid 
surfaces, antislip paints, and glass and ceramic polishes. 
Waterjet cutting is the process of combining water under 
ultrahigh pressure with entrained garnet grains to cut a wide 
variety of materials. Materials cut using this process range 


from soft leather and fabric to hard steel, titanium, and other 
metals. Waterjet cutting makes it 


DN ae "Ругоре garnet is excellent for this 
application as it strikes the песеззагу balance between cutting 


productivity and equipment wear. The waterjet market began 
to develop slowly in the late 1980s and early 1990s, and it has 
increased at a faster rate in the past 20 years. Future growth is 
expected to remain steady as use of this technology expands 
in existing areas and enters new applications that require an 
entrained flow of abrasive garnet in a water stream to C 
plastics, and glass. Abrasive waterjet cutting provides 
for manufacturers faced with the task of cutting new 
such as composites and sandwiched materials that had been 
problematic to machine in the past. Waterjet cutting allows for 
flexibility and eliminates the need for flame cutting. Cutting 
fragile materials or intricate patterns in a work piece by abrasive 


ut metal, 
а tool 
materials, 


waterjet cutting significantly decreases the amount of distortion 
or breakage (Rapple, 2006). | 

Low-quality industrial garnet, which has lower hardness and 
is more highly fractured, is used as a high-density medium in 
water filtration systems because of its relative inertness and 
resistance to chemical degradation. Garnet is well suited for 
water filtration and treatment because it is relatively heavy and 
chemically stable. Mixed-media water filtration, which uses 
a mixture of anthracite, garnet, and silica sand, has displaced 
older filtration methods because it provides better water quality. 
Garnet competes with ilmenite, magnetite, plastics, and silica 
sand as a filtration medium. 

Other applications for garnet include the manufacture of 
coated abrasives and the finishing of felt, hard rubber, leather, 
plastics, and wood. In the coated-abrasive market, garnet falls 
between low-cost quartz sand or staurolite and more costly. 
manufactured abrasives, such as fused alumina and silicon 
carbide. Garnet is more efficient than quartz sand in most 
coated-abrasive applications. Owing to its friable nature and 
lower hardness, garnet cannot compete with manufactured 
abrasives in metalworking applications that require substantial 
metal removal. 


Prices 


Industrial garnet is priced at a wide range, depending on 
application, quality, quantity purchased, source, and type. 
During 2010, domestic values for crude concentrates for | 
different applications ranged from about $83 to $226 per metric 
ton, with an average for the year of $150 per ton. Domestic 
values for refined garnet for different applications sold during 
the year ranged from $83 to $287 per ton, with an average for 
the year of $257 per ton. | 

The estimated average values of garnet from other leading 
producers around the world based on the value of import 
shipments are as follows: Australia, $344 per ton; C anada, $304 
per ton; China, $384 per ton; and India, $182 per ton. During 
2010, the average value of industrial garnet imported from all 
sources was $261 per ton, which was a 12% increase from $234 
per ton in 2009. 


Foreign Trade 


Lower priced foreign imports of garnet slowly began 
displacing U.S. production in domestic markets during the 
1990s. For the past 6 years, industrial garnet imports have 
provided between 44% and 60% of the U.S. total industrial 
garnet supply. Р 

The U.S. Census Bureau compiles trade data on exports an 
imports of industrial garnet mixed with other natural сопе 
commodities, such as emery and corundum, so the data p 
be identified specifically as garnet. Based on reports from 
producers and other industry sources, exports and imports 0 
industrial garnet were estimated to be 1 1,700 t and 42,500 t, 
respectively, in 2010. Exports decreased by about 11% - 
those of 2009, and imports increased by about 12% compare н 
With those of 2009. In 2010, Australia, Canada, China, and In i 
continued to supply the majority of the U.S. garnet imports, W 
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Uti India providing 56%; Australia, 23%; China, 17%; Canada, 2%; 
and other countries, 296 of industrial garnet imported into the 

Ni United States for consumption. Garnet exported by the United 

Ма States was shipped to Asian, Canadian, Caribbean, Central 

а American, European, and South American markets. About 63% 

Wiz of garnet exports from the United States went to Brazil, Canada, 

lil China, Germany, Mexico, and Taiwan. 

Wü During 2010, GMA Garnet Corp., based in Western Australia, 

iè took a 5-year lease on a port facility in Fairless Hills, PA. The 

it: facility is located on a former U.S. Steel mill site along the 

iti Delaware River and is accessible to major highways, rail lines, 
and a deepwater port. GMA will use the facility to establish 

li а Northeastern United States location to receive 10,000-ton 

Ми parcels of Australian garnet in loose bulk for storage. From 

is there, СМА will test the quality of the garnet and package it for 

«s distribution throughout North America. GMA also intends to 

i; construct a large-scale garnet recycling plant at the facility in 

іш Fairless Hills, РА (NAI Global, 2010). 


{н World Review 


The USGS estimated total world industrial garnet production 
to be about 1.4] million metric tons. In 2010, India, China, 
Australia, and the United States were, in decreasing tonnage 
order, the leading producers. In 2010, India produced about 
к 50% of total global production; China, about 33%; Australia, 
№ 119; the United States, about 4%; and other countries, about 
ў 2%. China and India are expected to continue as leading world 
| producers of industrial garnet. Russia and Turkey have been 
х Mining garnet in recent years, primarily for domestic markets. 

; Small garnet-mining operations also are located in Canada, 

4 Chile, the Czech Republic, Pakistan, South Africa, Spain, 
Thailand, and Ukraine. Production in most of these countries is 

; for domestic use. 

, Australian industrial garnet production and exports increased 
from 1998 until 2006, and have remained approximately the 

y Same each year since. In 2010, Australian industrial garnet 

г Production and exports decreased by about 6% from those of 

‚ the previous year. China and India also have steadily increased 

gamet output in the past decade and have become significant 

gamet sources for other countries. Worldwide end uses and 

their estimated market shares are abrasive blasting media, 50%; 

abrasive grains for waterjet cutting, 30%; water filtration, 15%; 

and other end uses, 5%, 


Outlook 


The U.S. garnet industry has encountered higher production 


costs and tighter profit margins during recent years. The industry 


has also been competing with lower priced foreign imports 
that have displaced U.S. production in domestic markets, 

50 much so that, for 2 of the past 6 years, industrial garnet 
imports have exceeded domestic industrial garnet production. 
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This has resulted in the closure of noncompetitive operations. 
Because of the need to keep production costs at a minimum, the 
most competitive producers are those who produce garnet in 
combination with one or two other minerals, have reserves that 
can be mined at a low cost, and have the ability to react rapidly 
to changes in market demand. An example of a new mining 
operation that will produce more than one mineral is the mine 
being developed in Coos County, OR, by Oregon Resources 
Corp. The mine was expected to begin production during 

May 2011 and be in full operation by yearend 2011. Oregon 
Resources estimated that the mine will produce 635,000 t of ore 
per year, yielding 54,400 t of chromite and 16,300 to 18,100 t 
of spessartite garnet each year. The garnet is intended for 
waterjet cutting markets. Zircon will also be produced. Oregon 
Resources projected a 15-year mine life for the operation (James 
Dingman, director of marketing and sales, Oregon Resources 
Corp., written commun., February 28, 2007; oral commun., 
December 17, 2010, and May 5, 2011). 

Worldwide demand for industrial garnet is expected to 
continue, especially within the markets for abrasive grains for 
waterjet cutting and for abrasive blasting media. Garnet demand 
also is expected to continue for aircraft manufacturing and 
shipbuilding, where significant quantities of garnet are used for 
abrasive blast cleaning and finishing of metal surfaces and for 
waterjet cutting. The use of garnet in waterjet cutting is expected 
to increase at a higher rate than the use of garnet as an abrasive 
blasting media. 
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TABLE 1 
ESTIMATED SALIENT U.S. INDUSTRIAL GARNET STATISTICS ! 


2010 


EIE CERRO RR ИУ 
2006 2007 2008 2009 

United States: 

и es | 


Crude production: 


Quantity metric tons 34,100 61,400 62,900 45,600 52,600 
Vale оф — 920 — 91130 51350 — $6850 $7,910 
Soldered? MM E: 

Quantity metric tons 16,800 20,700 49,800 22,100 28,900 

Value thousands $5,330 $5,830 $13,500 $6,100 $7,430 

Exports: 
Quantity metric tons 13,300 12,000 12,500 13,200 11,700 
Value thousands $9,450 $9,620 $9,050 $10,700 514,400 
Imports for consumption: 
Quantity metric tons 50,800 52,300 49,200 37,900 42,500 
Value thousands $8,340 $8,010 $11,500 $8,890 $11,100 
Apparent consumption? metric tons 71,600 102,000 99,700 70,300 83,500 
World, production do. 1,370,000 1,380,000 1,310,000 1,390,000 1,410,000 
do. Ditto. 
"Data are rounded to no more than three significant digits. 
“Мау exclude some unreported exports. 
‘Domestic production plus imports minus exports. 
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= By Donald W. Olson 


Domestic survey data and tables were prepared by Connie Lopez, statistical assistant, and the world production table was 


Ш 
In 2010, the estimated value of natural gemstones produced in 
— the United States was more than $10.0 million, and the estimated 
— value of U.S. laboratory-created gemstone production was more 
үҙ than $30.8 million. The total estimated value of U.S. gemstone 
{т production was about $40.8 million. The value of U.S. gemstone 
.. imports was $19.6 billion, and the value of combined U.S. 
ty gemstone exports and reexports was estimated to be $14.9 billion. 
ІШ In this report, the terms “gem” and “gemstone” mean any 
ІН mineral or organic material (such as amber, pearl, petrified 
Wi wood, and shell) used for personal adornment, display, or object 
of art because it possesses beauty, durability, and rarity. Of 
more than 4,000 mineral species, only about 100 possess all 
these attributes and are considered to be gemstones. Silicates 
other than quartz are the largest group of gemstones in terms 
of chemical composition; oxides and quartz are the second 
largest (table 1). Gemstones are subdivided into diamond and 
colored gemstones, which in this report designates all natural 
nondiamond gems. In addition, laboratory-created gemstones, 
cultured pearls, and gemstone simulants are discussed but are 
treated separately from natural gemstones (table 2). Trade data 
in this report are from the U.S. Census Bureau. All percentages 
in the report were computed using unrounded data. Current 
information on industrial-grade diamond and industrial-grade 
gamet can be found in the U.S. Geological Survey (USGS) 
Minerals Yearbook, volume I, Metals and Minerals, chapters on 
industrial diamond and industrial garnet, respectively. 
Gemstones have fascinated humans since prehistoric times. 
They have been valued as treasured objects throughout history 
by all societies in all parts of the world. Amber, amethyst, coral, 
diamond, emerald, garnet, jade, jasper, lapis lazuli, pearl, rock 
crystal, ruby, serpentine, and turquoise are some of the first 
stones known to have been used for making jewelry. These 
Stones served as symbols of wealth and power. Today, gems are 
wom more for pleasure or in appreciation of their beauty than to 
demonstrate wealth. In addition to jewelry, gemstones are used 
for collections, decorative art objects, and exhibits. 


Production 


U.S. gemstone production data were based on а survey of 
more than 240 domestic gemstone producers conducted by the 
USGS. The survey provided a foundation for projecting the 
scope and level of domestic gemstone production during the 
year, However, the USGS survey did not represent all gemstone 
activity in the United States, which includes thousands of 
professional and amateur collectors. Consequently, the USGS 
supplemented its survey with estimates of domestic gemstone 
production from related published data, contacts with gemstone 


dealers and collectors, and information gathered at gem and 
mineral shows. 
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№ prepared by Glenn J. Wallace, international data coordinator. 


Commercial mining of gemstones has never been extensive 
in the United States. More than 60 varieties of gemstones have 
been produced commercially from domestic mines, but most of 
the deposits are relatively small compared with those of other 
mining operations. In the United States, much of the current 
gemstone mining is conducted by individual collectors, gem 
clubs, and hobbyists rather than by businesses. 

The commercial gemstone industry in the United States 
consists of individuals and companies that mine gemstones or 
harvest shell and pearl, firms that manufacture laboratory-created 
gemstones, and individuals and companies that cut and polish 
natural and laboratory-created gemstones. The domestic gemstone 
industry is focused on the production of colored gemstones and 
on the cutting and polishing of large diamond stones. Industry 
employment is estimated to be between 1,000 and 1,200. 

Most natural gemstone producers in the United States 
are small businesses that are widely dispersed and operate 
independently. The small producers probably have an average 
of less than three employees, including those who only work 
part time. The number of gemstone mines operating from 
year to year fluctuates because the uncertainty associated with 
the discovery and marketing of gem-quality minerals makes 
it difficult to obtain financing for developing and sustaining 
economically viable operations. 

The total value of natural gemstones produced in the United 
States during 2010 was estimated to be about $10.0 million 
Sri 3). This production value was an 8% Increase from that of 

Natural gemstone materials indi 
are collected or produced in every State. During 2010, all 50 
States produced at least $1,360 worth of gemstone materia] 
There were 10 States that accounted for 8576 of the tol i 
as reported by survey respondents. These States were. ; 
descending order of production value, North Caroli Eun 
Oregon, Utah, California, Tennessee, Montana C iS а 
and Arkansas. Some States were known for the | Idaho, 
a single gemstone material—Ten Production of 
for example. Other States produ pearls, 
example, Arizona’s gemstone depos; Ones; for 


genous to the United States 


al value, 
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lamproite breccia tuff associated with a volcanic pipe and in 
the soil developed from the lamproite breccia tuff. In 2010, 

601 diamond stones with an average weight of 0.218 carat 
were recovered at the Crater of Diamonds State Park. Of the 
601 diamond stones recovered, 23 weighed more than 1 carat. 
Since the diamond-bearing pipe and the adjoining area became 
a State park in 1972, 29,906 diamond stones with a total carat 
weight of 5,981.1 have been recovered (Margi Jenks, park 
interpreter, Crater of Diamonds State Park, written commun., 
September 22, 2011). Exploration has demonstrated that this 
diamond deposit contains about 78.5 million metric tons (Mt) of 
diamond-bearing rock (Howard, 1999, p. 62). An Arkansas law 
enacted early in 1999 prohibits commercial diamond mining in 
the park (Diamond Registry Bulletin, 1999). 

A few companies have expressed interest in exploration for 
diamond deposits in areas of Alaska, Colorado, Minnesota, 
Montana, and Wyoming with geologic settings and terrain that 
are similar to Canadian diamond mining areas. Even though 
some exploration has taken place in these States, they remain 
largely unexplored for diamonds (Iron Range Resources & 
Rehabilitation Board, 2012). Although exploration and field 
studies have found many diamond indicators and a number of 
large diamond deposits, none have attracted long-term investors 
or been operated commercially. 

In addition to natural gemstones, laboratory-created | 
gemstones and gemstone simulants were produced in the United 


States in 2010. Laboratory-created or synthetic gemstones 
have the same chemical, optical, and physical properties as 
the natural gemstones. Simulants have an appearance similar 
to that of a natural gemstone material, but they have different 
chemical, optical, and physical properties. Laboratory-created 
gemstones that have been produced in the United States 
include alexandrite, cubic zirconia, diamond, emerald, garnet, 
moissanite, ruby, sapphire, spinel, and turquoise. pipes 
during 2010. only cubic zirconia, diamond, огап 6; Е 
turquoise Were produced commercially. Simulants of amber, 

( coral, lapis lazuli, malachite, travertine, and 


socolla, | қ 
ee also were manufactured in the United States. In 
sdditión certain colors of laboratory-created sapphire and 


pinel, used to represent other gemstones, are classified as 
spinel, 


ыы eated gemstone production in the United States 
La | d at more than $30.8 million during 2010, which was 
о d with that of 2009. The value of U.S. 


Of 1 ase compare | 
а 13% incre s estimated to be more than 


stone output wa 
simulant gem mpanies in five States, representing 


$100 E : B s laboratory-created gemstone industry, 
virtually t uio to the USGS. The States with reported 
reported pro ted gemstone production were, in descending 
scies ro value, Florida, New York, Massachusetts, 
order 
North Carolin» agen cms manufactured the first 
Since the 19505, ond grit using a high-pressure, 


its of diam 
laboratory- Created men method, this method of growing 


high-tempera :velv commonplace in the world 
relatively co 

diamonds - eee ratory-created diamonds, so much so 

as a techno bd f small plants throughout China were using 

x Moa d and producing laboratory-created diamonds 

the 
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suitable for cutting as gemstones. Gem-quality diamonds of 

| carat or more are harder to manufacture because at that size, 
it is difficult to consistently produce diamonds of high quality, 
even in the controlled environment of a laboratory using the 
HPHT method. After more than 50 years of development, that 
situation has changed, and several laboratory-created diamond 
companies were producing high-quality diamonds that equal 
those produced from mines (Park, 2007). 

Gemesis Corp. (Sarasota, FL) consistently produced 
gem-quality laboratory-created diamond and reported an 11th 
year of production in 2010. The laboratory-created diamonds are 
produced using equipment, expertise, and technology developed 
by a team of scientists from Russia and the University of Florida 
The weight of the laboratory-created diamond stones ranges 
from 1% to 2 carats, and most of the stones are brownish yellow, 
colorless, green, and yellow. Gemesis uses diamond-growing 
machines, each machine capable of growing 3-carat rough | 
diamonds by generating HPHT conditions that recreate the 
conditions in the Earth's mantle where natural diamonds form 
(Davis, 2003). Gemesis could be producing as many as 30,000 to 
40,000 stones each year, and annual revenues may reach 
$70 million to $80 million. Gemesis diamonds are available for 
retail purchase in jewelry stores and on the Internet, and the prices 
of the Gemesis laboratory-created diamonds are 30% to 50% 
lower than those of comparable natural diamond but above the 
prices of simulated diamond (Gemesis Corp., 2010). 

In the early 2000s, Apollo Diamond, Inc., near Boston, MA, 
developed and patented a method for growing single, extremely 
pure, gem-quality diamond crystals by chemical vapor deposition 
(CVD). The CVD technique transforms carbon into plasma, 
which is then precipitated onto a substrate as diamond. CVD 
had been used for more than a decade to cover large surfaces 
with microscopic diamond crystals, but in developing this 
process, Apollo Diamond discovered the temperature, gas 
composition, and pressure combination that resulted in the growth 
of a single diamond crystal. These CVD diamonds may not be 
distinguishable from natural diamond by some tests (Davis, | 
2003). Apollo Diamond produced laboratory-created stones " 
ranged from 1 to 2 carats. Growth of CVD diamonds 15 limite 
only by the size of the seed placed in the Отсо 
chamber. In 2008, the company increased its pioducuon of larg 
stones and sold the diamonds at prices that averaged 15% less 

: he company Web 
than those of comparable natural diamonds ont 2008) 
site and through select jewelers (Apollo Diamond, us с. 
Both Apollo Diamond and Gemesis prefer to call n | e 
“cultured” rather than laboratory-created, referring to n 
the diamonds are grown much like a cultured pearl м бее Р 

In 2010, Charles & Colvard, Ltd. in North xis T ше | 
its 13th year as the world’s only manufacturer 0 ed die s 
gem-quality laboratory-created silicon E marketed for 
also an excellent diamond simulant, ы 5 z ; he refractive | 
its own gem qualities. Moissanite exhi ui a E. is hardness У 
index (brilliance) and higher luster than E ^d diamond, 
between those of corundum (ruby and те Ltd., 2010). 
which gives it durability (Charles 55. sales increased Dy 
Charles & Colvard reported that moissani "n $82 million if 
53% to $12.7 million in 2010 compared w! 

2009 (Charles & Colvard, Ltd., 2011). 
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dir U.S. mussel shells are used as a source of mother-of-pearl 
МШ and as seed material for culturing pearls. U.S. shell production 
ШИЕ increased by 15% in 2010 compared with that of 2009 as were 
ІА a reflection of the recovery from the impacts of the global 
Nit recession on luxury spending. This increase was in spite of 
Vii decreased demands for U.S. shell materials caused by the use 
Iii of manmade seed materials and seed materials from China and 
other sources by pearl producers in Japan. The popularity of 
ІШ darker and colored pearls and freshwater pearls that do not use 
Wii U.S. seed material has also contributed decreased demands for 
а U.S. shell materials. In some regions of the United States, shell 
wis from mussels was being used more as a gemstone based on its 
ii? own merit rather than as seed material for pearls. This shell 
i» material was being processed into mother-of-pearl and used in 
Iii beads, jewelry, and watch faces. 
Шіл 
aa Consumption 


Historically, diamond gemstones have proven to hold their 
„ Value despite wars or economic depressions, but this did not 
e hold true during the recent worldwide economic recession. 
it Diamond and colored gemstones value and sales decreased 
" during the economic downturn in 2008 and continued into 
" 2009, but during 2010 U.S. gemstone consumption and sales 
" Increased. 
| Although the United States accounted for little of the 
| total global gemstone production, it was the world's leading 
я diamond and nondiamond gemstone market. It was estimated 
i that U.S. gemstone markets accounted for more than 35% of 
E world gemstone demand in 2010. The U.S. market for unset 
Р gem-quality diamond during the year was estimated to be about 
P $18.6 billion, an Increase of 46% compared with that of 2009. 
if Domestic markets for natural, unset nondiamond gemstones 
: totaled approximately $959 million in 2010, which was a 23% 
| increase from that of 2009. These large increases in domestic 
в markets were а reflection of the recovery from the impacts of 
"the global recession on luxury spending. 
oy In the United States, a majority of domestic consumers 
б 2. diamond as their favorite gemstone. This popularity 
ME а by the U.S. diamond market making 
p xd x An s gemstone market. Colored natural 
у Bie А * aboratory-created gemstones, and “fancy” 
; Шей E : ee popular in 2010, with the values of the 
| tondiamond PED a all e of colored natural, unset 
2 (able ты rease rom the 2009 values 
recession on ls 5 10 recovery from the impact of the 
| The estimated | ee 
an ёл. up кзы sales were $63.4 billion in 
(Gassman 20) Ж о Irom sales of $58.8 billion in 2009 
| ported jewelry sales лш: Es ne nm jewelers 
| ће ог more from that of the 


Previous year during ү қ 
(Gra 2011), S the 2010 holiday shopping season 
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Prices 


Stone prices 
a 
t Ге governed by many factors and qualitative 


etistics, į ; 
; Including beauty, clarity, defects, demand 


m 
C 
Шашу, and rar: 
‚ and гаг i A 
Ity. Diamond Pricing, in particular, is complex; 
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values can vary significantly depending on time, place, and the 
subjective valuations of buyers and sellers. There are more than 
14,000 categories used to assess rough diamond and more than 
100,000 different combinations of carat, clarity, color, and cut 
values used to assess polished diamond. 

Colored gemstone prices are generally influenced by market 
supply and demand considerations, and diamond prices are 
supported by producer controls on the quantity and quality of 
supply. Values and prices of gemstones produced and (or) sold 
in the United States are listed in tables 3 through 5. In addition, 
customs values for diamonds and other gemstones imported, 
exported, or reexported are listed in tables 6 through 10. 

De Beers Group companies remain a significant force, 
influencing the price of gem-quality diamond sales worldwide 
during 2010 because the companies mine a significant portion of 
the world's gem-quality diamond produced each year. In 2010, 
De Beers produced 33 million carats from its independently 
owned and joint-venture operations in Botswana, Canada, 
Namibia, and South Africa. De Beers companies also sorted and 
valuated a large portion (by value) of the world's annual supply 
of rough diamond through De Beers' subsidiary Diamond 
Trading Co. (DTC). DTC sales of rough diamonds totaled $5.08 
billion during 2010—up $1.85 billion from 2009. DTC rough 
diamond average prices increased by 27% from those of 2009. 
In 2010, De Beers had diamond sales of $5.88 billion, which 
was an increase of 53% from diamond sales of 2009. These 
increases were driven by strong demand in Chinese and Indian 
markets (Lee, 2011). 


Foreign Trade 


During 2010, total U.S. gemstone trade with all countries 
and territories was valued at about $34.5 billion, which was 
a increase of 43% from that of 2009. Diamond accounted for 
about 95% of the 2010 gemstone trade total. In 2010, U.S, 
exports and reexports of diamond were shipped to 95 countries 
and territories, and imports of all gemstones were received from 
99 countries and territories (tables 6-10). In 2010, U.S. import 
quantities in cut diamond increased by 24% compared with 
those of 2009, and their value increased by 45%. U.S. import 
quantities in rough and unworked diamond decreased by 44%, 
although their value increased by 81% (table 7). The United 
States remained the world’s leading diamond importer and 
was a significant international diamond transit center as well 
as the world's leading gem-quality diamond market. In 2010, 
U.S. export quantities of gem-grade diamond increased by 80% 
compared with those of 2009, and their value increased by 3394. 
The large volume of reexports revealed the significance that the 
United States had in the world's diamond supply network 
(table 6). These increases in trade were owing to recovery from 
the impact of the recession on luxury spending. 

Import values of laboratory-created gemstone increased by 
10% for the United States in 2010 compared with those of 2009 
(table 10). Again, this increase in imports was owing to recovery 
from the impact of the recession on luxury spending. 

Laboratory-created gemstone imports from Austria, China, 
Germany, Hong Kong, India, Switzerland, and Thailand, with 
more than $500,000 in imports each, made up about 91% 

(by value) of the total domestic imports of laboratory-created 
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gemstones during the year (table 9). The marketing of imported 
laboratory-created gemstones and enhanced gemstones as 
natural gemstones, and the mixing of laboratory-created 
materials with natural stones in imported parcels, continued to 
be problems for some domestic producers in 2009. There also 
were continuing problems with some simulants being marketed 
as laboratory-created gemstones during the year. 


World Review 


The gemstone industry worldwide has two distinct sectors— 
diamond mining and marketing and colored gemstone 
production and sales. Most diamond supplies are controlled by a 
few major mining companies; prices are supported by managing 
the quality and quantity of the gemstones relative to demand, a 
function performed by De Beers through DTC. Unlike diamond, 
colored gemstones are primarily produced at relatively small, 
low-cost operations with few dominant producers; prices are 
influenced by consumer demand and supply availability. 

In 2010, world natural diamond production totaled about 
144 million carats—79.9 million carats gem quality and 
63.8 million carats industrial grade (table 11). Most production 
ncentrated in a few regions—Africa [Angola, Botswana, 


Congo (Kinshasa), Namibia, and South Africa], Asia 
Yakutia in Russia), Australia, North 


(northeastern Siberia and | 
America (Northwest Territories in Canada), and South America 
(Brazil and Venezuela). In 2010, Russia led the world in total 


natural diamond output quantity (combined gemstone and 
industrial) with 2396 of the world estimated production. а 
was the world's leading gemstone diamond producer with 31%; 
followed by Russia, 22%; Angola, 16%; Canada, 15%; Congo 
(Kinshasa), 7%; South Africa, 4%; Namibia, 2%; and Guinea, 
1%. These eight countries produced 97% (by quantity) of the 
world's gemstone diamond output іп 2010. na 

In 2002, the international rough-diamond certification 
system, the Kimberley Process Certification Scheme (KPCS), 
was agreed upon by United Nations (UN) member nations, the 
diamond industry, and involved nongovernmental organizations 
to prevent the shipment and sale of conflict diamonds. Conflict 

-monds are diamonds that originate from areas controlled 
"e es or factions opposed to legitimate and internationally 
с ed governments, and are used to fund military action 
patente to those governments, Or in contravention of the 
B a of the UN Security Council. The KPCS includes 
22. key elements: the use of forgery-resistant 
њу р ў a tamper-proof containers for shipments of rough 
"ain internal controls and procedures that provide credible 
а а зе conflict diamonds do not enter the legitimate 
а arket; a certification process for all exports of rough 
diamon d e gathering, organizing, and sharing of import 
ndi data on rough diamonds with other participants 
of relevant production, credi 


was CO 


ble monitoring and oversight of 


: i heme for rough diamonds; 
| tional certification schen abes 
the e enforcement of the provisions of the certification 
effect through dissuasive and proportional penalties for 
2. self regulation by the diamond industry that fulfills 
viola , 


inimum requirements; and sharing information with all other 
mini 


rocedures, and legislation as 
-nants on relevant rules, p 
ene лије of national certificates used to accompany 
we 
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shipments of rough diamonds. Israel assumed the chair of KPCS 
for January 1 through December 31, 2010, the eighth country or 
organization in succession to hold the chair after Namibia, India, 
South Africa, Canada, Russia, Botswana, and the European 
Commission. The 50 participants represented 76 nations 
(including the 27 member nations of the European Community) 
plus the rough diamond-trading entity of Taipei. During 2010, 
Cote d'Ivoire continued to be under UN sanctions and was not 
trading in rough diamonds, and Venezuela voluntarily suspended 
exports and imports of rough diamonds until further notice. The 
participating nations in the KPCS account for approximately 
99.8% of the global production and trade of rough diamonds 
(Kimberley Process, undated). 

Globally, the value of production of natural gemstones other 
than diamond was estimated to be more than $2.5 billion in 
2010. Most nondiamond gemstone mines are small, low-cost, 
and widely dispersed operations in remote regions of developing 
nations. Foreign countries with major gemstone deposits other 
than diamond are Afghanistan (aquamarine, beryl, emerald, 
kunzite, lapis lazuli, ruby, and tourmaline), Australia (beryl, 
opal, and sapphire), Brazil (agate, amethyst, beryl, ruby, 
sapphire, topaz, and tourmaline), Burma (beryl, jade, ruby, 
sapphire, and topaz), Colombia (beryl, emerald, and sapphire), 
Kenya (beryl, garnet, and sapphire), Madagascar (beryl, rose 
quartz, sapphire, and tourmaline), Mexico (agate, opal, and 
topaz), Sri Lanka (beryl, ruby, sapphire, and topaz), Tanzania 
(garnet, ruby, sapphire, tanzanite, and tourmaline), and Zambia 
(amethyst and beryl). In addition, pearls are cultured throughout 
the South Pacific and in other equatorial waters; Australia, 
China, French Polynesia, and Japan were key producers in 2010. 

Worldwide diamond exploration allocations decreased by 
9% in 2010, to $357 million spent by 99 companies compared 
with $393 million by 113 companies during 2009. This lowered 
the diamond share of overall worldwide mineral exploration 
spending to 3% during 2010. Planned diamond exploration 
spending in 2010 was at its lowest value since 2003. Africa was 
the most popular diamond exploration location for the seventh 
year in a row, although Africa's share of overall exploration 

% i Imost 50% in 2009. 
spending decreased to 35% in 2010 from ап | | 
Canada's share of total diamond exploration budgets increase 
to 29% in 2010 from 18% in 2009. De Beers Group dropped 
from the position of top diamond explorer that it had held T 
more than a decade and was replaced by ALROSA Co. МЕ 
ALROSA, De Beers Group, and Rio Tinto ріс were the tre 


% 

ТР i unting for 57% 

diamond exploration companies, acco j 
leading p ‘amond exploration 


of the estimated $357 million total global d zw 
budget in 2010 (Metals Economics Group, 2010, p. 5—» 


p. 13). . 
dai i d prices recovered 
Worldwide in 2010, diamonc РА sion. The recové 


the downturn caused by the global reces b 

led by an upturn in the U.S. markets; this Was demonstrate | 

increasing quantity and value of diamond D c imis 

improved sales in North America overall (Metals 

Group, 2011, p. 10). 
Worldwide in 2010, three 
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s Botswarta.—Firestone Diamonds plc received a license for 
"m mining the BK11 Mine in July 2010, and began operating phase 
‚ lofthe production plant. Work on phase 2 was completed іп 
" the third quarter of 2010, increasing the ore production rate to 
1.5 million metric tons (Mt) per year. The mine reached full 
production of 150,000 carats per year in the fourth quarter of 
‚ ` 2010. The ВКИ Mine is an open pit operation, which is 90% 
г owned by Firestone Diamonds plc and 10% by a local company. 
ш Firestone estimated the BK 11 Mine’s reserves to be 18.0 Mt at 
їй startup (Metals Economics Group, 2011, p. 15). 
Е Brazil—During the third quarter of 2010, Vaaldiam Mining 
М Inc. started production at its Duas Barras alluvial mining 
operation. Diamond recovery during the quarter was 643 carats 
m from ore grading 0.03 carat per cubic meter. The ore grade 
· improved after September with the opening of a second mining 
a front that exposed large amounts of better quality gravels. The 
ЇЧ recovered diamond grade was approximately 0.16 carat per 
в cubic meter. Vaaldiam estimated the reserves for Duas Barras at 
ja 23 Mt (Metals Economics Group, 2011, p. 15). 
WU! Canada. — Canadian diamond production was about 
ш 11.8 million carats (Mct) during 2010, an increase of about 8% 
i compared with that of 2009. Diamond exploration continued 
Шш in Canada, with several commercial diamond projects and 
(с additional discoveries in Alberta, British Columbia, the 
Ж Northwest Territories, the Nunavut Territory, Ontario, and 
lE Quebec. In 2010, Canada produced 8.2% of the world's 
Ш combined natural gemstone and industrial diamond output. 
i The Diavik Diamond Mine in the Northwest Territories 
© completed its eighth full year of production. In 2010, Diavik 
је produced 6.5 Mct of diamond, an increase of 16% from the 
it Previous year’s production. At yearend 2010, Diavik estimated 
the mine’s remaining proven and probable reserves to be 18 Mt 
| of ore in kimberlite pipes containing 52.2 Mct of diamond and 
м Projected the total mine life to be 16 to 22 years. Diavik began 
И developing an underground mine and substantially completed 
construction on the project during 2009, and the first ore was 
| produced during the first quarter of 2010, with full production 
у i ae mine is an unincorporated joint venture 
ҮШЫН; н Inc. (6076) and Harry Winston 
‚юла (40%) (Diavik Diamond Mine Inc., 2011; 
4 “011, р. 2), 
| Pia. и Mine completed its twelfth full year 
| in 2010. Ekati produced 2.89 Мег of diamond 
; fom4.85 Mt of ore. BHP Billiton | 
i A Шпоп Ltd. has an 80% controllin 
ownership in Ekati, which also is i h dp 5 
Ekati has cO iu IS In the Northwest Territories. 
| é aining reserves of 38.5 Mt of ore in 


mberlite pipes th; = ; 
eris ы S that contain 18.3 Met of diamond. BHP Billiton 


21% ofthe Е mine life to be 12 years. Approximately 
ай 2010 production is industrial-grade diamond 
2011, p. 10; Perron, 2011, p. 1). 
© бей by Taher nus Mine is in N 
iir hse 'атопа Corp. Tahera estimated Jericho 
85 cart dd puri to be about 5.5 Mt of ore grading 
experienced ee n 2008, the Jericho Diamond Mine 
Processing. “The fa problems related to ore mining and 
to the cost of Eds TR suffered financial problems owing 
operational cos, Porong Supplies to the mine site, high 
5 Nigh oil prices, and appreciation of the 
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Canadian dollar versus the U.S. dollar. All of these problems 
combined to force the company to enter into protection under 
Canada's "Companies! Creditors Arrangement Act" on 

January 16, 2008, and the mine suspended production on 
February 6, 2008. At yearend 2009, Tahera was finalizing 
arrangements to sell all of its Jericho Mine assets (Perron, 2011, 
p. 2). In July 2010, Shear Minerals Ltd. (now known as Shear 
Diamonds Ltd.) announced that it had entered into a purchase 
agreement with Tahera and Benachee Resources Inc. to acquire 
a 100% interest in the Jericho Diamond Mine, the mine's 
processing facilities, and all supporting exploration assets in the 
Kitikmeot region of Nunavut (Shear Minerals Ltd., 2010). Shear 
Minerals completed the acquisition of the Jericho Diamond 
Mine in August 2010 with the intention of bringing the mine 
back into production (Shear Minerals Ltd., 2011). 

The Snap Lake Mine, which is wholly owned by De Beers 
Canada Inc., is in the Northwest Territories. The Snap Lake 
deposit is a tabular-shaped kimberlite dyke rather than the 
typical kimberlite pipe. The dyke is 2.5 meters thick and dips at 
an angle of 12? to 15?. The deposit was mined using a modified 
room and pillar underground mining method in 2010. The Snap 
Lake Mine started mining operations in October 2007, reached 
commercial production levels in the first quarter of 2008, апа . 
officially opened on June 25, 2008. The mine was expected to 
produce 1.4 Mct per year of diamond, and the mine life was 
expected to be about 20 years. The mine's production for 2010 
was 926,000 carats for a recovered grade of 1.2 carats per metric 
ton (De Beers Canada Inc., 2011; Perron, 2011, р. 2-3). 

The Victor Mine, which also is wholly owned by De Beers 
Canada, is in northern Ontario on the James Bay coast. The 
Victor kimberlite consists of two pipes with surface area of 
15 hectares (37.1 acres). The Victor Mine initiated mining 
operations at yearend 2007 and was officially opened on 
July 26, 2008. The Victor Mine reportedly has 27.4 Mt of ore 
with average ore grade of 0.23 carat per metric ton estimated 
minable reserves. At full capacity, the open pit mine was 
expected to produce 600,000 carats per year, and the mine 
life was expected to be about 12 years. In 2010, the mine's 
production was 826,000 carats recovered from 2.67 Mt of ore 
(De Beers Canada Inc., undated; Perron, 2011, p. 3). 

South Africa. —Petra Diamonds Ltd. has operated the Kimberley 
Underground Mines under care-and-maintenance status since 2007. 
De Beers had closed the mines in August 2005. In September 2007, 
Petra Diamonds began the process of purchasing De Beers interests 
in the mines and began rehabilitating the deep underground 
diamond mines. Petra Diamonds purchased the Kimberley diamond 
operations from De Beers for $11 million, and Petra Diamonds was 
given approval to operate the mines under De Beers' licence. After 
completing the mine rehabilitation, Petra Diamonds reopened the 
underground mine in September 2010. Petra had been producing 
from tailings and stockpile for the previous few years. During the 
fourth quarter of 2010, Kimberley produced 25,000 carats grading 
0.14 carat per metric ton, and sold 17,300 carats at an average 
price of $285 per carat. The Kimberley Mines are 74% owned by 
Petra Diamonds and 26% by Sedibeng Mining (Pty) Ltd. Petra 
Diamonds estimated the Kimberley Mine's reserves to be 57.0 Mt. 
Kimberley's annual production was expected to be 100,000 carats 
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from the processing of 1 Mt per year of ore (Metals Economics 
Group, 2011, p. 15; Petra Diamonds Ltd., undated). 


Outlook 


As the domestic and global economy improves, Internet 
sales of diamonds, gemstones, and jewelry were expected to 
continue to expand and increase in popularity, as were other 
forms of e-commerce that emerge to serve the diamond and 
gemstone industry. Internet sales are expected to add to and 
partially replace “brick-and-mortar” sales. This is likely to take 
place as the gemstone industry and its customers become more 
comfortable with and learn the applications of new e-commerce 
tools, such as sales Web sites and online social networking Web 
sites (Dayrit, 2011). 

As more independent producers, such as Ekati and Diavik 
in Canada, come online they will bring a greater measure of 
competition to global markets that presumably will bring more 
supplies and lower prices. Further consolidation of diamond 
producers and larger quantities of rough diamond being sold 
outside DTC is expected to continue as the diamond industry 
adjusts to De Beers' reduced influence on the industry. 

More laboratory-created gemstones, simulants, and treated 
gemstones are likely to enter the marketplace and necessitate 
more transparent trade industry standards to maintain customer 


confidence. 
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TABLE 2 
LABORATORY-CREATED GEMSTONE PRODUCTION METHODS 


Gemstone Production method Company/producer Date of first production 
Alexandrite Flux Creative Crystals Inc. 1970s. 
Do. Melt pulling J.O. Crystal Co., Inc. 1990s. 
Do. do. Kyocera Corp. 1980s. 
Do. Zone melt Seiko Corp. Do. 
Cubic zirconia Skull melt Various producers 1970s. 
Emerald Flux Chatham Created Gems 1930s. 
Do. do. Gilson 1960s. 
Do. do. Kyocera Corp. 1970s. 
Do. do. Lennix 1980s. 
Do. do. Russia Do. 
Do. do. Seiko Corp. Do. 
Do. Hydrothermal Biron Corp. Do. 
Do. do. Lechleitner 1960s. 
Do. do. Regency 1980s. 
Do. do. Russia Do. 
Ruby Flux Chatham Created Gems 1950s. 
Do. do. Douras 1990s. 
Do. do. J.O. Crystal Co., Inc. 1980s. 
Do. do. Kashan Created Ruby 1960s. 
Do. Melt pulling Kyocera Corp. 1970s. 
Do. Verneuil Various producers 1900s. 
Do. Zone melt Seiko Corp. 1980s. 
Sapphire Flux Chatham Created Gems 1970s. 
Do. Melt pulling Kyocera Corp. 1980s. 
Do. Verneuil Various producers 1900s. 
Do. Zone melt Seiko Corp. 1980s. 
Star ruby Melt pulling Kyocera Corp. Do. 
Do. do. Nakazumi Earth Crystals Со. Deo. 
Do. Verneuil Linde Air Products Co. 1940s. 
Star sapphire do. do. Do. 
Do., do. Ditto. 
GEMSTONES | 5010 29.13 


TABLE 3 
ESTIMATED VALUE OF U.S. NATURAL GEMSTONE PRODUCTION, 


BY GEM TYPE! 


(Thousand dollars) 


Gem materials 2009 2010 
Beryl 918! 1,700 
Coral, all types 150 150 
Diamond (2) (2) 
Garnet 148 149 
Gem feldspar 858 693 
Geode/nodules 105 110 
Opal 225 189 
Quartz: о 
 Macrcrsalin? о 231 273 
Cryptocrystalline’ 216 208 
Sapphire/ruby 256 344 
Зе 713 821 
Тор 20--- (2) (2) 
Tourmaline 112 95 
Turquoise ~ 531 449 
Ог 4,850 4,840 
Total 9,310 ' 10,000 
Жей с ооо аса c 


| 
Data are rounded to no more than three significant digits; may not add to 
totals shown. 


"Less than и unit. 
3 | А 
Macrocrystalline quartz (crystals recognizable with the naked eye) includes 
amethyst, aventurine, blue quartz, citrine, hawk’s eye, pasiolite, prase, 
quartz cat’s eye, rock Crystal, rose quartz, smoky quartz, and tiger’s eye. 
4 А А А 
Cryptocrystalline quartz (microscopically small crystals) includes agate, 


carnelian, chalcedony, chrysoprase, fossilized wood, heliotrope, 
Jasper, moss agate, onyx, and sard. 
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TABLE 4 
PRICES PER CARAT OF U.S. CUT ROUND DIAMONDS, BY SIZE AND QUALITY IN 2010 


Carat Description, Clarity! Representative prices 
weight color? (GIA terms) January? June" December? 
0.25 G VSI $1,400 $1,400 $1,400 
Do. G VS2 | 1,300 1,300 1,300 
Do. G SII 1,200 1,200 1,200 
Do. H VSI 1,350 1,350 1,350 
Do. H VS2 1,250 1,250 1,250 
Do. H SII 1,150 1,150 1,150 
0.50 G У51 2,650 2,650 2,650 
Do. G VS2 2,200 2,200 2,200 
Do. G SII 1,900 1,900 1,900 
Do. H VSI 2,350 2,350 2,350 
Do. H VS2 2,150 2,150 2,150 
Do. H 511 1,800 1,800 1,800 
1.00 G VSI 6,400 6,400 6,400 
Do. G VS2 5,450 5,450 5,450 
Do. G SII 4,650 4,650 4,650 
Do. H VS! 5,300 5,300 5,300 - 
Do. H VS2 4,800 4,800 4,800 
Do. H 511 4,225 4,225 4,225 
2.00 С VS] 11,400 11,900 12,100 
Do. G VS2 10,900 11,200 11,500 
Do. G SII 8,800 8,800 9,100 
Do. H VSI 9,300 9,300 9,500 
Do. H VS2 9,000 9,000 9.100 
Do. H SII 8,000 8,000 8,250 
Do. Ditto. 


' Clarity: IF—no blemishes; VVS1—very, very slightly included; VS1—very slightly included; У52--уегу 
slightly included, but not visible; SI1—slightly included. 

"Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; G, H, I—traces of color. 
"Source: The Gem Guide, v. 29, no. 1, January/February 2010, p. 20-22. 

"Source: The Gem Guide, v. 29, no. 4, July/August 2010, p. 20-22. 

"Source: The Gem Guide, v. 29, no. 6, November/December 2010, p. 20-22. 
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TABLE 5 
PRICES PER CARAT OF U.S. CUT COLORED GEMSTONES IN 2010 
Price range per carat 

Gemstone January’ December’ 

Amethyst $10—25 $10-25 
Blue sapphire 900—1,650 950-1,800 
Blue topaz | 5—10 5-10 
Emerald 2,400—4,000 2,400-4,000 
Green tourmaline 50—70 50-70 
Cultured saltwater pearl? 5 5 
Pink tourmaline 70-150 70-150 
Rhodolite garnet 20-40 22-45 
Ruby 1,850—2,200 1,850-2,200 
Tanzanite 300-375 300-375 


'Source: The Gem Guide, v. 29, no. 1, January/February 2010, p. 48, 51, 
55, 59, 61, 63, and 66-69. These figures are approximate wholesale 
purchase prices paid by retail jewelers on a per stone basis for 1 to less 
than 1 carat fine-quality stones. 

?Source: The Gem Guide, v. 29, no. 6, November/December 2010, p. 50, 
53, 57, 61, 63, 65, and 68—71. These figures are approximate 

Wholesale purchase prices paid by retail jewelers on a per-stone basis for 
110 less than | carat fine-quality stones. 


"Prices are per 4.5-5-millimeter pearl. 


29.16 


—2010 
U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK 


TABLE 6 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL 


DIAMOND), BY COUNTRY ! 
2009 2010 
Quantity Value? Quantity Value? 
Country (carats) (millions) (carats) (millions) 
Exports: 
Australia 37,600 $21 33,000 $34 
Belgium 300,000 150 346,000 396 
Canada 46,600 70 52,000 87 
Costa Rica 8,470 2 9,430 2 
France 49,200 25 33,000 94 
Hong Kong 807,000 380 1,910,000 448 
India 962,000 477 1,300,000 825 
Israel 960,000 482 419,000 365 
Japan 17,800 5 3,400 9 
Mexico 504,000 79 561,000 84 
Netherlands 561 I 1,150 9 
Netherlands Antilles 10,600 23 12,700 34 
Singapore 31,200 I3 8,690 10 
South Africa 829 2 636 7 
Switzerland 152,000 146 147,000 177 
Taiwan 12,900 5 9,080 4 
Thailand 86,700 40 92,500 14 
United Arab Emirates 108,000 46 193,000 68 
United Kingdom 27,400 58 325,000 58 
Other 156,000 133 2,250,000 139 
Total 4,280,000 2,160 7,710,000 2,860 
Reexports: 

Armenia 1,670 (3) 1,880 (3) 
Australia 59,600 19 16,300 16 
Belgium 4,130,000 1,110 2,410,000 1,600 
Canada 139,000 127 143,000 144 
Dominican Republic 15,300 3 10,500 | 
Егапсе 80,800 43 47,900 78 
Guatemala 50,300 5 46,000 5 
Hong Kong ~ 3,220,000 1,190 4,340,000 1,820 
India 2,350,000 959 2,730,000 1,900 
Israel 6,940,000 2,750 4,390,000 4,110 
Japan 117,000 24 98,200 32 
Malaysia 9,860 1 2,480 2 
Межсо 2,990 2 5,780 1 
Singapore 193,000 50 65,500 24 
South Africa 66,500 55 29,300 45 
Switzerland 584,000 492 429,000 565 
Thailand 145,000 29 160,000 31 
United Arab Emirates 749,000 198 338,000 188 
United Kingdom 383,000 204 166,000 269 
Other 1,710,000 534 598,000 407 
Total 20,900,000 7,780 16,000,000 11,200 
Grand total 25,200,000 9,940 23,700,000 14,100 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
"Customs value. 


3 е55 than У unit. 


Source: U.S. Census Bureau. 
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TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY' 


ААА Аа 


Quantity Value? Quantity Value? 
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Kind, range, and country of ori gin (carats) (millions) (carats) (millions) 
Rough or uncut, natural:? 
clan p а с 2 


Angola 359,000 $48 67,000 $132 
Australia 17,700 2 8,060 1 
Botswana 88,100 35 81,500 68 
Brazil 443 (4) = 5 
Canada 27,300 32 35,300 43 
Congo (Kinshasa) 11,600 7 6,650 7 
Ghana 250 (4) 135 (4) 
Guyana 212 (4) 534 (4) 
India 32,700 | 12,900 1 
Namibia 10,000 6 7,450 9 
Russia 16,500 3 37,500 8 
South Africa 104,000 112 102,000 223 
Other 32,000 43 29,400 3l 
Total 700,000 289 389,000 524 

Cut but unset, not more than 0.5 carat: 
Belgium 344,000 127 281,000 106 
Canada 7,910 7 13,000 9 
China 25,800 18 37,500 21 
Dominican Republic 38,200 10 7,250 2 
Hong Kong 239,000 24 180,000 25 
India 5,760,000 1,150 — 7,310,000 1,560 
Israel 400,000 198 433,000 207 
Mauritius — 6,920 15 5.780 15 
_ Mexico ~~~ 65,900 10 92,300 21 
South Africa 1,780 10 9,440 13 
Thailand 60,800 17 93,400 14 
United Arab Emirates 153,000 30 77,100 17 
Other 57,400 39' 63,900 49 
NEC ~~~ 7,160,000 1,650 8,610,000 2,060 

Cut but unset, more than 0.5 carat: 

Belgium 640,000 2.130 706,000 2,900 
Canada 20,200 60 23,300 83 
Hong Kong m 26,800 76 42,200 102 
а Жекен 1,110,000 1,930 1,900,000 3,610 
с еен 1,670,000 5,350 2,000,000 7,530 
MEXICO 1,810 3 1.250 | 
Russia . 57,800 137 25,300 98 
South Africa 34,700 533 63,000 892 
Switzerland 23,500 238 11,300 391 
аала | 3,980 9 5,910 13 
Unite Arab Emirates 33,900 60 10,100 42 
стан Е 53,200 256 73,800 343 
3,670,000 10,800 4,860,000 16,000 


"Revised. -- Zero. 


1 
Data are rounded to no more than 
^Customs value. 


*Includes Some natural a 
‘Less than % unit. 


Source: U.S. Census Bureau. 


dvanced diamond. 
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three significant digits; may not add to totals shown. 
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TABLE 8 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 


DIAMOND, BY KIND AND COUNTRY! 


See footnotes at end of table. 


2009 2010 
Quantity Value? Quantity Value? 
Kind and country (carats) (millions) (carats) (millions) 
Emerald: 
Belgium 1,980 $1 1,340 (3) 
Brazil 500,000 7 120,000 $7 
Canada 434 (3) 4 (3) 
China 4,150 (3) 13,800 I 
Colombia 314,000 120 406,000 131 
France 315 2 1,480 2 
Germany 8,470 2 54,000 2 
Hong Kong 334,000 23 246,000 17 
India 2,410,000 18 1,810,000 37 
Israel 181,000 20 172,000 17 
Italy 2,380 1 2,880 (3) 
Switzerland 7,980 8 6,290 13 
Thailand 292,000 8 487,000 10 
United Kingdom 356 1 1,550 2 
Other 38,000 3 89,400 15 
Total 4,090,000 214 3,410,000 254 
Ruby: 
Belgium 10 (3) 16 (3) 
China 2,100 (3) 19,200 (3) 
France 37 (3) 1,730 (3) 
Germany 8,370 (3) 10,900 (3) 
Hong Kong 420,000 l 201,000 | 
India 2,500,000 2 2,310,000 6 
Israel 5,560 l 22,300 G) 
Italy 1,330 (3) 4,300 (3) 
Kenya 16,700 (3) 1,810 (3) 
Sri Lanka 2,020 1 3,800 (3) 
Switzerland 933 3 129 2 
Thailand 1,750,000 14 1,880,000 22 
United Arab Emirates 64 2 210 (3) 
Other 179,000 13 168,000 11 
Total 4,880,000 37 4,630,000 42 
Sapphire: 
Australia 2,340 (3) 1,190 (3) 
Austria 472 (3) 3,380 (3) 
Belgium 283 | 2,420 1 
China 122,000 | 56,700 3 
Dominican Republic 600 (3) = Е 
Germany 33,200 5 123,000 4 
Hong Kong 610,000 13 536,000 9 
India 2,140,000 6 2,570,000 20 
Israel 9,780 1 19,300 2 
Italy 15,000 1 5,440 1 
Singapore 3,010 (3) = = 
Sri Lanka 240,000 31 309,000 66 
Switzerland 14,700 14 13,700 20 
Thailand 1,730,000 48 2,630,000 78 
United Arab Emirates 2,530 2 319 (3) 
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TABLE 8— Continued 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 


DIAMOND, BY KIND AND COUNTRY 


2009 


2010 
Quantity Value? Quantity Value? 

Kind and country (carats) (millions) (carats) (millions) 
Sapphire—Continued: 

Other 68,200 $3 44,800 $8 

Total 4,990,000 127 6,320,000 214 

Other: 
Rough, uncut, all countries NA 8 NA 15 
Cut, set and unset, all countries NA 29 NA 32 


МА Not available, -- Zero. 
! Data are rounded to no more than three si 
Customs value. 


3Less than % unit. 


gnificant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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TABLE 9 


VALUE OF U.S. IMPORTS OF LABORATORY-CREATED 


AND IMITATION GEMSTONES, BY COUNTRY"? 


(Thousand dollars) 


Country 
Laboratory-created, cut but unset: 

Austria 
Brazil 
Canada 
China 
Czech Republic 
France 
Germany 
Hong Kong 
India 
Italy 
Japan 
Korea, Republic of 
Netherlands 
Sri Lanka 
Switzerland 
Taiwan 
Thailand 
United Arab Emirates 
Other 

Total 

Imitation:? 

Austria 
Brazil 
China 
Czech Republic 
France 


Germany 
Hong Kong 
India 
Italy 
Korea, Republic of 
Taiwan 
Thailand 
. United Kingdom 
Other 
Total 
-- Zero. 


284 
11,100 
455 
2,180 
95 


3,390 
29,500 


47,100 
2 
13,300 
5,080 
566 
358 


208 
67,200 


5,700 
118 
232 

10,100 
549 
9,870 
78 

25 


2,050 
32,300 


51,400 


13,300 
5,070 


406 
71,700 


‘Data are rounded to no more than three significant digits; may not 


add to totals shown. 
"Customs value. 
*Includes pearls. 


Source: U.S. Census Bureau. 
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TABLE 10 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES! 


(Thousand carats and thousand dollars) 


2009 2010 
Т I мешана а. сы ы ш 
Stones Quantity Value? Quantity Value? 
Coral and similar materials, unworked 4,430 10,500 5,760 12,000 
mee erem СНУ ОКО _ 


Diamonds: 
Cut but unset 10,800 12,400,000 ' 13,500 18,100,000 
Rough or uncut 700 289,000 389 524,000 
Emeralds, cut but unset 4,090 214,000 3,140 254,000 
Pearls: 
Cultured NA 26,900 NA 15,800 
Imitation NA 4,150 NA 5,100 
Natural NA 21,100 NA 22,900 
Rubies and sapphires, cut but unset. 7” 9,880 164,000 10,900 256,000 
Other precious and semiprecious stones: 
Rough, uncut 1,080,000 15,000 1,400,000 30,700 
Cut, set and unset NA 247,000 NA 276,000 
Өег 91,100 11,600 78,100 11,300 
Laboratory-created: 
Cut but unset 8.730 29.500 6,800 32,300 
Other NA 8,240 NA 14,600 
Imitation gemstone? NA 67,200 NA 66,600 
NL а 000. . "13500000 € 4 son 


1,200,000 13,500,000 " 1,520,000 19,600,000 
'Revised. NA Not available. 


| pe Е 
Data аге rounded to по more than three significant digits; may not add to totals shown. 
"Customs value. 


*Does not include pearls. 


Source: U.S. Census Bureau. 
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Country and type" 
Gemstones: 
Angola 
Armenia 
Australia 
Botswana" 
Brazil 
Canada 
Central African Republic" 
China* 
Congo (Kinshasa) 
Côte d'Ivoire 
Ghana 
Guinea 
Guyana 
Lesotho 
Namibia 
Russia* 
Sierra Leone 
South Africa" 
Tanzania‘ 
Venezuela" 
Zimbabwe" 
Other 
Total 
Industrial: 
Апроја“ 
Australia 
Botswana" 
Brazil 
Central African Republic" 
China* 
Congo (Kinshasa) 


Côte d'Ivoire" 

Ghana 

Guinea 

Russia* 

Sierra Leone 

South Africa* 

Tanzania* 

Venezuela‘ 

Zimbabwe* 

Other’ 
Total 

| Grand total 


"Estimated. 'Revised. -- Zero. 
' World tot 


?Table Inc 


3 42% 
In addition to the countries listed, Ni 
diamond, respectively, 


GEMSTONES — 2010 


шы, и 


ТАВГЕ 11 
. NATURAL DIAMOND: WORLD PRODUCTION, BY COUNTRY AND TYPE 


(Thousand carats) 


2006 


8,258 
184 
7,305 
24,000 
181 
13,278 
340 


70 
93,900 ' 


918 
21,915 
8,000 
600 

85 


70 
900 
67 


81,300 ' 
175,000 : 


2007 


8,732 
123 
231 

25,000 
182 
17,144 
370 


454 

2,266 

23,300 

362 

6,100 

239 

45 

100 
75" 
92,300 ' 


970 
18,960 
8,000 
600 

93 

970 
22,600 


70 

600 
84° 
71,700" 


170,000" 


2008 


8,016 
101 
273 

25,000 
182 
14,803 


302 ^5 


478 
2,500 
169 
450 * 
2,435 
21,925 ? 
223 
5,200 
202 
45 
100 
121! 
86,800 ' 


900 
15,397 
8,000 
600 
745 
1,000 
16,700 


15,000 

149 

7,700 
36 ' 

70 

700 
145 ' 
67,200 ' 
154,000 ' 


- 2009 


12,445 
50 


220 ^* 


24,000 


200 ^? 


10,946 


249 *? 


100 
3,700 ' 


r 


301! 
557! 
144 
450 * 
1,192" 
17,791 ? 
241 ' 
2,500 ' 
155! 
45 
100 
79! 
75,500" 


1,383 "5 


10,700 
7,000 
600 


6255 


1,000 
14,600 " 


Г 


75 ' 
139" 

15,000 
160" 
3,600 ' 

27 

70 
850" 
115! 
55,400 ' 
131,000 ' 


1,2,3 


2010 


12,500 * 

50 * 

100 * 
25,000 
200 
11,773 
250 


50 
70 
79,900 


1,300 

9,900 

7,000 

600 

60 

1,000 

22,200 
75 * 

130 

15,000 
160 * 

5,400 

14 

70 

800 

118 

63,800 

144,000 


als and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
ludes data available through June 2, 2011. 


geria and the Republic of Korea produce natural diamond and synthetic 
but information is inadequate to formulate reliable estimates of output levels. 
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TABLE 11—Сопипиеа 
NATURAL DIAMOND: WORLD PRODUCTION, BY COUNTRY AND TYPE'?? 


"Includes near-gem and cheap-gem qualities. 


"Reported figure. 
*Includes Cameroon, Congo (Brazzaville), Gabon (unspecified), India, Indonesia, Liberia, and Togo (unspecified). 
"Includes Congo (Brazzaville), India, Indonesia, and Liberia. 


29.24 


00 
U.S. GEOLOGICAL)SURVEY MINERALS YEARBOOK 


GERMANIUM 
By David E. Guberman 


The table was prepared by Robin C. Kaiser, statistical assistant. 


In 2010 in the United States, germanium-bearing concentrates 
were produced at a zinc mine in Alaska owned by Teck 
Resources Ltd. (Vancouver, British Columbia, Canada). The 
germanium-bearing concentrates were exported to Canada for 
processing or directly to customers in Asia and Europe. Two 
refineries in New York and Oklahoma produced germanium 
dioxide, germanium metal, and germanium tetrachloride from 
manufacturers" scrap, post-consumer scrap, and processed 
imported germanium compounds. 

Germanium is a hard, brittle semimetal that first was used about 
a half century ago as a semiconductor material in radar units and 
as the material for the first transistors. Today, it is used principally 
as a polymerization catalyst for polyethylene terephthalate (PET), 
acommercially important plastic; as a component of glass in 
telecommunications fiber optics; as a lens or window in infrared 
night-vision devices; and as a semiconductor and substrate in 
electronic circuitry and solar cells. 


Legislation and Government Programs 


_ Asa strategic and critical material, germanium was included 
in the National Defense Stockpile in 1984. The Defense 

Logistics Agency, DLA Strategic Materials (formerly Defense 
National Stockpile Center) reported that there were no 

germanium metal sales in 2010 compared with 68 kilograms 

(kg) in 2009. Germanium was last sold in February 2009 at an 
average price of $1,331 per kilogram. As of December 3 1, 2010, 
the total inventory of germanium metal held by the DLA was 
16,362 kg valued at $17.3 million. 

During fiscal year 2010 (October 1, 2009, through September 
30, 2010), the DLA did not sell any units of germanium metal. 
The DLA announced that beginning June 1, germanium would 
be offered on a quarterly basis instead of monthly as it had in the 
у The Annual Materials Plan for fiscal year 2011 (October 1, 

0, through September 30, 2011) did not allocate for sale any 


germanium metal (Defense Logistics A ency, DLA S i 
| ' trat 
Materials, 2010; 2011). i іше me 


Production 


ami stages of the germanium production process 

specific ш compounds and metals that are associated with 

fie sc - lons. Germanium IS initially recovered from 

ы а residues or coal ash and the subsequent 

concentrates ora germanium concentrate, All germanium 

ofthe шо using similar techniques, regardless 

Б chlorinated : : concentrates. The concentrated germanium 

germanium te a : Istilled to form the first usable product, 

ised as a reage к vu а colorless liquid that is primarily 

tetrachloride can E ber-optic cable production. Germanium 

dioxide, anoth ¢ hydrolyzed and dried to produce germanium 
“T commonly used compound. Germanium 


GERMANIUM—2919 


ic 


dioxide appears as a white powder and is used to manufacture 
certain types of optical lenses and as a catalyst in the production 
of PET resin. Germanium dioxide can be reduced with hydrogen 
to produce a germanium metal powder, which is subsequently 
melted and cast into first-reduction bars. The germanium bars 
are then zone-refined (a refining process that involves melting 
and cooling germanium bars to isolate and remove impurities 
and ultimately yield extremely pure germanium) to produce 
electronic-grade germanium metal. Zone-refined germanium 
metal can then be grown into crystals and sliced for use as 
semiconductors or recast into forms suitable for lenses or 
window blanks in infrared optical devices. 

In 2010, germanium was not recovered from zinc 
concentrates or coal in the United States. Domestic refinery 
production of germanium was estimated by the U.S. Geological 
survey (USGS) based on data provided by North American 
producers. The USGS estimated that U.S. refinery production 
of germanium metal from imported primary material and 
germanium compounds was about 9,300 kg. Domestic refinery 
production of germanium metal recovered from end-of-life 
products, such as decommissioned military vehicles and thermal 
weapons sights, was estimated to be about 3,000 kg in 2010. 

Teck Alaska Inc. (a wholly owned subsidiary of Teck 
Resources) produced germanium-containing zinc concentrates 
at its Red Dog zinc-lead open pit mine in Alaska. Approximately 
25% of the zinc concentrate produced at Red Dog was sent to 
Teck's metallurgical complex in Trail, British Columbia, Canada. 
Residues from zinc concentrates were treated in roasters Or 
pressure-leach facilities and purified to produce germanium 
dioxide, germanium tetrachloride, and other byproduct metals. 
Teck reported that zinc and lead concentrate production at Red 
Dog in 2010 was less than that of 2009 owing to a decrease in 
mill feed grades (Teck Resources Ltd., 201 l, p. 32-34). 

In 2010, Umicore Optical Materials USA Inc. (a subsidiary 
of Umicore s.a., Brussels, Belgium) continued production of 
germanium metal and compounds at its plant in Quapaw, OK 
and remained the leading domestic producer of germanium | 
апа germanium-base materials. Umicore recovered and refined 
germanium from industry-generated new Scrap and from imported 
germanium compounds. The Quapaw facility refined the material 
into germanium tetrachloride, germanium metal, and proprietary 
[chalcogenide glass (GASIR®)] lenses, which were designed for 
large-scale commercial and military infrared optical systems. In 
2010, construction work was completed on a new germanium 
substrate plant in Quapaw that was expected to nearly double 
Umicore's global wafer production capacity to about 1 million 
substrates (10 centimeter diameter) per year. The 3,720-square- 
meter plant was modeled after Umicore's germanium substrate 
facility in Olen, Belgium, and was built adjacent to Umicore's 
existing operations in Quapaw. The company expected global 
demand for germanium substrates used in solar cells and 


light-emitting diodes (LEDs) to increase significantly during the 
next several years (Umicore s.a., 2010c; 2011, p. 26). 

Germanium Corp. of America (a subsidiary of Indium Corp. 
of America, Clinton, NY) produced germanium products, 
including germanium dioxide, germanium metal, and 
germanium tetrachloride at its facility in Utica, NY. 

In May 2009, Nyrstar N.V. (Balen, Belgium), a leading global 
zinc and lead producer, announced that it had acquired the idled 
Middle Tennessee zinc mining complex near Gordonsville, TN, 
from Mid-Tennessee Zinc Corp. for about $13.3 million. The 
complex consisted of zinc mines in Cumberland, Elmwood, 
and Gordonsville, TN, which had historically produced zinc 
concentrates containing germanium and gallium. Nyrstar also 
owned the Clarksville, TN, smelter, which was originally 
built to treat concentrates from the Middle Tennessee zinc 
mining complex, and the mine complex was expected to be an 
important source of concentrate for the Clarksville zinc smelter. 
Nyrstar began ramping up production at the mines in 2010 
and by yearend, the Middle Tennessee Mines were operating 
at about 35% of total production capacity, producing 13,000 
metric tons (t) of zinc in concentrate. Nyrstar expected to have 
the mines operating at full capacity in early 2011. Nyrstar had 
not publicly released details of plans to recover germanium from 
zinc residues by yearend 2010 (Nyrstar N.V., 2011, p. 13). 


Consumption 


The USGS estimated that domestic apparent consumption 
of germanium increased by about 3% to 40,000 kg in 2010 
from 38,800 kg in 2009 (revised) owing to increased demand 
for germanium for use in electronic, fiber-optic, infrared-optic, 
and solar-cell applications. Worldwide, the end-use pattern of 
germanium was estimated to be as follows: infrared optics, 30%; 
fiber optics, 2096; catalysts for PET, 20%; electronics and solar 
applications, 1596; and other uses (such as phosphors, metallurgy, 
and chemotherapy), 1576. The domestic end-use pattern, however, 
was different, with infrared optics accounting for 5 0%; fiber 
optics, 30%; electronics and solar applications, 15%; and other 
uses (phosphors, metallurgy, and chemotherapy), 5%. Germanium 
was not used in PET catalysts in the United States. 


| imaging Systems are 
different from other types of "low light" vision Systems in that 


they are not adversely affected by the presence of light, so the 

can be used day or night. It was estimated that about 60% of à 

lower- and midrange infrared-optical systems and 50% of all 

high-end devices used lenses made from germanium crystals 
According to the most recent data available, the Sales value of 
maging market was est; 

about $6.6 billion. Military and other government арно 10 Бе 

represented 88% of this market, with commercial applications 
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accounting for the remaining 12%. All branches of the military 
continued to rely heavily on infrared devices for around- 
the-clock force protection and intelligence, surveillance, and 
reconnaissance (ISR) as well as target acquisition applications on 
multiple platforms. Products used by the military typically range 
in price from under $10,000 for hand-held and weapon-mounted 
systems to more than $1 million for advanced stabilized targeting 
systems. The majority of infrared imaging systems use cooled 
technology to identify objects from long distances: however, 
uncooled thermal imaging systems were growing rapidly in 
certain markets such as weapon sights, hand-held monoculars/ 
binoculars, military vehicles, and unmanned aerial vehicles, These 
devices are substantially smaller and more lightweight than their 
cooled counterparts because they operate at ambient temperatures 
while retaining their sensitivity to infrared light. Air-, land-, 
and sea-based vehicles were routinely equipped with multiple 
infrared systems that allowed soldiers to perform a variety of 
combat-related functions in even the most adverse battlefield 
conditions. A typical ground transport vehicle might be outfitted 
with separate infrared imaging systems for driver and observer's 
vision enhancers, weapons sights, and roof-mounted imaging 
systems that perform long-range scans in search of improvised 
explosive devices. A leading domestic producer of infrared 
devices for military use reported a reduction in procurement | 
activity by the U.S. Government in 2010 compared with that in 
2009 (FLIR Systems, Inc., 2011, p. 41). 

Many of the thermal imaging manufacturers have made 
efforts to enter the commercial market to pursue growth 
opportunities that are expected in the near future. As the cost of 
infrared imaging technology has declined, demand has increased 
in markets such as airborne law enforcement, automotive | 
night-vision, commercial security, firefighting, and recreational 
marine applications. Hand-held thermal imaging systems that 
can detect and measure small temperature differences were used 
for a variety of commercial and industrial applications, such 
as predictive and preventive maintenance. A leading thermal 
imaging device manufacturer reported that its revenue from 
commercial vision systems increased at a compound annual rat 
of 25% from 2005 to 2009 (FLIR Systems, Inc., 2010, p. 1} 

Fiber Optics.—In the fiber-optics sector, germanium 
tetrachloride is converted to germanium dioxide and used as 8 
dopant (a substance added in small amounts to the pure silica 
glass core to increase its refractive index, preventing signal 
loss while not absorbing light) within the core of optical fibers. 
In 2010, an estimated $300 billion of capital expenditure : 
was dedicated globally to construction and improvements 0f 
telecommunication infrastructure. Growth areas that utilize 
fiber-optics to meet increasing demand for more bandwidth 
included enterprise data-storage applications, fiber-to-the- 
home (FTTH) installations, and wireless communications 
networks. Demand for fiber-optic cable in North America 
has been increasing at a slower rate during the last couple А 
of years compared with that of 2008, reflective of an E 
reduction in business activity owing to the global financia Е 
slowdown. In September 2010, the Fiber-to-the-Home е 
estimated that about 20 million homes in North America n 
FTTH connectivity available at the premises compared wi 
17.2 million in September 2009. Producers of germanium 
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іні tetrachloride for fiber optics and fiber-optic cable producers 
lit indicated that sales volumes іп 2010 were slightly greater than 
Wi those in 2009. A leading manufacturer of fiber-optic cable 
щу indicated that net sales for their telecommunications segment in 
tm 2010 were greater than those in 2009 owing to increased sales of 
Ин enterprise network products and optical fiber and cable in North 
iti: America and Europe that were offset somewhat by declining 
Wis sales of fiber-to-the-premises products and optical fiber and 
wsk cable products in Asia (Fiber-to-the-Home Council, 2010; 
wg: Coming Inc., 2011, р. 32). 
Mm Solar Cells.—The use of germanium as a substrate in the 
Wk production of solar cells is segmented into two markets— 
№: space-based applications and terrestrial installations. Demand 
Ша Гог satellites has increased steadily from 2007 to 2010 owing to 
Ци demand for commercial, military, and scientific applications. It 
із was estimated that about 400,000 germanium substrates were 
ui consumed each year for space-based applications, and the majority 
еш ofall satellites were powered by germanium-based solar cells. 
wt Germanium substrates were smaller in size and weight, more 
raz efficient at converting light into energy, and provided greater 
ші power output than the most common alternative substrate, silicon. 
іт Germanium substrates constitute the building blocks of multilayer 
fs (often referred to as multijunction) solar cells. Ultrathin layer 
ші Combinations of materials, such as gallium, indium, phosphide, and 
ін gallium arsenide, are "grown" on top of the germanium substrate, 
each capturing a specific part of the solar spectrum and converting 
y; tinto electricity. The solar energy conversion efficiency of these 
Ж multijunction cells was typically greater than 25%. Currently, triple- 
; Junction cells are most common, but technological advancements 
(в have allowed for multijunction cells to combine more layers and 
> Junctions onto опе cell, increasing performance capabilities. In 
ш late 2010, Spectrolab Inc. (a subsidiary of The Boeing Co.), in 
g Sylmar, CA, produced its 3 millionth multijunction space-based 
м Olar cell. In 2010, the company provided the NASA Jet Propulsion 
g Laboratory with panels containing germanium-based multijunction 
i solar cells for the first mission to Jupiter powered by solar cells. 
The company began adapting space-based solar technology 
p _lorterrestrial applications in 2001 and has been able to convert 
j Concentrated sunlight to electricity at efficiencies as great as 41.6%. 
; 112010, Spectrolab expected to deliver 50 megawatts (MW) of 
y Solar cells to terrestrial-based solar cell customers and expected 
< that number to triple in 2011 (Spectrolab Inc., 2010; Umicore s.a., 
; 00s p. $2), 
; | 152. manufacturers of germanium substrates, 
2. a cells, and solar systems have focused capital 
5 "A Pa. ed efforts on the emerging terrestrial 
qe eie Е Пе Is fairly widespread agreement that 
, а ес КӘРІ power generation and other sources 
' 5. nergy will continue to increase during the next 
| о ades, multiple solar cell technologies will compete 
| Portion of the solar power market. The multijunction 
. Solar cells that use germanium substrat ae 
layers are ЫШ шо Jostrates and germanium 
other technologies ш} expensive to manufacture than 
| Silicon, ог copper-indiu + if Е ene 2. 
butare considerably m Il lium diselenide thin-film cells, 
Шиш: ЯУ More efficient at converting solar 
| BY шо electricity so fewer cells are required i 
0 Produce equivalent amounts of о 
S ОГ power. To obtain the most 


energy possible fro ij 
m each multijunction cell in a solar 
anel 
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concentrator photovoltaic (CPV) technology is used. A | 
concentrator system uses optics (mirrors or lenses) to focus 
high concentrations of direct sunlight onto the solar cells. 

The lenses or mirrors concentrate sunlight hundreds of times. 
before it reaches the solar cell, making each cell more efficient. 
Concentrating panels must receive direct sunlight to operate so 
CPV installations are limited to geographic regions that receive 
proper levels of sunlight. CPV systems typically require tracking 
systems that allow the solar panels to follow the Sun’s path 
during the day. CPV systems are marketed to the large-scale 
power generation industry and not considered a feasible solar 
power option for private homeowners. 

As of 2009, CPV installations in China, Europe, and North 
America had about 24.5 megawatts (MW) of electrical 
generating capacity. By yearend 2009, new CPV projects 
under development in the United States were expected to 
increase electrical generating capacity by about 17 MW. It 
was estimated that, in current CPV installations, 1 MW of 
solar power generation capacity required about 10 kg of 
germanium contained in 1,500 substrates. Multijunction solar 
cells have continued to become a viable option for use in 
large-scale concentrated solar power projects because their 
energy conversion efficiencies have been increasing at a rate 
of about 1% per year during the past decade. The Federal 
Government has also been actively involved in advancing 
solar energy technologies, including CPV systems. The U.S. 
Department of Energy (DOE) Solar Energy Technologies 
Program (SETP) was aggressively funding a diverse set of 
photovoltaic (PV) technologies that had potential applications | 
in a range of different markets. Through its primary research 
and development efforts, the PV subprogram’s goal was for 
PV technology to achieve grid parity (the point at which the 
cost of generating electricity using alternative technologies 
such as solar power is at least equal to the cost of generating 
electricity from conventional sources such as burning coal) by 
2015. In 2010, the DOE was also ramping up its concentrating 
solar power (CSP) research, development, and deployment 
efforts. The DOE's goals included increasing the use of CSP in 
the United States, making CSP competitive in the intermediate 
power market by 2015, and developing advanced technologies 
that would reduce systems and storage costs, enabling CSP to be 
competitive in the baseload power market by 2020. Separately. 
Emcore Corp. (Albuquerque, NM) was collaborating with the | 
National Renewable Energy Laboratory and the 0.5. Air Force 
Research Laboratory to develop new advanced multijunction 
solar cells that could achieve greater conversion efficiencies 
than existing multijunction cells. These new inverted 
metamorphic multijunction cells were built using a different 
manufacturing process where the layers oft 


he semico 

| nductor 
66 

were grown “upside down” on the germanium substrate so that 


the top layer of the cell is grown on the bottom of the stack 
closest to the substrate. When completed, the cell j 
from the germanium substrate and encapsulated. T 
allows for higher quality development of the Шом 
ж of the solar cell, the top layer, and had the po 
achieve energy conversion efficiencies of 509, ` 

(Umicore s.a, 2010b, p. 5; Emcore Corp., ы P 2. 
2011, p. 9; U.S. Department of Energy, 2011). ^ 717 


S removed 
he process 
important - 
tential to 
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Electronic Components.—Germanium substrate consumption 
for production of high-brightness LEDs used in such devices 
as automobile taillights, cameras, flashlights, mobile telephone 
display screens, televisions, and traffic signals increased in 2010 
compared with that in the previous year. In electronics, silicon 
germanium (SiGe) components have replaced gallium arsenide 
in some high-tech products, such as components for cellular 
telephones. In high-speed wireless telecommunications devices, 
SiGe transistors can attain greater switching speeds and require 
less power than traditional, silicon-base components, increasing 
overall performance. In 2010, Samsung Electronics Co., Ltd. 
(Seoul, Republic of Korea) announced plans to produce phase 
change memory modules made from an alloy of antimony, 
germanium, and titanium that could potentially boost battery 
life in mobile devices by as much as 20% compared with 
the current flash memory technology used in those devices. 
SiGe-base microchips were also used in radar Systems for 
automobiles to increase driving safety. Known as radar-on- 
chip-for-cars technology, these devices are capable of alerting 
drivers of impediments that are in the path of the vehicle in 
order to prevent potential accidents. A joint research cooperation 
project, supported by a financial grant from the German Federal 
Ministry of Education and Research, was launched in mid-2009 
to advance this technology and make it available in all vehicle 
classes. Several automobile manufacturers and suppliers 
Were working with semiconductor manufacturer Infineon 
Technologies AG (Neubiberg, Germany) on this project to 
develop new, cost-effective SiGe-chip-based automotive radar 
systems (Infineon Technologies AG, 2009; PC Magazine, 2010). 

Polymerization Catalysts. —Outside the United States, 
estimates indicated that germanium dioxide used as a catalyst 
for PET production has declined since 2007. Japan continued 


24% to $720 per kilogram by yearend. The free 
for germanium metal began the year at $940 pe 
increased by 28% to $1 „200 per kilogram by yearend 2010. 
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Based on DLA Strategic Materials reports, the unit price of 
zone-refined germanium metal in inventory that was authorized 
for disposal as of December 2010 was $1 ‚057 per kilogram, 


Foreign Trade 


According to the U.S. Census Bureau, imports for 
consumption of germanium metal (wrought, unwrought, and 
powder) decreased by 8% to 27,000 kg in 2010 from 29,400 kg 
in 2009. Decreased imports from Belgium, Canada, and Russia 
outweighed increases from China. In 2010, China, Russia, and 
Germany, in descending order of quantity, accounted for 93% 
of germanium metal imported into the United States (table 1), 
The estimated germanium content of the germanium dioxide 
imported in 2010 was about 17,700 kg compared with 27,500 
kg (revised) in 2009. Canada accounted for about 66% of total 
germanium dioxide imports in 2010. 

Domestic exports of germanium metal and articles thereof 
including waste and scrap, were 8,000 kg in 2010, based on an 
analysis of trade data from the U.S. Census Bureau. Belgium, 
Canada, and Russia accounted for the majority of germanium 
exported from the United States in 2010. The estimated 
germanium content of germanium dioxide exported from the 
United States in 2010 was less than 100 kg. 


World Review 


In 2010, the world’s total production of germanium was 
estimated to be between 100 and 120 t. This comprised 
germanium recovered from zinc concentrates, fly ash from 
burning coal, and recycled material. The recycling level 
remained about the same as that in 2009 and supplied about 
30% of the world’s total supply of germanium. Owing to the 
value of refined germanium, new scrap generated during the 
manufacture of fiber-optic cables, infrared optics, and substrates 
is typically reclaimed and fed back into the production Ма 
Recycling of germanium recovered from used materials, a | 
fiber-optic window blanks in decommissioned military vehicle 
or fiber-optic cables, has increased during the past decade. 
Worldwide, primary germanium was recovered from id 
or zinc residues or from coal in Canada (concentrates shippe 
from the United States), China (multiple sources), Finland , 
[concentrates from Congo (Kinshasa)], and Russia (lignite is 
from Sakhalin). The vast majority of germanium production 
concentrated in Canada and China. | 

Many germanium-related projects that were in n 
or early development stages in 2008 when germanium E. 
were at elevated levels were halted or delayed in 2009 жен 
prices declined. Some germanium producers reduced pro и 
in early 2009 to avoid stockpiling material that оти 
difficult to sell ір a surplus market. As a byproduct metal, 
Supply of germanium was heavily reliant on zinc production, 
Which declined on a global basis in 2009 owing to pr ЮР E 
declines and global economic conditions. Market ше» И 
for germanium remained relatively stable during the first si 
quarters of 2010, and most potential production Hle 
Put on hold. Demand appeared to strengthen during the ЕТ 
quarter of the year, and prices increased during that time р 
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as readily available supplies became tighter than they had been 
in the earlier parts of the year. 

European Union.—The European Union (EU) has become - 
more concerned about the security of its raw materials supply 
during the past several years and has initiated analysis of 
minerals and materials that were expected to have increased 
economic and technological value in the future. In June, the 
European Commission (EC) included germanium in a list of 
|4 raw materials of critical concern for members of the EU 
owing to their expected economic importance and relative 
supply risk and provided policy-oriented recommendations to 
ensure access to these resources in the future. À working group 


. established by the EC analyzed 41 metals and minerals and 
. concluded that 14 of them could be termed critical for the EU 


supply during the next 10 years based on each material's level 
of production, recycling rate, and the availability of substitutes. 
Many of the materials on the list were considered supply risks 
owing to global production being highly concentrated in a 

single country. The study indicated that Brazil, China, Congo 


· (Kinshasa), and Russia were producing a significant portion of 


the [4 raw materials that were considered critical. The working 
group suggested policy actions for the EU to follow in order to 
avoid potential shortages of the critical materials in the future. 
Recommendations included policy actions that would encourage 
the substitution of noncritical materials for critical ones if 
possible, improve the recycling rates for raw materials, and 
promote exploration and research (Metal Bulletin, 2010). 
Belgium.—Umicore produced germanium metal, germanium 
tetrachloride for fiber optics, germanium substrates, and 
germanium optical products at its refining and recycling plant 
in Olen. The company also operated an electro-optic materials 
research and design facility in Olen. Umicore’s substrate 
manufacturing facility had the capacity to produce about 
600,000 germanium substrates (100 millimeters in diameter) per 
year. In 2010, Umicore's Electro-Optic Division reported that 
sales Volumes of germanium substrates had increased compared 
with those of the previous year. Demand had increased for 
sermanium substrates used in space- and terrestrial-based 
ао and for use in LEDs. The company reported that 
өрен for optics from government-sponsored programs was 
ve y weak during 2010. Sales volumes of germanium 


_ tetrachloride were relatively unchanged in 2010 compared 


Sus in the previous year and were primarily driven by 
| Optic network projects in China (Umicore 5.а., 2011, p. 


emet metallurgical complex operated by Teck in 
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metals eine metal plants that produced byproduct 
ttn one of the 5 d and indium. Teck has historically 
Teck did not dieci ng germanium producers іп the world. 
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Teck had curtailed zinc production at Trail in 2009 in response 
to the deteriorating market conditions for zinc. It was not known 
what effect, if any, this reduction in zinc production had on 

the level of germanium production in 2009. Based on trade 

data published by the Canadian Government, Canada exported 
about 29,400 kg of germanium contained in germanium dioxide 
in 2010 compared with about 36,000 kg in 2009 (revised). 

The leading destinations, in order of importance, of exported 
germanium dioxide were the United States, 38%; Japan, 28%; 
North Korea, 1696; and the Republic of Korea, 1496 (Statistics 
Canada, 2011; Teck Resources Ltd., 2011, p. 35). 

In March, 5N Plus Inc. (Montreal, Quebec), a producer and 
provider of high-purity metals and compounds for electronic 
applications, announced that its wholly owned subsidiary 
[Firebird Technologies Inc. (Trail, British Columbia)] had entered 
into a long-term supply agreement with Teck for germanium 
and indium feedstocks. Under the terms of the agreement, Teck 
was to provide a long-term stable supply of germanium and 
indium for Firebird to process into downstream products such 
as semiconductor wafers, semifinished optics, and high-purity 
metals and compounds. In June, 5N Plus entered into a supply 
agreement with Sylarus Technologies, LLC (St. George, UT), 

a North American producer of germanium substrates for solar 
cells used in satellites and high-efficiency terrestrial installations. 
Under the terms of the agreement, 5N Plus would provide 

Sylarus with germanium feedstock and also recycle byproducts of 
Sylarus' germanium substrate manufacturing (5N Plus Inc., 2010, 
American Metal Market, 2010). 

China.— China continued to be the leading global producer of 
germanium metal and germanium compounds. In 2010, five to 
six producers accounted for the majority of the estimated 85 to 
100 t of germanium metal and germanium compounds produced 
in China. About 44% of this production was in the form of | 
germanium metal, 42% was germanium dioxide (metal content), 
and 14% was in the form of other compounds. Germanium- 
bearing coal ash and zinc ore were the sources for the Chinese 
germanium production. The germanium market slowed during 
the second half of 2008, and this slowdown continued until the 
fourth quarter of 2010. From June 2008 to June 2009, the market 
price of germanium metal in China declined by more than 33% 
to less than $1,000 per kilogram from $1,500 per kilogram. 
Domestic germanium prices remained at these levels during the 
first three quarters of 2010. Domestic producers had difficulty 
selling germanium compounds and metal even at the lower 
price levels owing to lackluster demand, and some decided 
to stockpile germanium or curtail production until prices 
increased again. Producers were not willing to sell germanium 
metal at prices that approached their production costs, and 
consumers of the material tried to buy smaller quantities than 
usual in anticipation of further price declines. The market 
changed significantly during the fourth quarter of 2010 as 
prices increased steeply, approaching levels of late 2008, and 
producer stocks became tighter. The change in the domestic 

market during this time period was attributed to a combination 
of factors. The available supply of germanium was tightened 
by the announcement of strategic stockpiling initiatives at 
the National and Provincial level and the forced closure of 
some germanium producing smelters owing to environmental 
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concerns. Internal demand from consumers of germanium in 
China had also increased as more companies attempted to export 
value-added products instead of raw materials. A 596 export tax 
on germanium dioxide had encouraged producers to develop 
downstream production capabilities in recent years, and Chinese 
exports have shifted to germanium metal and finished products 
such as fiber optics and optical lenses. This has reduced the 
amount of Chinese-produced germanium dioxide that reached 
the global market in 2010 (Metal-Pages, 2010b; 2011). 

In late 2010, China announced that it had set aside more 
than $4 billion for one of the largest "treasure hunts" for new 
resources in the country's recent history. The government 
was looking for new deposits of iron ore, copper, chromium, 
manganese, tungsten, germanium, indium, and rare-earth 
elements according to the Chinese ministry of land resource 
at a forum in Henan Province. The plan involved large-scale 
prospecting operations in all of China's Provinces, with a focus 
on 45 key prospecting areas. Provinces and regions of particular 
interest included Hunan, Inner Mongolia, Jiangxi, Qinghai, 
Shanxi, and Yunnan (Metal-Pages, 20102). 

Japan.—The Japanese markets for germanium products 
have moved in diverging directions since 2008. Demand for 
germanium tetrachloride has been strong and increased during 
that time period, but consumption of germanium dioxide and 
germanium metal have declined. The growth in germanium 
tetrachloride consumption between 2008 and 2010 was driven by 
the fiber-optic industry. Japanese production of fiber-optic cable 
increased by 14% from 2008 to 2009, and the majority of these 
cables were exported to China and India, where infrastructure 
development has been increasing. Conversely, Japanese demand 
` for germanium dioxide, mainly used as a catalyst in PET 
production, has declined significantly. In 2010, Japan imported 
17,200 kg of germanium dioxide, a decrease of 1796 from 23,500 
kg imported in 2009 and a decrease of 4694 from 31,700 kg 
2008. Factors that have contributed to the decline in consumption 
were Increased use of less expensive antimony-based catalysts, 
Increased use of recycled catalysts, and reductions in the thickness 
of PET bottles. Canada has emerged as the primary source of 
imported germanium dioxide since 2008. In 2010, 8196 of the 
germanium dioxide imported was from Canada. Before 2008, 
the majority of this material had come from China. Consumers 
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stockpiles project altogether owing to weak market conditions 
for the metals of interest (Emerging Metals Ltd., 2010, р. 2). 


Outlook 


Global germanium consumption is likely to increase during 
the next several years owing to the growth that is expected in 
the major end-use sectors. Germanium-based optical blanks 
and windows that are incorporated in infrared devices were 
expected to continue to be heavily used by military and law 
enforcement agencies. New applications for these products 
in commercial and industrial markets also were expected to 
become more prevalent and represented a large potential growth 
area. Global demand for fiber-optic cable, led by the emerging 
Asian economies, had been forecast to increase at a compound 
annual growth rate of 8% through 2012. Global support for the 
increased use of solar energy during the next several years is 
expected to increase demand for germanium substrates that are 
used to manufacture high-efficiency multijunction solar cells. 
New satellites launched for defense and private industry uses 
were expected to continue to fuel consumption of germanium 
substrates in solar cells. As energy conversion efficiencies 
continue to improve, terrestrial-based solar systems will be a 
more feasible option for large-scale power generation. Owing 
to the massive size of the installations, growth in the terrestrial- 
based solar cell market could significantly boost annual 
germanium substrate consumption (Mikolajczak, 2010). 

Germanium substrates used in thermophotovoltaic (ТРУ) 
celis that convert heat radiation (instead of sunlight) generated 
from sources such as furnaces or water boilers into electricity 
could be a future growth area. Most TPV cells were used almost 
exclusively for military applications, but this technology could be 
applied in industrial or residential settings. In an industrial setting, 
for example, TPV cells could generate electricity from the i 
created during the production of materials such as glass or steel. 

On the supply side, the redevelopment of existing zinc mines 
in Tennessee could be a new domestic source of germanium у 
during 2011 though 2013. Several germanium recovery projec 
in China that were in late stages of development or early : 
production also could bring more germanium to the market і | 
demand continues to increase. In addition to primary en 
production, the availability of recycled germanium id : 
from end-of-life products, such as fiber optics, military veme is 
and solar cells, was expected to increase during the next coup 
of decades as these aging products are taken out of ae 
Overall, the germanium market is expected to remain ug | 
during the next several years owing to the emerging end use 
and limited sources of supply. 
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TABLE 1 
U.S. IMPORTS FOR CONSUMPTION OF GERMANIUM METAL, BY COUNTRY"? 


2009 2010 
Gross weight Gross weight 

= . Country | 2. (kilograms) Value (kilograms) Value 

Belgium 5,490 — $5,960,000 1,560 — $2,700,000 
Canada » 796 425,000 70 15,500 
ашна ж ФЕ Li... 14,000 14,800,000 18,100 14,500,000 
а, _ 124 91,100 70 70,300 
emang = 2,360 4,290,000 2,320 3,310,000 
eons 7 363 380,000 - - 
НА d 203 185,000 ma - 
ве 22. С. 5,980 8,900,000 4,620 3,450,000 
United Kingdom | 53 33,800 Зи = 
= = Se 38 4,030,000 312 1,840,000 
== = 29,400 — 39,100,000 27,000 — 25,900,000 


1 
Data ; ' К" £3 
| а are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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Data ine 
lude wrought, unwrought, and powder, but exclude germanium dioxide. 
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GOLD 
By Micheal W. George 


Domestic survey data and tables were prepared by Wanda G. Wooten, statistical assistant, and the world production table 


was prepared by Lisa D. Miller, international data coordinator. 


In 2010, domestic mine production of gold increased to 
231,000 kilograms (kg), 496 more than that in 2009 (tables 1—2). 
This marks the first increase in 10 years, although production 
was 37% lower than the historical high of 366,000 kg in 
1998. In 2010, the value of domestic production increased to 
$9.13 billion, up 30% compared with that in 2009 because of 
the increase in the price of gold and the increase in domestic 
production. It was the ninth straight year that the value had 
increased. Gold recovery from the major mines in Nevada 
decreased because mining lower grade ore was more profitable 
with high gold price. Decreased production from mines 
processing lower grade ore were offset by production from 
Barrick Gold Corp.'s (Toronto, Ontario, Canada) new pit at 
the Cortez Mine. In 2010, production began at the Kensington 
Mine in Alaska, the Jerritt Canyon Mine restarted production, 
and the Deep Post Mine in Nevada reached its end of life. Price 
increases have spurred domestic exploration and development of 
new gold projects. Mines in Nevada and Alaska accounted for 
almost 72% and 12%, respectively, of domestic gold production 
in 2010. The remaining production came from mines in Utah, 
Colorado, Washington, California, South Dakota, Arizona, and 
Idaho, in descending order of production. Gold was produced 
at lode mines in Alaska, California, Colorado, Nevada, South 
Dakota, Utah, and Washington, at two large placer mines in 
Alaska, and numerous small placer mines, mostly in Alaska and 
the Western States. In addition, domestic gold was produced as 
| byproduct of processing base metals, primarily copper. In the 
nited States, the 30 leading operations yielded 99% of the gold 
produced (table 3). 
Nei ste aro non mineral exploration budget | 
2009. Mac 27 lon, a 63% increase compared with that in 
copper and gold 2. was а result of increased exploration for 
кы жне 8 Alaska and gold targets in Nevada. Major 
in а exploration were the improved economy and 
portion a pes а In 2010, gold was the primary mineral 
nonferrous 4. more than 50% of the worldwide 
Pet as $54 billion, which wes 50% О ехріогабоп 
Gold Fide | E Which was 59% more than that in 2009. 
descending order. n Canada, Australia, and the United States, in 
» Fepresented more than 40% of the global gold 
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end use of gold were jewelry and arts, 54%; dental and medical, 
1095; electrical and electronics, 796; and other, 2995. 
Refined bullion comprised 33% of U.S. gold imports and 77% 


. of exports; the United States was a net exporter of 95,700 kg of 


bullion in 2010 (tables 4, 6). The imports and exports of gold 
bullion increased Бу 57% and 5%, respectively, from those in 2009. 
The increases in imports mainly were from Canada and Mexico, 
which provided almost 5196 and 259^, respectively, of the refined 
bullion imported. Imports of ores and concentrates increased by 
450% because of a substantial increase in imports from Mexico for 
processing within the United States (table 4). The United Kingdom 
(58%) and India and Switzerland (10% each) were the principal 
destinations for refined bullion exports (table 4). 

Engelhard’s daily price of gold was volatile and rose above 
the $1,400-per-troy-ounce level for the first time ever in 
November. The price began the year at $1,124.06 per troy ounce 
and fell to the year’s lowest level of $1,060.45 per troy ounce 
on February 5. The price rose for 4 months before dropping 
in July. It recovered and continued to increase until peaking at 
$1,424.07 per troy ounce on November 9 before dropping to 
$1,414.25 per troy ounce by yearend. The annual average price 
of $1,227.51 per troy ounce, 26% above the annual average gold 
price in 2009, was the highest annual average price ever, and the 
ninth consecutive year of a price increase. 

Gold investment continued to be very high in 2010 because of 
financial and economic uncertainties; such times are traditionally 
when investment in gold, which is considered to be a safe 
investment, increases. It was estimated that global investors 
purchased 1,680 metric tons (t) of gold in 2010. Gold held in 
23 gold exchange-traded funds (ETFs) and 2 physically backed 
Canadian funds increased by 351 t to 2,190 t. Domestic gold 
holdings in ETFs increased by 19%, or 229 t, to 1,450 t, with 
the SPDR Gold Trust, which traded on the New York Stock 
Exchange, accounting for 88% of domestic gold ETF holdings. 
Because gold ETFs are essentially paper gold products, each share 
representing a physical allotment of gold that is held in trust, 
they provide an easily accessible investment. Gold ETFs follow 
market gold prices, with a fee structure to cover administrative 
and storage costs (Klapwijk and others, 2011, p. 20-26). 

The top I5 gold mining companies produced about 4794 of 
2010 world gold production. The top five producers were, in 
descending order, Barrick, Newmont Mining Corp. (Denver, 

CO), AngloGold Ashanti Ltd. (Johannesburg, South Africa), Gold 
Fields Ltd. (Johannesburg), and Goldcorp Inc. (Vancouver, British 
Columbia, Canada), which accounted for almost one-third of 
world gold production (Klapwijk and others, 2011, p. 48). 

In 2010, gold mining companies strove to increase their reserves 
by merging or acquiring other companies. Newcrest Mining Ltd. 
(Melbourne, Victoria, Australia) purchased Lihir Gold Ltd. (Port 
Moresby, Papua New Guinea), which owned the Lihr Island Mine 
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in Papua New Guinea. Kinross Gold Corp. (Toronto) completed 

a merger with Red Back Mining Inc. (Vancouver), which owned 
the Chirano Gold Mine in Ghana and the Tasiast Gold Mine in 
Mauritania. In August, Goldcorp sold its San Dimas silver-gold 
mine in Mexico to Mala Noche Resources Corp. (Toronto), which 
was renamed Primero Mining Corp. (Toronto). Goldcorp also 

sold its 21% interest in the Morelos project in Mexico to Gleichen 
Resources Ltd. (Toronto), now named Torex Gold Resources 

Inc. (Toronto). Goldcorp acquired Andean Resources (Fremantle, 
Western Australia, Australia), which owned the Cerro Negro 
gold-silver project in Argentina. Thompson Creek Metals Co. Inc. 
(Vancouver) purchased Terrane Metals Corp. (Vancouver) after 
Goldcorp divested its controlling interest in the company. Terrane 
owned the Mt. Milligan copper-gold project in British Columbia, 
Canada. Anatolia Minerals Development Ltd. (Englewood, CO) 
and Avoca Resources Ltd. (Perth, Western Australia, Australia) 
announced plans to merge. The new company, Alacer Gold Corp. 
(Englewood, CO), would have mines in Australia and Turkey. 
Other announcements in 2010 were that EBX Group 

(Rio de Janeiro, Brazil) was going to take over Ventana Gold Corp. 
(Vancouver), which had the La Bodega project in Columbia, and 
Franco Nevada Corp.'s (Toronto) business combination with Gold 
Wheaton Gold Corp. (Vancouver) (Klapwijk and others, 2011, 
p. 48). In March, Barrick created African Barrick Gold plc 
(London, United Kingdom) to hold Barrick's African gold mines, 
projects, and exploration properties. As of April 2010, Barrick 
owned approximately 73.9% of African Barrick Gold 
(Barrick Gold Corp., 201 la, p. 36). 

Total world mine production of gold in 2010 was 494 higher 
than that of 2009. Mine production in China increased, and 
China continued to be the world's leading gold producer. Annual 
output in South Africa decreased for the ТО year in a row 
because of higher costs, lower grade ore, and labor issues. The 
leading producers among more than 95 gold-mining nations 
were, in descending order, China, Australia, the United States, 
Russia, and South Africa (table 8). 

An estimated 166,600 t of gold was mined historically through 
2010, with 29,000 t held by central banks as official stocks, 
31,100 t held privately as investment, 84,200 t held privately as 
Jewelry, 18,700 t in other fabricated products, and the remaining 
3,600 t was unaccounted for (Klapwijk and others, 2011, p. 58). 


Production 


Domestic lode mine production data for gold were compiled 
by the U.S. Geological Survey from two Separate voluntary 
surveys of U.S. mining operations—one for monthly production 
of copper, gold, lead, silver, and zinc from lode mines and 
the other for lode mine production data Surveyed annually 
Individual company production and performance data listed in 
table 3 and cited elsewhere in this report were obtained from 
published sources, such as company annual reports, 

Alaska.—Gold production was 28,100 kg wh 
at $1,110 million in 2010. According to the State’s Division of 
Geology and Geophysical Surveys, 2009 gold Production was 
reported as 24,300 kg (781,000 troy ounces) valued at 
$759 million. In 2010, placer gold mining accounted for 2,160 
kg (69,300 troy ounces) of gold, up 15% from 1,870 kg (60 300 
troy ounces) in 2009. An estimated 227 Placers mines operated in 


ich was valued 
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2010, 3% fewer than the 234 that operated in 2009. There were tw 
placer operations that were classified as large placer operations, 
production of more than 78 kg (2,500 troy ounces) of gold, and 
35 placer operations were classified as medium, production of 
more than 20 kg (650 troy ounces) but less than 78 kg (2,500 troy 
ounces) of gold, in 2010 (Szumigala and others, 2011, p. 13, 46), 

The Pogo Mine, 145 kilometers (km) southeast of Fairbanks 
was a joint venture between Sumitomo Metal Mining Co. Ltd. 
(Tokyo, Japan) (85%) and Sumitomo Co. (Tokyo) (15%). The 
mine produced 11,900 kg of gold during 2010, which wasa 
slight decrease as compared with that of 2009, because of lower 
ore grade. As of December 2010, the mine’s reserves were 
122 t of contained gold (Sumitomo Metal Mining Co. Ltd, 
2011, p.19; Szumigala and others, 2011, p. 52). 

Kinross's underground Fort Knox Mine, near Fairbanks, 
produced 10,900 kg of gold in 2010, 3396 more than production 
in 2009. Increased production resulted from the first full year 
of production from the Walter Creek heap-leach facility, which 
was completed in November 2009. Gold reserves at Fort Knox 
were estimated to be about 180 t at yearend 2010 (Kinross Gold 
Corp., 2011, p. 31, 48; Szumigala and others, 2011, p. 51). 

Hecla Mining Co. (Coeur d'Alene, ID ) owned one ofthe 
leading silver mines in the country, the polymetallic Greens 
Creek Mine on Admiralty Island near Juneau. The ore from the 
underground mine was milled at the mine site, and the smelter 
produced gold and silver dore, lead, zinc, and bulk concentrates 
In 2010, gold production was 2,140 kg, slightly more than 2009 
gold production (Hecla Mining Co., 2011, p. 3, 10). 

On June 24, Coeur d’Alene Mines Corp.’s (Coeur d’Alene, 
ID) Kensington project began processing ore, and on July 3, the 
mine began commercial production and produced 1,340 kg 
of gold in 2010. The underground gold mine, 72 km north- 
northwest of Juneau, had proven and probable reserves of | 
43,900 kg of gold (Coeur d' Alene Mines Corp., 2011, p. 2,26) 

Fire River Gold Corp. (Vancouver) continued evaluating the 
Nixon Fork Mine, 56 km northeast of McGrath. The company 
planned to bring the mine back into production by the summer 
of 2011. The mine originally started production in 2007; А 
however, production was suspended in October 2008, and ч 
mine was placed on care-and-maintenance status because 0 
dramatically lower grade ore than expected and sold to Fire 
River Gold іп 2009 (Fire River Gold Corp., 2011, р. 3-9) 

Alaskan exploration expenditures climbed to $264 tel 
in 2010, up 4796 from 2009 expenditures of $180 million. 8 
marked the sixth straight year with exploration expenditures + 
than $100 million. In 2010, 34 projects had expenditures of mo 
than $1 million, and an additional 47 projects spent ШО н 
more on exploration. Porphyry copper deposits шош : ВЕ 
of the exploration expenditures and other intrusion-reate ep 
accounted for 36% (Szumigala and others, 2011, p. 9. 12). 

Anglo American plc (London) and Northern Dynasty gt 
Ltd. (Vancouver) were 50-50 partners in the Pebble pe 
molybdenum project in southwestern Alaska, which gn i 
the high-grade underground Pebble East resources and a 
pit Pebble West resources. Based on its $73 million ee A 
project remained the leading exploration project 1n Alas uo 
preliminary assessment report based on concept, pem йге 
and feasibility-level study programs was completed wi 
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їй potential mining scenarios—[25, 45, and 78 years of open pit 
We mining, with a nominal processing rate of 200,000 metric tons 
үт per day (t/d) of ore]. The company was expected to use the 
"At 25-year case study to decide whether to initiate mine permitting, 
ШШ construction, and operation. The 45-year reference case was 

Y. the base case and would produce 14 million metric tons (Mt) 
Їй o copper, 635,000 t of molybdenum, 4,350 t of silver, 1,200 t 
ІШЕ of rhenium, 933 t of gold, and 28 t of palladium while mining 
(lini: only 32% of the mineral resources at an average cost of $0.11 
ЇЇ per pound of copper. The resource case, which was based on the 
Iia 78-year mine life, assessed the long-term value of the project. А 
шї new prefeasibility study was expected to be completed in 2012, 
ш, with production by the end of 2016 (Northern Dynasty Minerals 
I Ltd., 2011, p. 5-7). 
шй 112010, a feasibility study was revised by Barrick and NovaGold 
№ Resources Inc. (Vancouver) on the Donlin Creek joint venture in 
iki: the historic Kuskokwim Gold Belt in southwestern Alaska with the 
«iE addition of an evaluation of a natural gas pipeline for the project. 
mi! The project had a measured and indicated gold resource of 1,200 t, 
‘iit and ће companies were scheduled to file permit applications by the 
„Ш end of 2011 (Barrick Gold Corp., 2011a, p. 11, 168). 
wr — NovaGold was developing three other projects in Alaska— 
wi! Big Hurrah, Nome Gold, and Rock Creek—all near Nome on 
№ the Seward Peninsula. The most advanced was the Rock Creek 
X Mine, which was designed to produce about 3,000 kilograms 
Іш per year (kg/yr) of gold. The mine and mill began production 
үш 112008 but operated only a short time before the mine was 
| placed on care-and-maintenance status. NovaGold decided to 
(ші. Sell all three operations and focus on its joint ventures, Donlin 
Ші. Creek in Alaska and Galore Creek in British Columbia, Canada 
als (NovaGold Resources Inc., 2011, p. 40). NovaGold completed 
Ір 15 purchase of the Ambler property from Kennecott Exploration 
wé Со. (Vancouver) for $29 million. The property includes the 
ју Copper-zinc-gold-silver Arctic volcanogenic massive sulfide 
5 (Szumigala and others, 2011, p.15) 
К International Tower Hill Mines Ltd. (Vancouver) continued to 
ji explore its Livengood project in 2010. The indicated resource 
jl Was 409 tata grade of 0.83 grams per metric ton (g/t) gold 
yr equivalent to 339 t of contained gold, and the inferred resource 
ys AS 94 tata grade of 0.79 £/t gold equivalent to 75 t of contained 
k gold, both at a cutoff grade of 0.5 g/t gold. The project, 110 km 
т sis of Fairbanks, was undergoing prefeasibility study in 2010 
2 “mational Tower Hill Mines Ltd., 2010). 
y Arizona.—In 2010, all gold mined in Arizona was recovered 
м 8a byproduct from copper mining and pr ing. Ameri 
; Bonanza Gold Cor ү | g processing. American 
i MC р. ( ancouver) completed a feasibility study 
i з. ses mill for its Copperstone underground gold 
Жел a Paz County, In October, the U.S. Department of 
jl enl ог, Bureau of Land Management (BLM) issued the 
qs ee for mining, and the outstanding State of Arizona 
"am т pected to be completed in the first quarter of 
( cat Bonanza Gold Corp., 201 1, p. 3-4). 
y тип 2010, gold was prod i: 
; Ltd's (Golden, CO) В › was produced at Atna Resources 
qe $ ) riggs Mine and New Gold Inc.’s 
| за secondary ane Other operations produced gold 

А ‚ mainly from placer sand and gravel 


, ‘Mines and fr 
| тан, от several small underground mines that produced 
| y Specimen gold products. 
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In 2010, the Mesquite Mine open pit in Imperial County, CA, 
70 km northwest of Yuma, AZ, produced 5,260 kg of gold, 13% 
more than that produced in 2009. Production increases resulted 
from increases in gold grade and leach pad recoveries. The 
proven and probable reserves for Mesquite were estimated to be 
169 Mt at a grade of 0.57 g/t, with 97,000 kg of contained gold 
(New Gold Inc., 2011a, p. 10; b). 

In May 2009, Atna poured its first bar of gold from the 
Briggs Mine, and in 2010, the mine produced 784 kg of gold. 
An updated technical report on the Briggs Mine estimated the 
proven and probable reserves to be 6,250 kg of gold 
(Atna Resources Ltd., 2011, p. 2-4). 

Sutter Gold Mining Inc. (Lakewood, CO) received regulatory 
approval to construct the Sutter Gold underground mine, which 
included the historic Lincoln gold mine along California's 
Mother Lode belt. The company expected to complete 
preliminary economic assessment and technical reports by the 
first quarter of 2011 (Sutter Gold Mining Inc., 2011, p. 2-3). 

Emgold Mining Corp. (Vancouver) continued the permitting 
process to reopen the historic Idaho-Maryland Gold Mine. The 
company expected to have the final environmental impact report 
in 2011. The estimated measured and indicated resources were 

14,700 kg of gold (Emgold Mining Corp., 2011). 

Colorado.—In 2010, Colorado remained the fourth ranked 
gold-producing State in the country. The Nation's ninth ranked 
gold mine, the Cresson Mine, owned by Cripple Creek & 
Victor Gold Mining Co. (CC&V) (a fully owned subsidiary of 
AngloGold) reported that its open pit operation produced 
7,250 kg of gold in 2010, a 796 increase from that in 2009 owing 
to a revised pad-stacking strategy, which saw higher grade ore 
placed closer to the pad lining to improve production. In 2010, 
CC&V continued construction of a mine-life extension project 
that would add 4 years to the mine life (AngloGold Ashanti Ltd., 
2011, p. 45, 54, 110-111). 

Global Minerals, Ltd. (Vancouver) sold its shares of the Front 
Range gold property, which included the Cash and Rex Mines, 
to Aurora Gold Corp. (Zug, Switzerland) in August. Aurora 
intended to reopen the Cash Mine, which had been inactive 
since 2008 (Aurora Gold Corp., 2010). 

LKA International Inc.'s (Gig Harbor, WA) Golden Wonder 
Mine in the San Juan Mountains stopped commercial gold 
production in the second quarter of 2006. The company continued 
to explore and produced a limited amount of gold in 2010 asa 
result of exploration activities (LKA International, Inc., 2010). 

Idaho.—ldaho had limited gold production in 2010, mostly 
from small-scale mines and byproduct production from silver 
mines. Several companies had projects with associated gold that 
were in early development stages in 2010. 

Montana.—There was no gold production in the State in 
2010 because Elkhorn Goldfields LLC's (Denver) open pit 
polymetallic Montana Tunnels Mine near Jefferson City had not 
operated since April 2009 when the mine was placed on 
care-and-maintenance status. In early F ebruary, Elkhorn 
completed the acquisition of the remaining 50% interest in 
the project from Apollo Gold Corp. (Greenwood Village 
CO) (Elkhorn Goldfields LLC, 2011). Also, Barrick's Gold 
sunlight Mine did not produce gold in 2010 because the nius 
had entered an extended redevelopment phase in 2009 and was 
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not expected to produce gold again until 2011 (Barrick Gold 
Corp., 2011a, p. 64). | 
Nevada.—Gold production increased 3% to 166,000 kg in 


2010, and Nevada kept its long-standing position as the Nation's 


leading gold-producing State. Gold remained the most valuable 
mine product in Nevada, representing almost 8994 of gross 
proceeds of mines. The Nevada Division of Minerals reported 
20 major gold-silver operations (Dobra, 2011, p. 4). 

In 2010, Barrick produced 89,200 kg of gold from its fully 
owned Bald Mountain, Cortez, Goldstrike, Ruby Hill, and 
Storm Mines; its 75% share of the Turquoise Ridge Mine (a 
Joint venture with Newmont, 2596); 50% of Smoky Valley 
Common Operation (50% owned and operated by Kinross); and 
33.33% of the Marigold Mine (67.67% owned and operated 
by Goldcorp). This was 1496 more than the company's gold 
mine production from Nevada in 2009 because of the startup 
of production at Cortez Hill open pit operations, which was 
part of the Cortez operations, in the first quarter of 2010. The 
Cortez operations produced 35,500 kg of gold in 2010, 120% 
higher than production in 2009. Production at all other Barrick 
operations decreased in 2010 compared with that of 2009. Open 
pit and underground production from Goldstrike (including 
the Storm Mine) was 38,600 kg of gold, a 13% decrease 
compared with that in 2009. The decrease was attributed to 
the partial shutdown of the autoclaves in the second half of 
2009 and as well as mining lower grade areas in the first half 
of 2010. Production from Bald Mountain was 1,800 kg, 23% 
less than production in 2009 owing to the approval of the 
mining expansion plan that called for more waste material 
mining in 2010. Production was expected to increase once the 
expansion was completed in late 2011. In 2010, the Ruby Hill 
Mine produced 2,530 kg of gold or 21% less than that in 2009, 
because of higher waste stripping. Production of gold in 2010 
from partially owned mines was 10,800 kg, 11% less than 
that of 2009. In 2010, Barrick's share of gold production from 
the Marigold Mine was 1,420 kg (a 796 decrease compared 
with 2009 gold production), 5,540 kg from the Smoky Valley 
Common Operation (a decrease of 15% from 2009 production), 
and 3,860 kg from Turquoise Ridge (a decrease of 7% from 
2009 production) (Barrick Gold Corp., 2011a, p. 24, 63—64; 
20116). 

Newmont's Nevada operations produced 55,000 kg or 33% 
of Nevada's gold production from eight open pits and six 
underground mines. The operations were the Eastern Nevada 
Leeville, North Lantern, 
idas, Mule Canyon, 
$, and the joint-venture 
n 2010, gold Production 


(Vancouver) extracted 


98,800 t of ore, yielding 3,270 kg of gold and 8,990 kg of silver 
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from trial mining activities at the underground Hollister Mine. 
А preliminary draft environmental impact statement (EIS) was 
scheduled for completion in November 2011, and the decision 
on whether to proceed with the project was scheduled In early 
2012 (Great Basin Gold Ltd., 2011, p. 11-14). 

In 2010, Yukon-Nevada Gold Corp. (Vancouver) produced 
2,030 kg of gold from purchased ore and stockpiles, at its Јепій 
Canyon complex. The operations consisted of a milling facility 
and two underground mines, Smith and SSX. Jerritt Canyon was 
closed in 2009 because of environmental permitting problems but 
was restarted in 2010 (Yukon-Nevada Gold Corp., 2011, p. 1). 

In 2010, the Robinson copper mine near Nye [owned by 
Quadra Mining Ltd. (Vancouver)] produced 49,400 t of copper 
and 2,270 kg of gold. Production was lower than that in 2009 
because of anticipated lower head grades (Quadra Mining Ltd, 
2011, p. 8). | 

The Rochester Mine, owned by Coeur d'Alene Mines, 
produced 62,200 kg of silver and 300 kg of gold. In August 2007, 
the company completed mining existing reserves; however, gold 
and silver production was expected to continue from stockpiled 
ore and existing leach pads until 2014. The company completed 
a feasibility study regarding restart of mining operations from 
expanded and new reserves. The mine was expected to increase 
production to 74,600 kilograms per year (kg/yr) of silver 
and 1,080 kg/yr of gold. In October, the company received a 
permitting decision from the BLM supporting the resumption | | 
mining. Mining was planned to resume in the first quarter of? 
(Coeur d'Alene Mines Corp., 2011, p. 2-3). mE 

Rio Tinto plc (London) sold the Denton-Rawhide ine 0 
Rawhide Acquisition Holdings on June 25. Rio Tinto S а 
of production was 280 kg in 2010. Mine production stopped m 
2003, but residual production from leach pads continued 

Rio Tinto plc, 2011a, p. 12-14). | m 
| Exploration expenditures in Nevada increased to $2 14 million 
in 2010 from $110 million in 2009, the highest expenditures 
reported since the State began the survey in ШШ ы 
Because of higher gold and silver prices, material once clas 
as waste has been reclassified as ore, and reported ee 
probable reserves have increased. According to the at | 
Nevada, the proven and probable gold reserves o x 
2,500 kg (80 million troy ounces) in 2010, up 7% from 2, 
(75 million troy ounces) in 2009 (Dobra, 2011, p. 5). n 

New Mexico.—Gold production in New Mexico has bé 
byproduct of copper production in Grant County at "m 
Freeport-McMoRan Copper & Gold Inc.'s Chino n 
2008, mining activities were suspended, and in 201 0,1 an 
was no significant gold production. Mining and milling ih 
expected to resume in 2011 (Freeport-McMoRan Coppe 
Gold Inc., 2011, p. 37). 

In 2010, one silver and gold project began deve 
several polymetallic deposits were explored. In Marc | 
Fe Gold Corp. (Albuquerque) began limited ERAS : 
Summit silver and gold mine and anticipated that fu 3 
would be reached by yearend 2011. Full production wé Ж 
estimated to Бе 120,000 metric tons per year of ore at Я ^ 
4.45 g/t gold and 335 g/t silver (Santa Fe Gold Corp. ^ 
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= South Carolina.—Romarco Minerals Inc. (Vancouver) | 
| м released the results of a feasibility study for its Haile Gold Mine 
"5 Project in Lancaster County. The estimated proven and probable 
reserves were 30.5 Mt of ore at an average grade of 2.06 g/t 
” gold, containing 62,800 kg of gold. The mine life was estimated 
А tobe 13 years, and during the first 5 years, annual production was 
! estimated to be 5,350 kg of gold at a cost of $347 per troy ounce 
іш (Romarco Minerals Inc., 2011, p. 14,21). 
ш South Dakota.—In 2010, Wharf Resources (USA) Inc. (Lead) 
" operated the Goldcorp-owned Wharf open pit gold mine near 
1- Lead, which produced about 2,280 kg of gold, 8% more than 
HIF 2009 gold production. The increase was attributed to an increase 
"E in ore processed and higher recovery rates, which offset the drop 
ШЇ in head grade (Goldcorp Inc., 2011, p. 58). 
Utah, —Rio Tinto's Bingham Canyon Mine near Salt Lake 
City, which was operated by Kennecott Utah Copper Corp. 
nt (Magna), produced 14,500 kg of gold as a byproduct from 
ШІ: copper mining. Bingham Canyon was the fourth-ranked gold 
А producer and the leading gold-producing mine outside Nevada 
йй in 2010. Gold production decreased by 2096 compared with that 
W3 in 2009 because of lower ore grades, as the company shifted 
К from a high copper-gold area to high-molybdenum areas of 
" the ore body. Kennecott Utah was also commencing studies 
t: associated with the potential development of an underground 
A copper skarn deposit to operate in parallel with the open pit. In 
#85 2010, Kennecott Utah also operated the nearby Barney's Canyon 
i Mine, which closed in the first quarter of 2002 but continued 
р gold production from heap-leaching pads that produced 62 kg of 
gold (Rio Tinto plc, 2011a, p. 12; b, p. 18). 
Е Washington.—In 2010, Kinross’s underground Kettle 
W River-Buckhorn Mine in the north-central part of the State 
2 produced 6,180 kg of gold, 15% more than production in 2009 
| because of increased ore processing. Ore was shipped to the 
Ü Kettle River Mill adjacent to the closed Kettle River Mine, 
5 Which was about 76 km from the Kettle River-Buckhorn Mine 
: (Kinross Gold Corp., 2011, p. 50-51). 
р 
и World Industry Structure 
: World gold mine production i % hi 
s њи е production in 2010 was 496 higher than 
i 993, and it was the second year in a row that world 
r increased (table 8). Some of the larger increases 
Ho a elie 37,000 kg in Australia, 25,000 kg in 
Ой Burking RP m 13,400 kg in Argentina; 11,500 kg 
States: 7400 Па а A n Ethiopia, 7,920 kg in the United 
4080 ke in 2. A ү 5,770 kg in Colombia; 
sold production in is bes 2. kg in the Philippines. Іп 2010 
production in um uniries increased by more than 1 t from 
nimii partially offset by gold production 
hu ountries. Some of the larger decreases in 
2 lon in 2010 were 18,300 kg in Peru; 10,000 ke in 
nesia; 8,930 kg in South Africa: 6 Medie 
5360 22 пса; 6,340 kg in Canada; 
j ‚ and 3,770 kg in Mongolia. In 2010, 
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| goes d decreased by more than 1 t in 9 countries. 
he United 5. P producing-countries—China, Australia, 
Canada, йыш С South Africa, Peru, Indonesia, 
descen n order) = ana, Mexico, and Papua New Guinea (in 
ounted for 74% of global production. The 
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next 10 leading gold-producing countries accounted for 16%, 
while the remaining 77 countries made up 1096 of global gold 
production in 2010. 

According to its annual review of world gold supply and 
demand, Gold Fields Mineral Services Ltd. (GFMS) calculated 
that the total global supply of gold in 2010 was 4,330 t 
compared with the revised 2009 total supply of 4,320 t. GFMS 
reported increased mine production (4%), no net official 
sector sales, no net producer hedging, and no implied net 
disinvestment for sales of bars and coins by private investors. 
Old scrap production decreased slightly in 2010 compared with 
2009 old scrap production because consumers expecting higher 
gold prices deferred selling scrap during the year (Klapwijk and 
others, 2011, p. 7). 

GFMS reported that total fabrication in 2010, including the 
use of scrap, was 2,780 t, 1196 higher than that of 2009. In 2010, 
gold jewelry fabrication was 2,020 t, 1196 higher than that of 
2009. The top six gold jewelry manufacturing countries—India 
(685 t), China (432 1), Italy (116 t), Turkey (73 t), the United 
States (66 t), and Saudi Arabia (47 t)—Trepresented 70% of 
the world's jewelry production. In 2010, jewelry production 
in India increased by 181 t, 36% more than 2009 production, 
because of a surge in demand for gold jewelry. Chinese jewelry 
production increased by 68.7 t, 19% more than 2009 production. 
In the Middle East, Southeast Asia (excluding China), and Italy, 
jewelry production in 2010 decreased owing to increased gold 
prices. Jewelry consumption in India and China increased, by 
40% and 20%, respectively. These increases were offset by 
consumption decreases in Italy, the United States, and Saudi 
Arabia, which decreased by 16%, 14%, and 13%, respectively. 
Coin fabrication was 207 t, a decrease of 996 compared with that 
of 2009, because of lower sales in North America and Europe. 
The demand for safe-haven investments kept gold coin sales 
high, but sales of new silver coins supplanted some gold coin 
sales. In 2010, the U.S. Mint sales of the American Eagle gold 
coins were 38,000 kg, which was 1494 lower than the unusually 
high sales in 2009, and sales of the American Buffalo Coins 
were 6,500 kg, an increase of 5% compared with those in 2009. 
In 2010, Canada decreased gold coin minting to 29,900 kg, а 
decrease of 22% compared with minting in 2009, and Austria 
minted 21,700 kg, an increase of 35%, The amount of gold used 
in electronics increased by 19% to 327 t, which reflected the global 
economic recovery. Gold used in dentistry declined by 8% to 49 1 
in 2010 owing to an increase in nonmetallic substitutions. Gold 
used in other industrial and decorative applications increased b 
11% because of an increase of consumption in China. Gold icd 
in medals and for imitation coins (nonmonetary coins) increased 
by 50% because of increased consumption in India (Klapwijk 

and others, 2011, p. 35-37, 83—109). 
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Argentina.—|n 2010, gold production was 60,000 kg or 29% 
more than that in 2009, primarily because production from 
Barrick's Veladero Mine increased by 83% to 34,900 kg beca 
of higher ore grades and increased throughput as a result of 
expanded crushing capacity (Barrick Gold Corp., 2011a, p. 14: b) 


In 2010, production from AngloGold's Cerro Vanguardia Mine 
was 6,490 kg of gold, a slight increase compared with production 
in 2009 (AngloGold Ashanti Ltd., 2011, p. 112-113). Overall 
production increases were partially offset by production losses 
at Yamana Gold Inc.'s (Toronto) Gualcamayo Mine, which 
produced 4,200 kg of gold during the year, 6% lower than that 
in 2009. In 2010, gold production from Bajo de la Alumbrera 
Mine [owned by Xstrata plc (Zug, Switzerland) (5096), Goldcorp 
(37.5%), Yacimientos Mineros Agua de Dionisio (Catamarca) 
(20%), and Yamana (12.5%)] was 12,600 kg, 4% lower than 
production in 2009 (Yamana Gold Inc., 2011, p. 52-56). 

Australia. —Australian gold production in 2010 increased by 
1776 compared with that in 2009. Production increases were 
from new projects coming online during the year, established 
operations, and increases from mines that began operation in 
2009. In 2010, 10 mines started or restarted production—A 1 
Minerals Ltd.’s (Osborne Park, Western Australia) Brightstar 
Mine, which started production in the first quarter; Catalpa 
Resources Ltd.’s (Perth) Edna May Mine, which started 
production in the second quarter, Exco Resources Ltd.’s (Perth) 
and Poymetals Mining Ltd.’s (Samford, Queesland) White Dam 
Mine, which poured its first gold in April; GBM Gold Ltd.’s 
(Bendigo, Victoria) Inglewood M ine, which started production 
in the second quarter; Intergra Mining Ltd.’s (Perth) 
Aldiss-Randalls Mine, which started up in September; La 
Mancha Resources [nc.'s (Montreal, Quebec, Canada) White 
Foil Mine, which began production in the second quarter; 
Navigator Resources Ltd.'s (Perth) Bronzewing Mine, which 
began production in April; Range River Gold Ltd.'s (Melbourne) 
Mt. Morgans Mine, which started production in the first quarter; 
Regis Resources Ltd.'s (Perth) Duketon project, which began 
production in September; and Saracen Minerals Holdings 
Ltd.'s (Melbourne) South Laverton Region Mine, which began 
production in the first quarter (CPM Group, 2011, p. 86—88). 

In 2010, Barrick had six mines in Australia, from which 
Barrick's share of production was 44,200 kg of gold, slightly 
more than that in 2009. АП mines except the Kalgoorlie Mine, 
were fully owned by Barrick. In 2010, Cowal production 
was 28% higher than production in 2009 because of higher 
ore grade. Production from Kalgoorlie, a joint venture with 
Newmont, increased by 14% in 2010 compared with production 
in 2009 owing to an increase in overall ore grade and increased 
mill throughput. Production Increases were partially offset by 
production decrease at severa] mines because of lower ore grade 
and lower mill throughput. The Barrick mines that produced less 
gold in 2010 compared with 2009 production were—Osborne 
37% less; Kanowna, 12% less; and Plutonic, 6% less; and — 
Yilgran South 3% less. Osborne ceased mining in July 2010 
(Barrick Gold Corp., 201 la, p. 66; b). 

Newmont's Boddington Mine b 
production in November 2009 an 
to 22,600 kg of gold and 26,300 
December 2010, the company re 
of gold and 1,070,000 t of coppe 
Jundee and Tanami operations as well as the Kalgoorlie joint- 
venture project with Barrick. The Jundee Operation sold 
10,400 kg of gold in 2010, 18% more than that in 2009. Tanami 
sold 7,780 kg of gold, 13% less than that in 2009. Newmont also 


egan into commercial 

d ramped up production 

t of copper in 2010. Аз of 
ported reserves of 631,000 kg 
r. Newmont also owned the 
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owned а 16.22% interest in Regis, which owned the Duketon 
gold project. Duketon began production in the third quarter of 
2010 and produced 156 kg of attributable gold. As of 
December 31, Newmont reported 9,330 kg of gold reserves in 
properties in Australia (Newmont Mining Corp., 2011, p. 26, 
61—62). 

In 2010, Newcrest operated five mines in Australia. The Сайа 
Hill and Ridgeway Mines produced 13,600 kg of gold, an 18% 
increase compared with 2009 production because of higher ore 
grade and increased throughput. The Telfer Mine produced 
21,200 kg of gold in 2010, slightly more than production in 2009. 
The 70%-owned Cracow and the 100%-owned Mt. Rawdon 
Mines produced 3% and slightly less gold, respectively, compared 
with production in 2009 (Newcrest Mining Ltd., 2011). | 

Gold Fields produced gold from two mines in Australia— 
Agnew and St. Ives. In 2010, Agnew produced 4,730 kg of 
gold, 19% less than that produced in 2009 owing to restricted 
underground access to higher grade areas. St. Ives produced 
14,600 kg of gold in 2009, 13% more than 2009 production, | 
because of increased mining and higher ore grade. Production in 
2011 was expected to increase as new pits came online 
(Gold Fields Ltd., 2011, p. 55, 92-95). 

In 2010, AngloGold's Sunrise Dam Mine produced 12,300 kg 
of gold, a slight decrease compared with 2009 gold production. 
The mine consisted of an open pit and an underground mine 
(AngloGold Ashanti Ltd., 2011, p. 105-107). 

OZ Minerals Ltd. (Melbourne) produced concentrates 
from its Prominent Hill copper mine, and during 2010, the 
mine produced 112,000 t of copper and 6,110 kg of gold. үз 
company produced 160% more gold than in 2009 because ii 
mine had its first full year of production in 2010 (OZ Minerals 
Ltd., 2011, p. 12). | 

Ааа gold production came from Anglo d 
Mining plc's (London) Gedabek Mine, which started pro Қ a 
in the second quarter of 2009, and produced 1,900 kg of go 
2010 (Anglo Asian Mining plc, 2011). 

nu RN in 2010 increased by 20% gw 
of production increases at the country's only primary gol im i 
In 2010, IAMGOLD Corp.'s (Toronto) Mupane Mine pro a 
1,770 kg of gold, 12% greater than 2009 production es inil 
higher throughput and improved performance from the ba 

IAMGOLD Corp., 2011, p. 42, 44). у 
| Brazil.—In 2010, eet h gold production increased by ы 
compared with that in 2009 owing to increased Lee 
the Kinross’s Paracatu Mine in the State of Minas : 
3676 increase in production to 15,000 kg was largely d 
increases in ore grade, higher recovery factors, and incre 
ore processing (Kinross Gold Corp., 2011, p. 54-55 ) 

Production from AngloGold's Mineracào Mine was | 
10,500 kg of gold or 3% more than that in 2009. Ore 12 
produced from the Cuiaba and Lamego underground ben 1 
leached at the Córrego do Sitio heap-leach operations, a 
then processed at the Cuiaba and Queiroz plants. The in 
production was attributed to additional ore supplies e 
from the startup of the Lamego project. The Serra cM 
(a joint venture equally owned by AngloGold and M 
produced 4,820 kg of gold, a slight increase compat; тее 
that in 2009. The operation, in central Brazil, consists 9 
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nis underground mines (Mina III, Mina Nova, and Palmeiras) and 
in, 22 OPED pit mine (Mina III) (AngloGold Ashanti Ltd., 2011, 
" | p. 55, 116, 118-119). | | 
lí Yamana operated three mines that produced gold 5 2010. 
| * ‚ The Chapada Mine produced 4,220 kg of gold, a 13% decrease 
~ compared with 2009 production because of lower ore grades 
1 despite increased ore mining and processing. The Jacobina 
lbi complex of underground mines in the State of Bahia produced 
- 3,800 kg of gold, an 11% increase compared with production in 
% 2009. The increase resulted from increased recovery rates. The 
МЕ Fazenda Brasileiro Mine, an underground mine in northeastern 
T Brazil, produced 2,180 kg of gold, 8% lower than that in 2009. 
^^" Two other mines owned by Yamana in Brazil—São Vicente 
ЧЇ and São Francisco—were part of an agreement to be sold to 
ы: Аша Minerals Inc. (Vancouver) that was finalized on April 30 
SE (Yamana Gold Inc., 2011, р. 49—56). 
ШІ Jaguar Mining Inc. (Concord, NH) operated three mines 
№? in 2010 and produced 4,290 kg of gold, 8% less than 2009 
Lit? Production, The Turmalina Mine produced 1,850 kg of 
ЈА gold and the Paciencia Mine produced 1,840 kg of gold in 
d 2010. Production decreased because of technical problems 
"^ at Turmalina and decreased ore grade at both mines. These 
| decreases were partially offset by new production from the 
E Caeté Mine, which began gold production in the third quarter of 
№ 2010 (Jaguar Mining Inc., 2011, р. 9—12). 
V Bulgaria.—Gold production in 2010 was estimated to be 
3,500 kg, 2294 less than in 2009. Losses at the Dundee Precious 
E Metals Inc.’s (Toronto) Chelopech Mine were the main reason 
И for the drop in production. In 2010, the mine produced 2,040 kg 
of gold, 26% less than 2009 production because of lower gold 
is grades (Dundee Precious Metals Inc., 2011, p. 34). 
n Burkina Faso.—In 2010, gold production was 25,000 kg, ап 
| 55% Increase compared with 2009. The increase was partially 
" attributed to the start up of IAMGOLD's 90%-owned Essakane 
# Mine. The mine, which started production in July, produced 
3,190 kg of gold іп 2010 (IAMGOLD Corp., 2011, p. 15). 
| The increase was also partially attributed to a 17% increase in 
: > Жек from SEMAFO Inc.'s (Saint-Laurent, Quebec, 
: a | | Мапа Mine that produced 5,590 kg of gold in 2010. 
: he 2. because of a plant expansion program, 
у e mine's | i 
5 6000 vd (SEMAFO жа eris capacity from 4,000 to 
2-5. ranked eighth in world gold production, 
Е ы decreased by 776 to 91,000 kg. Goldcorp operated 
РЕ т | Ontario—the Musselwhite, Porcupine, and Red 
$ golda Nan | xe eri рыч. ак 
+ ofa significant de npare with 2009 production because 
duced 8270 1 [ease In tonnage mined. The Porcupine Mine 
Mns , : 8, which was 16% less than in 2009, because of 
sold or 1. е, and the Musselwhite Mine produced 8,050 kg of 
tughput Goldconm ар in 2009 because of higher ore 
Agnico-Eagle Mines L d ‚оу, 
Lapa, and L Rei (Toronto) operated the Goldex, 
opened the Meadowbank M In March, the company 
Produced 8 260 lo e in Nunavut Territory, which 
| uring the year. In 2010, the 
di n Mine produced 4,220 t of copper, 5,060 К Ё 
г MMO Kg of silver, and 62,500 t of zinc, Gold production 
, ›200 t of zinc. Gold production 


lum opa Жад»; c-— ы "Ta фм Жак, г“ KM 


GOLD... 291 0 


OO 


from LaRonde Mine was 25% less in 2010 compared with 2009 
because processing lower grade ore became economical with 
higher gold and zinc prices. In 2010, the Goldex Mine produced 
5,740 kg of gold, 19% more than 2009 production because of 
ongoing mill upgrades. Agnico-Eagle's gold production was 
45% higher in 2010 than that in 2009 owing to the startup of the 
Meadowbank Mine and the first full year of production from the 
Lapa Mine of 3,650 kg of gold (Agnico-Eagle Mines Ltd., 2011, 
p. 5—6, 8-11, 13). 

Barrick owned and operated the Hemlo Mine and produced 
7,530 kg of gold in 2010 compared with 8,550 kg in 2009. The 
drop in production was attributed to the processing of lower 
grade ore (Barrick Gold Corp., 2011a, p. 64; b). 

Mine production in 2010 was lower at NorthGate Minerals 
Corp.'s (Vancouver) Kemess South Mine in British Columbia 
and Vale S.A.'s (Rio de Janeiro, Brazil) Sudbury nickel 
operations in Ontario. Gold production from the Kemess 
South Mine was 3,130 kg, 72% less than production in 2009 
because the mine was nearing the end of its mine life (Northgate 
Minerals Corp., 2011). Vale's Sudbury operations produced 
1,310 kg of gold, which was 17% less than 2009 production 
because of a labor strike which started in July 2009 (Vale 
S.A., 2011, р. 35, 44). IAMGOLD’s Doyon Division produced 
1,030 kg of gold т 2010, down by 69% compared with 2009 
production because of the closure of the Doyon Mine in 
December 2009 and reduced production from Mouska Mine as 
it neared its end of life IAMGOLD Согр., 2011, p. 42, 44). In 
2010, Aurizon Mines Ltd. (Vancouver) produced 4,290 kg of 
gold, 13% less than 2009 gold production from its Casa Berardi 
Mine in Quebec (Aurizon Mines Ltd., 2011, p. 25). Westdome 
Gold Mines Ltd. (Toronto) owned the Eagle River Mine in 
Ontario and the Kiena Mine Complex in Quebec. In 2010, the 
Eagle River Mine produced 1,140 kg of gold, 65% lower than in 
2009. The Kiena Mine Complex produced 1,000 kg of gold in 
2010, 1076 lower than 2009 production (Westdome Gold Mines 
Ltd., 2011, p. 6). 

St Andrew Goldfields Ltd.’s (Toronto) Hislop Mine began 
production in June 2010 and produced 342 kg of gold during 
the year. The company’s Holloway Mine, in Ontario, produced 
1,790 kg of gold, 67% more than 2009 production because 
it was the first full year of production (St Andrew Goldfields 
Ltd., 2011, p. 7-11). Brigus Gold Corp. (Halifax, Nova Scotia) 
formerly Apollo Gold Corp., produced 2,170 kg of gold at its | 
Black Fox Mine in Ontario, which was 34% greater than 2009 
production (Brigus Gold Corp., 2011, p. 6). 

Chile.—In 2010, gold production was 38,400 kg, 6% less 
than that in 2009. The production losses were attributed to 
reduced production from Kinross's Maricinga Mine because 
of longer leach times. In 2010, the mine produced 4,960 kg of 
gold, 32% less than in 2009. Kinross's other mine in Chile, La 


. Coipa, produced 6,110 kg of gold in 2010, 15% less compared 


with 2009 because lower grade ore was processed (Ki 

Corp., 2011, p. 55-59). pane 
The country’s leading gold-producing mine was Yamana 

Gold’s El Penon Mine, which produced 7,980 kg of gold, 19% 


‘more than in 2009 because of increased tonnage processed 


higher recovery rates, and increased gold 
, grade. Yamana al 
produced 2,940 kg of gold from Minera Florida, 1594 о 
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that in 2009 because | 
Gold Ine., 201 ee щш was completed (Yamana 

China.— China's gold production increased by 894 to 
345,000 kg, compared with 2009 gold production. The increase 
In gold production resulted from consolidation of smaller 
inefficient gold mines into larger more efficient gold mines and 
Increases in mining because of higher gold prices, the low cost 
of ape Dye support from the central government, 

, Zijin Mining Group Co., Ltd. (Zijin, Guangdon 
Province) was the leading gold producer vith more es 5 
69,100 kg of gold production, including 29,200 kg of its own 
mine-produced gold and 39,900 kg of gold refined from third 
party ores. Production was 896 lower in 2010 than in 2009 
because of heavy rains, flooding, and a tailings dam collapse 
(Zijin Mining Group Co., Ltd., 2011, p. 8). 

In 2010, Eldorado Gold Corp. (Vancouver) fully integrated 
the three gold mines, two gold projects, and several exploration 
projects in China that the company acquired from its merger 
with Sino Gold Mining in 2009. The Jinfeng, Tanjianshan, and 
White Mountain Mines produced 11,100 kg of gold in 2010, 
which was 13% more than production in 2009. In 2010, Jinfeng 
was the second leading gold mine in China and produced 
5,630 kg of gold. Tanjianshan and White Mountain Mines 
produced 3,540 kg and 1,930 kg of gold, respectively (Eldorado 
Gold Corp., 2011, p. 8, 10-12). 

Colombia.—In 2010, gold production increased by 12% 
compared with that in 2009. A substantial portion of the increase 
came from small-scale mines. Mineros SA (El Bagre), the 
leading producer of gold, increased output by 10% because 
commissioning of the Ye Mine and increased production from 
dredging operations. These increases were partly offset by the 
suspension of mining at Gran Colombia Gold Corp.’s (Toronto) 
Frontino Mine (Klapwijk and others, 2011, p. 44). 

Côte d’Ivoire.—In 2010, production of gold was | | 
5.800 kg, 13% less than in 2009, because of production declines 
at Newcrest's Bonikro Mine. In 2010, the mine produced 2,920 
kg of gold, 37% less than 2009 production (Newcrest Mining 
Ltd., 2011). In 2010, Cluff Gold plc (London) produced | 
629 kg of gold from its 90%-owned Angovia Mine. The mine 
produced 7% less gold in 2010 than that in 2009 because of the 
deteriorating political environment as well as operational challenges 
in the second half of 2010 (Cluff Gold plc, 2011, p. 20). кк 

Randgold Resources Ltd. (London) started production a Чч 
Tongon Mine in the fourth quarter of 2010. The mine produce 
875 kg of gold during the year and was projected to produce 
8.000 kg in 2011 (Randgold Resources Ltd., 2011, p. 26-29). 

| ап Republic.—GlobeStar Mining Corp. (Toronto), 

2. subsidiary of Perilya Ltd. (Leederville, Western 
a fully о produced 494 kg of gold in 2010 at its 
Australi, поп copper-silver-gold mine, 32% more than 
Cerro de 2. 2009 (Perilya Ltd., 2011, p. 4). Construction of the 
production о d Goldcorp (40%) jointly owned Pueblo Viejo 
Barrick (6076) gi in 2010, and the mine was scheduled to start 
project о first quarter of 2012. The project could produce 
producing int А 000 kg/yr of gold during the first 5 years of 
an average 0! ^ k Gold Corp., 20118, р 20, 41). 
| 52010; gold production was 2,590 kg, up from 
Egypt о All of the production came from Centamin Egypt 


Ltd.’s (Mt. Pleasant, Western Australia, Australia) Sukari Gold 
Mine, in the eastern desert of Egypt (Centamin Egypt Ltd, 
2011). | 

Ethiopia.—Sharp increases in gold prices led to additional 
small-scale and artisanal mining operations in Ethiopia. In 
2010, production was estimated to have reached 12,000 kg, up 
200% from 2009 production. Almost all of the mine production 
came from artisanal, placer, and small scale-mining. Ethiopia 
currently has only one large-scale gold mine, MIDROC Gold 
Mine plc's (Addis Ababa) Lega Dembi Mine; gold production at 
the open pit and underground mine was estimated to be 
3,750 kg, in 2010 (Klapwijk and others, 2011, p. 44). 

Finland.—In 2010, Agnico-Eagle had its first full year of 
production from the Kittlia Mine in northern Finland. The mine 
produced 3,930 kg of gold in 2010, which was 41% more than 
2009 production of 2,300 kg of gold (Agnico-Eagle Mines Ltd, 
2011, p. 7-8). 

Ghana.—Production of gold in 2010 was 82,000 kg, which 
was 3% higher than that of 2009. Gold Fields purchased 
18.9% of the Damang and Tarkwa Mines from IAMGOLD to 
bring its ownership to 90% of both mines with the remaining 
10% held by the Government of Ghana. The Tarkwa Mine 
produced 22,900 kg of gold, 10% more than production in 2009 
owing to increased throughput. The Damang Mine produced 
7,090 kg of gold, 13% more than 2009 production because of 
commissioning of the secondary crusher (Gold Fields Ltd, 
2011, p. 106—109). 

Production from Newmont's Ahafo Mine was 17,000 kg, 
up slightly compared with 2009 gold production owing to an 
increase in ore grade. In 2010, AngloGold's Iduapriem and 
Obuasi Mines produced 15,600 kg of gold, 12% less than 2009 
production. The drop in production was caused by a work 
stoppage at Iduapriem from February 11 to April 20 to increast 
capacity to the tailings storage facilities and less ore mined at 
Obuasi (AngloGold Ashanti Ltd., 2011, p. 84-88; Newmont 
Mining Corp., 2011, p. 62). | 

Production of gold at Golden Star Resources Ltd.'s (Littleton 
CO) Wassa Mine was 22% lower than 2009 production because 
of unscheduled mill maintenance. Golden Star's Bogoso Mine 
produced 5,320 kg of gold in 2009, 9% less than that in 2009 


because of wet weather (Golden Star Resources Ltd., 2011, 
p. 3, 13). ; 

їпеа.— ion in 2010 fell by 16% compare 
Guinea.— Gold production in 20 y мурт 


with that of 2009. AngloGold's Siguiri Mine pro of 
kg of gold in 2010, 14% less than 2009 production m А 
lower оге grade (AngloGold Ashanti Ltd., 2011, р. 8 » 
2010, SEMAFO’s Kiniero Mine produced 936 kg of 4 
less than 2009 production (SEMAFO lnc., 2011, р a : 

Indonesia.—1n 2010, gold production fell i - 
8% decrease compared with 2009 gold production. 2) s 
the leading gold producers were соррет mines ae 5 E 
byproduct gold. Freeport McMoRan S o spes 
Newmont-operated Batu Hijau Mine represente esin 
(60,700 kg) and 19% (22,900 kg), respectively, 0 керт 
gold production in 2010. Production at A p^ sate 
than production in 2009 because of mining int E DM 
zone of the pit. Production from Grasberg was MEUM grade 
decrease again in 2011 as mining continued In 
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Я zone of the pit. In 2010, Batu Hijau's production was 32% more 
* than 2009 production owing to higher grade ore 
(Freeport-McMoRan Copper & Gold Inc., 2011, p. 43; 

Sh Newmont Mining Corp., 2011, p. 61). 

Шы Production was up at Newcrest's Gosowong Mine, which 

" | produced 14,900 kg of gold, 29% more than in 2009 (Newcrest 

Ч Mining Ltd., 2011). 

T. Kazakhstan.—In 2010, gold production was 29,900 kg, 

in 33% greater than 2009 production. The main reason for the 

VÉ: increase was the start up of Kazzinc JCS's (Ust-Kamenogorsk) 

li Vasilkovskoje Mine in the second quarter of 2010. The mine was 

ll^ expected to reach full production capacity of 12,000 kg/yr of gold 

йш by the second quarter of 2011 (Klapwijk and others, 2011, p. 44). 

it  Polyus Gold Mining Co. (Moscow, Russia) owned 65% of 

"t KazakhGold Group Ltd.'s (London) four mines in Kazakhstan. 

МШ In 2010, the mines produced 6,890 kg of gold, which was 22% 
greater than 2009 because of continued modernization of the 

ШІ. production facilities and the startup of the Akzhal Mine (Polyus 

Wi Gold Mining Co., 2011, p. 4, 11, 19). 

0 Kyrgyzstan.—Gold production for 2010 was 18,300 kg, an 

lis increase of 8% compared with that in 2009. Despite a 10-day 

Ш shutdown, Centerra Gold Inc.'s (Toronto) Kumtor Mine produced 

mt 17,700 kg of gold in 2010, an 8% increase compared with 2009 

82 production because of higher mill grades and increased recovery 

iw rates (Centerra Gold Inc., 2011, p. 15). 

f Mali—AngloGold had interests in three gold mines in 
Mali—Morila (AngloGold and Randgold, 4096 each, and 

in the Government of Mali, 20%), Sadiola (AngloGold and 

5 IAMGOLD, 41% each; and the Government of Mali, 18%) 

y and Yatela (AngloGold and IAMGOLD, 40% each, and the 

i Government of Mali, 20%). In 2010, these mines produced 

Wt 21,000 kg of gold, 26% less than gold production in 2009 

№ (AngloGold Ashanti Ltd., 2011, p. 92-97). 

€ The Morila Mine was operated by Randgold and produced 

№ 7400 kg of gold in 2010. The 30% decrease in production 

| compared with that of 2009 was because mining the open 

5 pit was completed in 2009, and the company was treating 

y 2. stockpiles. In 2011, production was projected to be 

№ Aout 4,000 Кр of gold because only treatment of the low-grade 


y Stockpiles was scheduled to continu i 
| e until 2013 (An 
| Ashanti Ltd., 2011, p. 92-93). (AngloGold 


The Sadiola operati 
$ approximately 77 km 
й Produced 8,930 kg of 
y 112009, The decrease 
У 10 е depletion of е 
i Production was projec 


E 


on consisted of five open pits that are 
south of Kayes. In 2010, the operation 
gold, which was 1994 less than production 
was caused by lower ore grades owing 
Sadiola main pit reserves. In 201 I 

ted to increase because of the addition of 


| gravity s i frasi 
P ш circuit (AngloGold Ashanti Ltd., 2011, 


s 112010, the Yatela Mine, 


| 25 
в 4670 kg of gold, а 32% лом of Kayes, produced 


| decrease compared wi 
, Product sa pared with 2009 
lon. The mine was originally scheduled to close in 2010, 


alth . 
| ^ lige been extended. Production dropped in 
a ж 
Ashanti Ltd., 201 l, құлар шыны. “ЛЕОН 


dgold Owned 80° 
Was owned by the 80% of the Loulo Gold Mine: the other 20% 


Gove : . 
ЕТТІ ernment of Mali. In 2010, the mine prod 
8 of gold, which was 11% less than 2009 BR HS 


Ludere oer 


GOLD...» 010 


i 


because of lower throughput, which was a result of power outages 
and technical problems at the processing plant during the first 

6 months of the year. The mine consists of three open pits, Gara, 
Loulo 3, and Yalea and two underground operations, Gara and 
Yalea (Randgold Resources Ltd., 2011, p. 16-18). 

Mexico.—In 2010, Mexican gold production reached 
an alltime high of 72,600 kg, a 41% increase from 2009 
production; production from newly opened mines was the 
principal factor in increased production. Goldcorp operated 
three mines іп Mexico—El Sauzal, Los Filos, and Penasquito. 
On August 6, the company sold the San Dimas Mine to 
Primero Mining Corp. (Toronto). The Penasquito Mine started 
commercial production on September 1 and produced 5,230 kg 
of gold in 2010. In 2010, El Sauzal produced 4,730 kg gold, a 
25% decrease compared with gold production in 2009 owing to 
the age of the mine and lower ore grades. The Los Filos Mine 
produced 9,520 kg of gold in 2010, 2896 more than production 
in 2009 because of higher tonnage mined and the higher ore 
grade (Goldcorp Inc., 2011, p. 30-31, 51-52). 

Fresnillo plc (London) operated three gold mines and one silver 
mine with byproduct gold production. In 2010, Fresnillo's gold 
production was 11,500 kg, 2596 more than 2009 gold production. 
Fresnillo began production from the Soledad-Dipolos Mine in the 
first quarter of 2010. Combined with new production, Fresnillo 
also had increased production from the Cienega and Herradura 
Mines (Fresnillo plc, 2011, p. 34, 48-49). 

Other mines that had increased production in 2010 were 
New Gold's Cerro San Pedro Mine which produced 3,690 kg 
of gold, 24% more than that in 2009 because higher ore grades 
and recovery rates more than offset the drop in tonnage mined 
(New Gold Inc., 20112, р. 10-12). In 2010, Agnico-Eagle had 
its first full year of production from its open pit Pinos Altos 
Mine in Chihuahua State, producing 4,100 kg of gold (Agnico- 
Eagle Mines Ltd., 2011, p. 9-10). In 2009, Coeur d'Alene began 
gold production from its Palmarejo Mine, and in 2010, the mine 
produced 184,000 kg of silver and 3,190 kg of gold (Coeur 
d'Alene Mines Согр., 2011, р. 2). 

On July 1, Gold Resources Corp. (Colorado Springs, CO) 
began commercial production from its El Aguila project | 
and produced 326 kg of gold during the year. The company 
expected production to reach 2,000 kg by 2011 (Gold Resources 
Corp., 2011, p. 4). NWM Mining Corp. (Toronto) began dore 
production in December at its Lluvia-Jojoba Project in northern 
Sonora (NWM Mining Corp., 2010). SilverCrest Mines Inc 
(Vancouver) began production from its Santa Elena Mine in 
September 2010 and produced 1,710 kg of silver and 67 kg of 
gold by yearend (SilverCrest Mines Inc., 2011). 
| Production at some mines decreased in 2010. Alamos Gold 

nc.'s (Toronto) Mulatos Mine produced 4,850 kg of gold, a 
decrease of 1496 because of adverse weather conditions that 
hampered mine operations (Alamos Gold Inc., 2011, p 3-4) 

In 2010, Minefinders Corp. (Vancouver) produced 1,750 k | f 
gold from the Dolores Mine, 38% less than 2009 producti #4 
(Minefinders Corp., 2011). The San Dimas Mine DD TE 
Primero in 2010, produced 2,660 kg of gold and 141 000 k 

0 
silver, 3296 and 1294 lower, respectively, than gold dnd il zd 
production in 2009. However, production In 2011 was 2. , 
to be 15% more than 2010 production (Primero Mining Com. 
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2011, p. 1, 9). Gammon Gold Inc. (Toronto) operated two 
mines, Е] Cuba and Ocampo. In 2010, the Ocampo Mine 
produced 3,130 kg of gold, 5% less than 2009 production. The 
El Cuba Mine produced 347 kg of gold in 2010, a 59% drop in 
production as compared with 2009 because of labor problems in 
2010 (Gammon Gold Inc., 2011). 

Mongolia.—Gold production in 2010 was 6,040 kg, 38% less 
than 2009 production partially owing to decreases at Centerra 
Gold's Boroo gold mine. Gold production from the mine 
was 3,460 kg in 2009, which was 2696 lower owing to lower 
mill grades and a lower contribution from the heap-leaching 
operation, which was idle, awaiting a final operating permit. 
Mining activities ceased at the end of November, but the mill 
was expected to continue to operate for at least 2 years by 
processing stockpiled ores (Centerra Gold Inc., 2011, p. 19). 

Namibia. —AngloGold's Navachab Mine produced 2,670 kg 
of gold in 2010, which was 32% higher than gold production 
in 2009. The increase was a result of greater volume mined 
from the bottom of the pit and the treatment of high-grade 
concentrates from the dense media separation plant, which was 
commissioned during 2010 (AngloGold Ashanti Ltd., 2011, 

р. 99-100). 

New Zealand.—1n 2010, gold production was 13,000 kg, а 
3% decrease compared with production in 2009. Newmont's 
Waihi Mine produced 3,360 kg, 496 less than 2009 production 
because of a lower mill grade (Newmont Mining Corp., 2011, 

р. 61-62). In 2010, OceanaGold Corp. (Melbourne) produced 
5.680 kg of gold from the Macraes Goldfield Mine, which was 
17% less than 2009 production owing to lower grades from ше 
open pit and the Frasers underground operations. OceanaGold's 
other operation, the Reefton Goldfield Mine, produced 2,670 kg 
of gold in 2010, which was slightly less than production in 2009 
(OceanaGold Corp., 2011, p. 13). " 

Panama.—NWith production for the recently opened Petaquilla 
Minerals Ltd.'s (Vancouver) Molejon gold mine in ee 
2009, gold production in Panama jumped from 800 kg in 


to 1,300 kg in 2010. The company was planned to develop a 


heap-leaching operation in 2011 and expected to produce 


i 11). 
f gold in 2012 (Redwood, 20 | 
3 d Guinea.—Production from Papua New Guinea 


that in 2009. Barrick owned 95% of 
mines ы кеткені New Guinea Government held 
2. 5%. Barrick's share of production was 
the be. old in 2010, which was 696 lower than 2009 | 
16,100 kg 2 of low rainfall and water shortages, which 
и r mill throughput, and pit wall stability issues 
cn Gold Corp., 201 1a, р. бб) f sold, 5% more 

crest produced 25,100 kg of gold, >% 

In 2010, abe from its Lihir Island operations. Newcrest also 
than that of 209 Hidden Valley Mine, which started production 
of p -oduced 5,260 kg of gold in 2010 (Newcrest 
оа Production at Ok Tedi Mining Ltd.'s 
8., 2011) was 15,100 kg in 2010, 6% lower than 
di Mining Ltd., 2011). "n 
| G duction from mines In the Philippines 

РР у to 40,800 kg of gold in 2010. Much $ 
increased by + ted to the ramp up of CGA Mining Ltd. s 
:ncrease Was attri ы duction in 2009. Іп 
(Perth) Masbate Mine 
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2010, the mine produced 5,680 kg of gold, up from 2009 gold 
production of 2,060 kg (CGA Mining Ltd., 2011). Production 
also increased at Medusa Mining Ltd.’s (Como, Western 
Australia, Australia) Co-O Mine, which produced 3,160 kg of 
gold in 2010, up 5196 compared with 2009 production (Medusa 
Mining Ltd., 2011, p. 4). 

Реги.—т 2010, gold production decreased by 10% to 
164,000 kg compared with production in 2009. Newmont 
and Compañía de Minas Buenaventura S.A.A. (Lima) jointly 
owned the Yanacocha Mine in the Cajamarca District, which 
produced 45,500 kg of gold in 2010, 29% less than in 2009. The 
production decline was attributed to mine sequencing resulting 
in increased waste mining and lower grade ore (Newmont 
Mining Corp., 2011, p. 60). 

Buenaventura owned or partly owned 11 other mines that 
produced gold in 2010. In 2010, excluding production from 
the Yanacocha Mine, Buenaventura produced 13,500 kg, 
slightly more than production іп 2009 (Compañía de Minas 
Buenaventura S.A.A., 2011, p. 3). 

Barrick's Lagunas Norte Mine produced 25,100 kg of gold in 
2010, 20% less than production in 2009, because of the planned 
mining of lower grade ore in the second half of 2010. Barrick’s 
other operation in Peru, Pierina Mine, neared the end of its 
economic mine life, and produced 5,940 kg of gold, 30% less 
than production in 2009 (Barrick Gold Corp., 201 1a, р. 655) 

In 2010, Gold Fields produced 4,730 kg of gold from the 
Cerro Corona copper and gold mine, 22% more than gold 
production in 2009. The increase was a result of processing 
higher grades, increased throughput, and enhanced recovenes 
(Gold Fields Ltd., 2011, p. 102-104). 

Russia.—In 2010, Russian gold production was 192,000 kg, 
slightly less than 2009 production. The leading gold producer in 
Russia was Polyus Gold Mining Co. (Moscow) with — 
43,100 kg of production from five mines and several alluvial 
deposits, a 10% increase compared with 2009 production. Some 
of the increase was attributed to startup of the Blagodatnoye 
Mine in the Krasnoyarsk Region and startup of the largest 
capacity gold mill in Russia (Polyus Gold Mining Co., 2011, 

. 4—9). 
d In i the Kupol Mine (75% owned by Kinross) produced 
23,000 kg of gold, 20% lower than production in c 
Production was lower because of a 21% drop v dum P 
resulting from planned mining sequencing and 2 Т 22-5) 
lower grade ore stockpiles (Kinross Gold Corp. 2 "и 

In 2010, Petropavlovsk plc (London) produced 15, о » 
of gold, an increase of 496 compared with ae qme M Slo 
Petropavlovsk produced gold from (шее LS ventur. 
Pioneer, and Pokrovskiy), alluvial operations, * ! Fthe Malomir 
Much of the increase was attributed to the startup 2 
Mine in August (Petropavlovsk ріс, 201. n Petersburg) М 

In 2010, production from JSC роутер Sy i crest 

саев | d to 13,800 kg, а 30% 1 
gold-producing mines Increase vc a result ofan 
from production in 2009. The increase м "010 USC Polymetal, 
increase in the amount of ore processed ІП 2 


2011). | 

Highland Gold Mining Lt 
(HGM) produced 6,220 kg 0 
more than production in 2009 bec 


nited Kingdom) 
This was 18% 
Gora Mine 


d. (St. Helier, U 
f gold in 2010. 
ause the Belaya 
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dy opened, and production from the Novoshirokinskoye and 

ІҢ Mnogovershinnoye Mines increased (Highland Gold Mining 

lie Lid., 2011, p. 4, 12-14). 

ЫЛ South Africa.—In 2010, South Africa's gold production 

liti of 189,000 kg was а 5% decrease from that in 2009 owing to 
decreased ore grades and closure of under-producing shafts, 

Wl. which eventually was expected to decrease mining costs and 

ШІ increase mine production. Increased labor costs, higher costs 

ЦЕ associated with deep-level shafts, new royalties on mining 

il revenue, power supply issues, and temporary closure of shafts 

iiti owing to mine accidents continued to affect the industry and 

im caused mine production to decline during the past 8 years to the 

и lowest level since 1906 (СРМ Group, 2011, p. 77-83). 

[n 2010, three companies operated mines that accounted for 
йк almost 80% of South African gold production. They were, in 
mi: descending order of production, Gold Fields, AngloGold, and 
ii. Harmony Gold Mining Co., Ltd. (Randfontein). 

ш 112010, Gold Fields's South African operations produced 
58,000 kg of gold, 1196 less than 2009 production from the 

‘it Beatrix and South Deep Mines and the Kloof-Driefontein 
жі Complex (KDC). Only the South Deep Mine increased 
ШІ production in 2010 because of an increase іп the amount of ore 
іш processed as the mine continued to ramp up to full production. 
іш In 2010, gold production at Beatrix was 6% lower and 
ix Production from KDC was17% lower as compared with 2009 
di production. Safety-related work stoppages and the replacement 
па ofa water pump column were responsible for the decrease in 

ір production (Gold Fields Ltd., 201 1, p. 96-100). 
yt AngloGold had six deep-level mines and one surface 

operation in the West Wits and Vaal River regions that, 

„i combined, produced 53,500 kg of gold in 2010, 3% more than 
r that in 2009. In 2010, the West Wits operations included the 

# Mponeng, Savuka, and Tau Tona Mines and produced 

4 25,300 kg of gold, 6% more than production in 2009. The 

y Veal River operations included the Great Noligwa, Kopanang, 
r and Moab Khotsong Mines. Production for the Vaal River 

ү; Operations Was 28,200 kg, slightly more than 2009 production. 
0 The production increase was attributed to the ramping up of 

| iini rn: Mine, which produced 9,080 kg or 18% 

j S. Uds with that in 2009 and to an increase 

4 ои j at s Tona. This increase was partially offset by 
( dabit n й ines at Great Noligwa, Kopanang, and Savuka 
; ne Sdn ety-related work stoppages and lower ore grades. 
ш 5. т Tau Lekoa Mine to Simmer and Jack Mines 
| "TA 58-81) 2) on August 1 (AngloGold Ashanti Ltd., 
| Harmony operated 11 underground mines, 2 surface 


Operation : 
T 3, and several other gold-producing operations in 
production from Harmony's operations 


f South Africa. In 2010, 


W 
oe kg of gold, 12% less than that in 2009. Underground 
4 Much of : produced 1594 less gold in 2010 than that of 2009. 
| enn d decrease came from Virginia (3,560 kg less) and 
i ШШ (2,780 ke less). In 2010, Harmony closed shafts at the 
| . Evander Operations, which led to a 51% and 55% 
010, Ma 48 compared with 2009 production. In 
| ШО ction from surface operations increased by 2396 
| production, which resulted from processing a greater 


, Wantity of wast 
ETE rock dumps (Harmony Gold Mining Co., Ltd., 


‚ 0010-2010 
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Simmer and Jack Mines operated the Buffelsfontein and 
the Transvall gold mines. In 2010, these mines produced 
3,730 kg of gold, 7% less than in 2009 owing to the closure 
of underground mining at Transvall and closure of two shaft 
complexes at Buffelsfontein as well as safety-related work 
stoppages (Simmer and Jack Mines Ltd., 2011, p. 16-21). 

In 2010, Gold One International Ltd. (Sydney) produced 
2,070 kg of gold from its Modder East Mine in its first full year 
of production; the mine began production in the second quarter 
of 2009 (Gold One International Ltd., 2011, p. 7). First Uranium 
Corp. (Toronto) produced gold from its Ezulwini underground 
operations and from its Mines Waste Solutions (MWS). In 2010, 
Ezulwini sold 1,860 kg of gold and MWS sold 2,580 kg of gold, 
more than 2009 production (First Uranium Corp., 2011). 

Sudan.—Gold production in 2010 was estimated to be 4,000 
kg, more than double 2009 production. The country's only 
large-scale gold mine was the Hassai Mine, which was operated 
and 40%-owned by La Mancha, produced 2,130 kg of gold, 11% 
more than 2009 gold production (La Mancha Resources Inc., 
2011). The remaining production from small-scale and artisanal 
mines increased substantially because of the sharp increase in 
gold price in 2010 (Klapwijk and others, 2011, p. 42). 

Suriname. —[AMGOLD'Ss Rosbel Mine was the leading 
gold-producing mine in the country with 12,300 kg of gold 
produced, slightly more than in 2009. The increase was 
attributed to higher mill throughput (IAMGOLD Corp., 2011, 

p. 16). 

Tajikistan. —т 2010, gold production increased by 51% to 2,050 
kg, compared with production in 2009. The country had 3 gold 
producers and 31 gold deposits with estimated reserves of 675 t 
of gold. The Zerfshan joint venture, 75% owned by Zijin Mining, 
produced 1,220 kg of gold in 2010 (Interfax Russia & CIS Metals 
and Mining Weekly, 2011). 

Tanzania.—In 2010, gold production increased by 7% to 42,000 
kg, compared with 2009 production. In March, Barrick created 
African Barrick Gold plc (London) to hold Barrick's African gold 
mines, gold projects, and gold exploration properties. Barrick's 
share of gold production from Tanzania operations was 17,500 
kg, a 21% decrease from that in 2009. In 2010, Barrick's share 
of Buzwagi Mine production was 4,700 kg of gold, 2094 less 
than production in 2009. Barrick's gold production shares of the 
Balyanhulu and North Mara Mines, were 16% and 19% less, 
respectively, in 2010 compared with 2009 production. Production 
from the Tulawaka gold mine [7096 owned by Barrick and 30% 
owned Бу МОМ Inc. (Montreal)] was 1,060 kg of gold in 2010 
a decrease of 4896 compared with production in 2009 because of 
lower ore grade (Barrick Gold Corp., 20114, p. 66-67; b). 

AngloGold's Geita Mine produced 11,100 kg of gold in 2010 
31% more than production in 2009. Improvements in ore grades 
were the main reason for the increase; however, some of this 
increase was offset by a planned mill shutdown in the third quarter 
(AngloGold Ashanti Ltd., 2011, p. 10 1-102). 
| Turkey. —With 700 t of gold reserves and five active gold mines 
in 2010, gold production was 17,000 kg, an increase of 17% 
compared with that of 2009. The Eldorado Gold Kisladag Mine, the 
leading gold mine in Turkey, produced 8,540 kg of gold, 14% hore 
than in 2009. The proven and probable reserves for the mine were 
estimated to be 318,000 kg of contained gold (Eldorado Gold 
Corp., 2011, p. 6, 8; Sener, 201 1). 
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Outlook 


| Worldwide and domestic gold production was expected to 
increase in 2011 because of new mines starting production and 
older mines expanding production. Gold consumption was 
expected to continue to increase because jewelry consumption 
in China and India were expected to continue to increase. The 
increases in China and India are likely to outpace the declines 
in jewelry consumption in rest of the world and from decreases 
in consumption in other end uses because of higher gold prices. 
Investment in gold in various forms was expected to continue 
to increase as investors purchase gold as a safe haven, a hedge 
against economic failures, a portfolio diversifier, and as a store 
of wealth. 
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TABLE 1 
SALIENT GOLD STATISTICS! 
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Кет Six x 2006 2007 2008 2009 2010 
nited States: 
Production: | 
_ Mine: | кои 
m © kilograms 252,000 238,000 233,000 223,000 2100 
Vale — 222000002 thousands _ $4, 910, 000 - _ $5, 350, 000 $6,550,000 $7,000,000 $9,130,000 
Gold recovered by cyanidation: 
... Extracted in vats, tanks, closed containers” kilograms м у W w у 
____Геасћед in open heaps or dumps” do. 217,000 207,000 - 194,000 188.000 ' 192,000 
_ _ Refinery: Ре ——————— 
Concentrates and dore mE |. do. 181,000 176,000 168,000 _ 170,000 175,000 
Recycled materials (new and old scrap) E do. _ 89, 100 _ К 135, 000 181,000 189,000 198,000 
_ Exports, refined К . do. 228000 | 392,000 222 459,000 281,000 295,000 
_ Imports for consumption, refined . do. 136,000 1 13,000 118,000 127,000 199,000 
Net deliveries from foreign stocks in Federal Reserve Bank of 
New York | do. -o 189,000 220,000 ~ = 
Stocks, ien | BEES 
Industry? | |. do X 2,000 1,140 - w 9,200 6810 _ 
Gold exchange traded funds holdings, United States only | do. _ 498, 000 | 683, 000 _ 847,000 1,220,000 1,450000 
_ COMEX BEEN dO _ 234,000 229,000 265,000 305000 361,000 _ 
__US. .5. Department of the Treasury . metric tons 2228, 140: 8,44 8,140 8,140 8,140 
U.S. Gold Futures Trading до. _ _ 49,500 | 0. 900 11,900 110,000 139,000 
' _ Сопзитрноп: _ MERI 
American Buffalo Bullion gold coin"  kilograms —— 10,500 4,250 _ 5,890 6220 6,500 
American Eagle gold coin" до. | 2 9,770. 12,800 35,600 44,300 38000 — 
In industry and the arts о д. 185000 180000 176,000 150000 180,000 
_ Price, average’ | dollars рег troy ounce 605.83 698.95 873.50 974.68 1,227.51 _ 
| Т 50 9130 | 10,200 
_ Employment, mine and mill only! MESE "MVP ЕСЕ |. 94130 950 9,650 
World: | ие MEME A | | 
P oduction mine kilograms 2,370,000 2,350,000" 2,280,000" 2,460,000 2,560,000 " 
r , PIT | рм | ее 
^ Official bullion n reserves" metric tons 30,400 29,900 28,700 130,700 31,100 | 
ісі — x 
"Estimated. Revised. do. Ditto. М Withheld t to o avoid disclosing company proprietary data. -- Zero. 
грака are rounded to no more than three significant digits, except prices. 
^ May include small quantities recovered by gravity methods. 
ЗМау include tailings, waste-ore dumps, and previously mined ore at some inactive mines. 
^Unfabricated refined gold held by refiners, fabricators, dealers, and the U.S. Department of Defense. 
n 
5COMEX only. 
врага from U.S. Mint. 
"Engelhard quotation. РЕ 
8 Mine Safety and Health А ministration. 
Data from the -— 
| monetary organizations. Data from the International Monetary Fun 
Неја by central banks, governments, and internationa ry org 
TABLE 2 
MINE PRODUCTION OF GOLD IN THE UNITED STATES, BY STATE' 
(Kilograms) 
State 2009 7-7 2010 
TTE mE Ww 28,100 
laska MEE "EN 
ее Е 161,000 166,000 
Other States? mE Е 62,500 36,900 
ег РЕ е S 
^ Total 223,000 231,000 
W Withheld to avoid disclosing company proprietary data; included in “Other States." 
раја are rounded to no more than three significant digits; may not add to totals shown. 
?Includes Arizona, California, Colorado, Idaho, Montana (2009), New Mexico, 
d Washington. 
South Dakota, Utah, an _ 
LS ҮЕАЕВООК-? 


010 


TABLE 3 
LEADING GOLD-PRODUCING MINES IN THE UNITED STATES IN 2010, IN ORDER OF OUTPUT! 


Quantity 

Rank Mine County and State Majority owner (kilograms) 
| Goldstrike? Elko and Eureka, NV Barrick Gold Corp. 36,300 
2 Cortez? Lander, NV do. 35,500 
3 Eastern Nevada Operations’ Eureka, NV Newmont Mining Corp. 29,100 
4 Bingham Canyon? Salt Lake, UT Kennecott Utah Copper Corp. 14,500 
5 Twin Creeks Humboldt, NV Newmont Mining Corp. 14,100 
6 Pogo Southeast Fairbanks, AK Sumitomo Metal Mining Co. 11,900 
7 Smoky Valley Common Operation Nye, NV Kinross Gold Corp. 11,200 
8 Fort Knox Fairbanks North Star, AK do. 10,900 
9 Cresson Teller, CO AngloGold Ashanti Ltd. 7,250 
10 Phoenix Lander, NV Newmont Mining Corp. 6,660 
11 Kettle River-Buckhorn Okanogan, WA Kinross Gold Corp. 6,180 
12 Mesquite Imperial, CA New Gold Inc. 5,260 
13 Turquoise Ridge Humboldt, NV Barrick Gold Corp. 5,140 
14 Marigold do. Goldcorp Inc. 4,250 
15 Midas Elko, NV Newmont Mining Corp. | 3,960 
16 Hollister. do. Great Basin Gold Ltd. 2222 3,270 
17 Нусгой _ Humboldt and Pershing, NV Allied Nevada Gold Corp. 3,190 
18 Ruby Hill Eureka, NV Barrick Gold Corp. 2,530 
19 бош Elko, NV do. 2,320 
20 Мағ Lawrence, SD Wharf Resources (USA) Inc.' 2,280 
21 ^ Robinson White Pine, NV Quadra Mining Ltd. 2,270 
22 Greens Creek . Juneau, AK Hecla Mining Co. 2,140 
23 JerrittCanyon | Elko, NV Yukon-Nevada Gold Corp. —_ 2,030 
24 Bald Mountain | White Pine, NV Barrick Gold Corp. 1,800 
25 Florida Canyon Pershing, NV Jipangu Inc. 1,710 
26 Kensington Juneau, AK Coeur d'Alene Mines Corp. 1,340 
7 Виз — Inyo, CA Аша Resources Ltd. 784 
28 Denton-Rawhide Mineral, NV Rawhide Acquisition Holdings? 627 
29 Rochester Pershing, NV Coeur d'Alene Mines Corp. | _ 300 
n Mission Complex Pima, AZ ASARCO LLC” E 


do. Ditto. МА Not available. 


1 А . . 
Data are rounded to no more than three significant digits; the mines on this list accounted for more than 9994 of U.S. mine production in 2010. 


2 
Formerly listed as Betze-Post Mine. 


"Includes Cortez Hills and Cortez Pipeline Mines. 

"Includes Carlin East, Deep Post, Gold Quarry, and Pete Mines. 
"Quantity refers to total quantity of gold produced in concentrates. 
‘Wholly owned subsidiary of Rio Tinto plc. 
"Wholly owned subsidiary of Goldcorp Inc. 
"Rawhide Acquisition Holdings purchased 100% interest from Rio Tinto plc. on June 25, 2010. 


| oe . : 
Mine is ranked in the top 30 in the United States in 2010; however, public data were not available. The rank order is not shown 


to avoid disclosing company proprietary data. 
10 
Wholly owned Subsidiary of Grupo Mexico, S.A.B. de C.V. 


Sources: Company annual reports, company 10-K reports submitted to the U.S. Securities and Exchange Commission, 


releases, and Nevada Bureau of Mines and Geology. 
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31.16 
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TABLE 4 
U.S. EXPORTS OF GOLD, BY COUNTRY"? 


__ Ores and concentrates? 


Dore and precipitates 


. Refined bullion’ 


ү А Quantity Value Quantity Value Quantity — Vale | 
m саг and country | (kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) 
F = 2,160 548,600 97,400 — $3,000,000 281,000 $8,760,000 
Australia 129 5,310 - - 14,100 573,000 
Austria — -- 378 12,700 187 6,370 
Belgium -- -- -- -- 14 497 
Brazil -- -- -- -- 50 2,240 
Сапада -- -- 131 4,630 8,620 338,000 
China К 536 19,900 -- -- 23 901 
_ Costa Rica 798 13,400 -- s A m 
Czech Republic -- -- -- -- 6 250 
. Dominican Republic 19 138 -- -- 28 882 
Етапсе -- -- -- -- 186 7,130 
Germany 963 35,200 4 79 427 12,700 
Guatemala -- -- -- -- 36 1,050 
. Hong Kong. 161 6,320 -- -- 18,200 747,000 
India -- -- -- -- 30,900 1,180,000 
Indonesia -- - -- -- 243 9,150 
Ireland 147 1,990 -- -- 4 104 
Japan 2 14 -- - 10 214 
Korea, Republic of 220 9,070 -- -- 10 398 
Ten 3s = E a 14 415 
Latvia Е 12 246 = @ а @ 
_ Lebanon 5 Бы zd T7 B 15 528 
Malaysia си Ка z i 253 9,810 
122 452 10,400 12 160 1,800 61,800 
Oman be 25 -- -- 256 10,100 
Pakistan m -- 4 130 53 2,080 
Peri js -- 9 326 45 1,740 
singapore (5) 3 -- -- 126 4,720 
aec m E = -- -- 9,510 374,000 
Switzerland 3 116 83,600 3,130,000 29,300 1,130,000 
тыы ] 11 e -- 5,000 192,000 
qn ee = ~ = -- 1,050 39,800 
xc CHR 2s ad d -- 861 30,700 
на Arab Emirates 25 T = -- 3,080 117,000 
е 13 237 126 2,130 170,000 6,580,000 
 UnitedKingdom ______ И 2 79 2,460 - e 
_ Uruguay -~ " = ae из 39 836 
Белі ыны азанын 6 62 2 69 5 165 
ote ИШЕ ioo м0 3,160,000 255000 11,400,000 
Я 


-- Zero. 


Data are rounded to no more tha 
a were zero for listed years. 
concentrates, and matte destined for refining. | 
ween U.S. markets and foreign stocks on deposit in the Federal Reserve Bank. Monetary gold is excluded. 


? Ash and residues dat 
"Includes base-metal ores, 


i ‘rections bet 
АР оп also moves т both directio 


5Less than V unit. 


Source: U.S. Census Bureau. 


n three significant digits; may not add to totals shown. 
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Total 


Quantity 
(kilograms) 


Value 
(thousands) 


381,000 — $11,800,000 


14,200 
565 


126 
9,510 
113,000 
5,000 
1,050 
861 
3,080 
170,000 
79 

39 

13 
383,000 


578,000 
19,100 
497 
2,240 
343,000 
20,800 
13,400 
250 
1,020 
7,130 
47,900 
1,050 
753,000 
1,180,000 
9,150 
2,090 
228 
9,470 
415 
246 
528 
9,810 
72,300 
10,100 
2,210 
2,070 
4,720 
374,000 
4,270,000 
192,000 
39,800 
30,700 
117,000 
6,580,000 
2,460 
836 
296 
14,700,000 


оок—2010 


TABLE 5 
U.S. EXPORTS OF GOLD, BY COUNTRY! 


Waste and scrap Metal powder Gold compounds 
| Quantity Value Quantity Value Quantity Value 
( Year and country (kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) 
2009 728,000 $1,750,000 329 $8,460 2,680,000 $64,600 
2010: 
Antigua and Barbuda -- -- -- -- 311 6 
Aruba - -- -- -- 1,020 18 
Australia 24 3 1 21 992 18 
Bahamas, The -- ыы zb € 236 4 
Belgium 2,820 3,550 -- -- -- -- 
Belize -- - és ek 544 4 
Bolivia -- -- 11 11 2,490 45 
Canada 72,200 1,530,000 73 1,040 640,000 11,500 
Cayman Islands -— -- -- -- 1,900 34 
China -— -- 24 394 597,000 18,800 
Costa Rica -— -- 5 95 6,710 121 
Denmark 46 1,800 m S ы з 
Dominican Republic à = 2 21 73,900 1,330 
Ecuador Е " E к 900 28 
Етапсе - -- 22 382 3,400 64 
Germany 349,000 81,200 10 323 21,800 389 
Hong Kong 860 5,010 20 363 33,100 334 
India 3 37 53 1,750 9,030 163 
Ireland == - -- -- 18,900 340 
Israel = -- (2) 9 2,800 50 
Italy 2 20 -- = 2,290 25 
Jamaica ES M өзі = 2,570 46 
Japan 2,820 20,000 4l 835 1,430 26 
Korea, Republic of 1,110 228 3 44 10,400 187 
“Lebanon” я = > = 4,400 79 
Liechtenstein 15 276 -- -- -- -- 
Malaysia nS 2s ES -- 203,000 3,860 
Mexico = = 3 82 569,000 10,300 
_ Netherlands | m = 10 138 66,500 1,200 
Norway 22 " = -- 488 9 
Romania ЕЕ = " = = 693 12 
Saudi Arabia 3 E - -- 785 14 
Singapore - * 8 38 1,710,000 53,000 
. South Africa n == 1 13 645 12 
Sri Lanka — Ж > 28 395 -- -- 
Sweden - = = - -- 633 11 
Switzerland 10,400 396,000 1,710 60,500 583 11 
Taiwan ER e 11 222 256,000 4,560 
_ Thailand | 45 25 E 5.700 102 
Turkey E ы; 23 832 - - 
United Arab Emirates 1,210 27,400 36 618 -- -- 
United Kingdom 219,000 118,000 246 6,610 13,600 211 
“Meinaan. ы a - E 1,850 33 
Обе о 29 19 " 3 368 7 
_ Toa 7 660,000 2,180,000 2,340 74700 427000 107,000 
-- Zero. 


! е • a Ф 
Data are rounded to no more than three significant digits; may not add to totals shown. 


"Less than '4 unit. 


Source: U.S. Census Bureau. 
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TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF GOLD, BY COUNTRY! 


Total 


Value 


320,000 — $7,870,000 


43,800 
23,400 
1,180 
7,300 
154,000 
1,550 
4,230,000 
215,000 
432 
1,430,000 
11,500 
8,580 
7810 
516 
17,400 
20,200 
10,900 
198,000 
275 
204,000 
82,500 
16,400 
975 
5,170 
1,750 
4,010,000 
34,400 
52,000 
22,700 
478,000 
74,000 
831 
148,000 
224 
80,200 
1,030 


Ores and concentrates? Dore and precipitates A Refined bullion? 

Quantity Value Quantity Value Quantity Value Quantity 
| Year and country (kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) 
2009 46,600 $33,100 146,000 $4,260,000 127,000 — $3,580,000 
2010: | 
_ Argentina -- -- 86 5,010 924 38,800 1,010 

Australia 10 161 8 133 736 23,100 754 
Bahamas, The 25 E 50 1,180 -- -- 50 
Bolivia -- = 114 3,930 108 3,370 223 
_ Brazil ae = 121 4,890 3,830 149,000 3,950 
ВигКїпа Еа$о -- -- 2 82 63 1,470 65 
Canada 83 971 662 25,300 102,000 4,200,000 103,000 
Chile -- -- 1,520 64,100 3,940 151,000 5,460 
China -- ae - зы 11 432 11 
Colombia -- -- 24,700 801,000 19,000 629,000 43,800 
Costa Rica -- m 588 11,100 19 377 ’ 608 
. Dominican Republic -- -- 373 7,680 45 903 418 
Ecuador -- - 161 5,130 108 2,680 268 
El Salvador -- -- = = 35 516 35 
Егапсе -- - -- -- 834 17,400 834 
Germany - -- 7 152 632 20,100 639 
Ghana -- -- 104 2,660 227 8,270 331 
Guatemala -- -- 5,370 198,000 11 130 5,380 
Guinea we іы ue == 25 275 25 
Guyana -- -- 4,120 154,000 1,260 49,700 5,380 
. Honduras -- - 363 11,700 5,100 70,800 5,460 
Hong Kong -- -- EE ES 413 16,400 413 
zie 2 = 22 25 93 975 23 
к. NER - - 137 3,480 136 1,690 273 
Mali -- - 20 628 32 1,120 53 
Mexico — — | 257,000 56,900 91,000 2,640,000 49,300 1,320,000 397,000 
. Netherlands Antilles | - - 845 30,600 95 3,810 940 
Nicaragua Е = 1,470 50,700 84 1,310 1,560 
, Panama -- -- 373 8,760 449 14,000 822 
En - 5 14,100 469,000 361 9,050 14,400 
South Ака | -- -- 3 102 1,990 73,900 1,990 
Sweden Бы 
Switzerland _ Й - 2 ibi i 
аен ИИИ = -- 149 5,380 3,540 142,000 3,690 
United Arab Emirates 52 
Ueik ~ я я 6 = : 
FOR E = = 1,520 15,300 3,770 65,000 5,290 
e Er = ES J— X EM NE ON 33 
25227 sd 209 148,000 4,520,000 199,000 7,020,000 604,000 


2 


?Bullion al i irecti 
шоп also moves in both directions between U.S. markets and 


Source: U.S. Census Bureau. 


fining. 


1 
Data are rounded to по more than three significant digits; may not add to totals shown 
Includes base metal Ores, concentrates, and matte destined for re 
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11,600,000 


foreign stocks on deposit in the Federal Reserve Bank. Monetary gold is excluded. 


TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF GOLD, BY COUNTRY! 


Waste and scrap Metal powder Gold compounds 
Quantity Уш Quantity Value Quantity Value | 
| Year and country (kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) 
| ш 43400 $600,000 476 8,760 64,300 $1430 
2010: = 
| Antigua and Barbuda 9 154 -- ae - 2d 
| — Aruba 97 1,450 | 20 = m 
Australia -- -- 14 111 22 be 
Bahamas, The 526 4,860 -- -- an 2. 
Belize 30 479 = zs Ра 22 
Bolivia 88 2,260 -- =з РЕЗ 2 
Canada 8,900 134,000 16 38 -- -- 
Cayman Islands 11 199 -- - ui Е 
China 11 191 -- -- -- -- 
Colombia 23 723 25 Бс 2 2 
Congo (Kinshasa) = = 25 600 = 55 
CostaRica 0-00-05 2,360 26,800 Š is - = 
Dominican Republic 10,500 204,000 17 181 -- -- 
_ Ecuador с 26 621 - - - - 
El Salvador 4,730 83,000 == a M oe 
Germany” 13 74 16 243 9,180 267 
 Guatemda 00 2,050 20,200 -- -- -- -- 
Honduras 4,260 75,800 - -- -- -- 
Isal 1 32 9 218 i а. 
“ау о 208 2,040 3 59 -- -- 
Jamaica 702 9,380 26 = is ү 
lpn 2 41 І 13 24,200 844 
Korea, Republic of 5 92 (2) 1] -- -- 
Malaysia 61 1,190 = " T = 
Ма о 2 = 50 607 = 5 
Mexico 6,500 71,600 41 436 - -- 
Netherlands Antilles || 452 9970 " а E ~ 
Nicaragua 1,790 31,600 1 34 - - 
. Panama 1,490 29,700 - -- - = 
Sierra Leone ————— — | 28 76 1,260 -- - 
Singapore о 34 307 3 23 + - 
St. Lucia = 61 869 г. = тИ = 
_ Switzerland (2) 2 9 312 Е €: 
Taiwan 11 414 E -- - - 
Trinidad and Tobago ' 19 333 -- -- ES = 
_ United Kingdom о 992 7,600 5 77 601 34 
“Veco 77 7 9 165 = - - Б 
Other о 89 1,280 120030 2 14 
Total 46,100 722,000 652 11,500 43,500 1,480 
— Zero. = E | | 
"Раја аге rounded to no more than three significant digits; may not add to totals shown. 
*Less than V, unit. 
Source: U.S. Census Bureau. 
SOLD—2919 31.19 


TABLE 8 


GOLD: WORLD MINE PRODUCTION, BY COUNTRY? 


тау 


(Kilograms) 
Country 2006 2007 2008 2009 2010: 

Algeria 377 236 656 1,010 740 
Argentina 44,131 42,021 42,046 46,588 ' 60,000 
Armenia 1,300 * 1,300 * 1,359 944 2,000 ° 
Australia 247,000 247,000 * 215,000 224,000 ' 261,000 
Azerbaijan 2: = & 353 1,900 3 
Belize” 53 5 5 5 - 
Benin“ 24 19 20 20 20 
Bolivia n u 9,628 8,818 8,406 ' 7,217 ' 6,394 Р? 
Botswana" 2,800 2,800 3,300 2,000 2,400 
Brazil" _ 43,082 49,613 ' 54,666 ' 56,062 ' 58,000 " 
Bulgaria 3,818 3,964 4,160 4,482 ' 3,500 
Burkina Faso Е. 1,571 2,250 7,633 13,500 25,000 
Burma* 100 100 100 100 100 
Burundi Ж 750 750 750 750 750 
Cameroon? 1,500 1,500 1,500 1,600 1,600 
Canada 103,513 102,211 95,004 97,367 91,024 ° 
Central African Republic" 10 10 43° 61° 60 
Chad* 150 150 100 100 100 
Chile 42,100 41,527 39,162 40,834 38,417 3 
China* 245,000 275,000 285,000 320,000 345,000 
Colombia 15,683 15,482 34,321 47,837 53,605? 
Congo (Brazzaville) 00 100 100 100 100 100 
Congo (Kinshasa)" 10,300 5.100 3,300 3,500 ' 3,500 
Costa Rica СОЖ 1,210 2,065 154 ' 209 ' 2 
Côte d'Ivoire | 1,324 1,243 2,836 6,647 ' 5.800 | 
реш 5 1,129 1,861 1,665 1,117? 1,200 
Dominican Republic -- -- 47 375 500 | 
теа 5,168 3,186 800 2,092 2,000 | 
ЕТ. 222. = " =: 60 2,586 
Eritrea" Е с. бысы лы i T _ - r 2,000 
Ethiopia? ИИ 4,028 4,368 3,159" 4,005 | н 
Fii 1,961 ' 837 ' 871 ' 1,040 , 
а ERG CON 5.000 5.000 5.000 7,000 7,000 
Finland | 0 — | | 1,500 
rund 1,500 1.500 1,500 1,500 
аак 2,000 2,000 2,000 2,000 2,000 
French Guiana? | |(--- | | 3 

Бопе? uM 300 300 300 300 ga 
тт = 2,000 2,000 2,000 | 2,000 | ыза 
каш саа каа NU UTE 69,817 72,209 ' 72,980 79,883 , 
тты scc M CLE A е 400 500 500 А 
Eure ааа 5,036 7,497 ' 7,837 ' 8,897 ' ae 
ГОО 16,922 15,628 19,945 18,091” 15,20 А 
GUNS аан Т 5,668 7,412 8,131 9,326" 929: А 
О m 4,100 3,275 2,561 2,127 2,200 
ылы 2,400 3,000 * 2,700 2,800 in 
il Aaa о 93,176 117,851 64,390 130,000 ons 
Indonesia 200 252? 400 400 Je 
ші ---------- 2007 450 402240 --- 


ble. 
tnotes at end of ta 
See footn om И А 
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Country 
Japan 
Kazakhstan 
Kenya 
Korea, North" 
Korea, Republic of 
Kyrgyzstan 
Laos 
Liberia 
Мадаразсаг“ 
Malaysia 
Mali 
Mauritania 
Mexico 
Mongolia 
Morocco" 
Mozambique 
Namibia 
New Zealand 
Nicaragua‘ 


Niger 


Nigeria‘ 


Oman 

Panama 
ee ee E 
Papua New Guinea 

H 


Peru 
Philippines 

Poland 
Вота 


PDINECH A oL SC 
Russia? 


ыи 
Rwanda* 


Saudi Arabia 

Senegal" 
Serbia’ 
Sierra Leone 

Slovakia 

Solomon Islands 

South Africa 

Spain 


Sudan 
іле ^ ————————— 
Sweden ^ 7——————————— —— 
Tanang ^ ——————————— — 
Tas e 
Uganda® 

United Kingdom 


(Kilograms) 
ову в = ж _ до __ зе 
8,904 8,869 6,868 7,708 ' 7,500 
21,824 ' 22,564 ' 20,825 ' 22,525! 29,941 ? 
432 3,023 340 1,055 ' 1,200 
2,000 2,000 2,000 2,000 2,000 
271 162 175 274! 300 
10,721 10,559 18,132 16,950 18,300 
6,068 ' 5,137 ' 4,333 ' 5,033! 5,061 
9 311 * 624 524' 800 
30 50 722? 70 70 
3,497 2,913 2,489 2,794 2,900 ? 
51,957 48,850 41,160 42,364 ' 37,000 
322 2,251 6,254 8,000 10,000 
38,961 39,355 50,365 51,393 72,596 ? 
22,561 17,473 15,184 9,803 6,037 ° 
1,200 1,200 1,200 1,200 1,200 
85 97 298 511 520 ? 
2,790 2,496 2,126 2,022 2,675 3 
10,618 10,638 13,402 13,442 13,000 ? 
3,595 3 3,300 ' 2,960 ' 2,590 ' 2,600 
2,615 3,427 2,314 1,852 ' 1,700 
40 180 200 600 ' 600 
186 124 46 28 3 
-- -- -- 800 1,300 
58,349 57,549 ' 67,463 ' 67,800 ' 67,800 
202,826 170,236 179,870 ' 182,403 ' 164,060 ? 
36,141 38,792 35,726 37,047 40,847 ? 
500 ' 450 ' 430 ' 440 ' 425 
400 400 400 400 400 
159,340 156,975 172,031 192,832 ' 192,034 ? 
15 17? 20 20 20 
5.200 * 4,440 4,527 5,500 4,500 ? 
600 600 600 4,535 '? 4,880 
450 500 500 450 ' 722 
71 212 € 196 157 ' 150 
84 198 ' 92 ' 346 ' 340 
10 = -- = = 
272,128 252,598 212,744 197,628 ' 188,701 ? 
3,421 3,500 * 3,400 3,450 3,500 
3,158 2,703 2,276 1,922 4,000 
9,362 9,360 9,798 12,193 12,286 ? 
5,100 5,000 5,000 5,000 5,000 
1,920 2,000 1,672 1,361 2,049 3 
47,000 40,193 36,434 39,12! 42,000 
4,300 3,401 2,721 5.400 ' 5.000 
8,040 9,920 11,016 ' 14,469 ' 17,000 
1,600 1,600 1,500 1,600 1,600 
и z 164 185 171 


223,000 231,000 ? 
See foomotes at end of table. 252,000 238,000 233,000 
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TABLE 8—Continued 
GOLD: WORLD MINE PRODUCTION, BY COUNTRY"? 


(Kilograms) 

Country 2006 2007 2008 2009 2010° 

Uruguay 3,000 2,820 2,182 2,180 2,000 
Uzbekistan" 85,000 85,000 85,000 90,000 90,000 
Venezuela 11,600 * 10,100 10,100 * 11,880 ' 12,000 
Vietnam* 2,500 3,000 3,000 3,000 3,500 
Zambia 956 1,270 1,930 3,100 ' 3,400 
Zimbabwe 11,354 7,018 " 3,579 ' 4,966 ' 9,000 
Total 2,370,000 2,350,000 ' 2,280,000 ' 2,460,000 ' 2,560,000 


*Estimated. PPreliminary. 'Revised. -- Zero. 
World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


*Table includes data available through August 19, 2011. 


?Reported figure. 
‘Officially reported figures are as follows, in kilograms: Major companies: 2006— 37,907; 2007—44,790; 2008—48,373; 2009—48,000; and 


2010— 50,000 (estimated). Garimpieros: 2006—5,175; 2007— 5,210; 2008— 5,627; 2009— 56,000 (revised); and 2010—6,100 (estimated). 
ЗАП production from Greenland. 

$Includes undocumented artisanal production. 

"Year ending July 7 of that stated. 

SUndocumented artisanal production. 


?Refinery output. 
9 Excludes production from so-called people's mines, which may be as much as 20,000 kilograms per year, but includes gold recovered as 


byproduct of copper mining. 
I!rmcludes documented production from placer artisanal production. 
"Mine output including gold recovered as a byproduct, but excludes secondary gold production, which for Russia, in kilograms, was 2006—4,981; 


2007— 5,867; 2008—8,140; 2009— 14,534 (revised); and 2010— 16,815. 
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GRAPHITE 
By Donald W. Olson 


[n 2010, there was no reported domestic production of natural 
w graphite, but U.S. production of synthetic graphite was estimated 
и to be 134,000 metric tons (t) valued at about $1.07 billion. U.S. 

т imports and exports of natural graphite were estimated to be 
65400 t and 5,600 t, respectively. U.S. imports and exports of 
synthetic graphite were estimated to be 41,300 t and 40,000 t, 
respectively. U.S. apparent consumption of natural and synthetic 
graphite was estimated to be 59,800 t and 135,000 t, respectively. 
, This report includes information on U.S. trade and use of 
natural graphite and U.S. production, trade, and use of synthetic 
graphite. Trade data in this report are from the U.S. Census 
Bureau. АП percentages in the report were computed using the 
unrounded data. 

Graphite is one of four forms of crystalline carbon; the others 
are carbon nanotubes, diamonds, and fullerenes. In graphite, the 
carbon atoms are densely arranged in parallel-stacked, planar 
honeycomb-lattice sheets. When the graphite structure is only 
а one-atom-thick planar sheet, it is called graphene. Graphite 
is gray to black in color, opaque, and usually has a metallic 
luster; sometimes it exhibits а dull earthy luster. Graphite occurs 
naturally in metamorphic rocks. It is a soft mineral with a Mohs 
hardness of 1 to 2, and it exhibits perfect basal (one-plane) 
cleavage. Graphite is flexible but not elastic, has a melting point 
of 3,927 °C, and is highly refractory. It has a low specific gravity. 
Graphite is the most electrically and thermally conductive of the 
nonmetals and is chemically inert. All these properties combined 
make graphite desirable for many industrial applications, and both 
natural and synthetic graphite have industrial uses. 

There are three types of natural graphite—amorphous, flake 
оеш Наке, and vein ог lump. Amorphous graphite is 
аин 2. = E жш refers to its 
Amorphous is used & | ack of crystal structure. 
eer: or lower value graphite products and is 

Priced graphite. Large amorphous graphite deposits 
are found in China, Europe, Мех; i 
Flake or asan Е ре, ехісо, апа the United States. 
sheets stacked to 42. graphite consists of many graphene 
ри m. d lake or crystalline flake graphite is 
occurs as separate Pi шу, than amorphous. Flake graphite 
е graphite сап be f z crystallized in metamorphic rock. 
quality flakes can be d d ... 
many Uses, such as flame » E ае 
are found in Austria Brazil a a 2 2. 
adagascar. Vein ot lum : Canada, China, Germany, and 
and highest quality type а IS the rarest, most valuable, 
"eins along intrusive a natural graphite. It occurs in 
acts in solid lumps, and it is only 


rci РР 
а ко In Sri Lanka (Moores, 2007). 
mine operations ра from open pit and underground 
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' — Domestic survey data and tables were prepared by Mary E. Ewell, industry data analyst, and the world production table 
Ч was prepared by Lisa D. Miller, international data coordinator. 


economically. Mines in Madagascar are mostly of this type. In 
Mexico, the Republic of Korea, and Sri Lanka, where the deposits 
are deep, underground mining techniques are required. 
Beneficiation processes for graphite may vary from a 
complex four-stage flotation at European and United States 
mills to simple hand sorting and screening of high-grade ore 
at Sri Lankan operations. Certain soft graphite ores, such as 
those found in Madagascar, need no primary crushing and 
grinding. Typically, such ores contain the highest proportion of 
coarse flakes. Ore is sluiced to the field washing plant, where 
it undergoes desliming to remove the clay fraction and is 
subjected to a rough flotation to produce a concentrate with 60% 
to 70% carbon. This concentrate is transported to the refining 
mill for further grinding and flotation to reach 85% carbon. It is 
then screened to produce a variety of products marketed as flake 
graphite that contain 7596 to 90% carbon. 


Production 


The U.S. Geological Survey (USGS) obtained the production 
data in this report through a voluntary survey of U.S. synthetic 
graphite producers. The survey of U.S. synthetic graphite 
producers collected data from 10 of 16 canvassed producers. 
Data were estimated for the producers that did not respond to 
the survey based on responses received in previous years and on 
industry trends. 

No natural graphite was reported mined in the United States 
in 2010, but 134,000 t of synthetic graphite with an estimated 
value of $1.07 billion was produced and shipped (table 3). 


Consumption 


The USGS obtained the consumption data in this report through 
a survey of natural graphite companies in the United States. The 
survey of natural graphite companies collected data from 70 of 
9] canvassed companies and plants. Data were estimated for 
the companies that did not respond to the survey. This survey 
represented most of the graphite industry in the United States. 
Graphite uses have changed dramatically in the past 20 years. 
U.S. reported consumption of natural graphite increased by 2896 
to 51,200 t in 2010 from 40,000 t in 2009 (table 2), owing to 
increases of 2196, 37%, and 77% from the previous year in the 
amounts of natural graphite used in batteries, refractories, and the 
“Other” end-use category, respectively. The “Other” end-use 
category includes antiknock gasoline additives and other 
chemical compounds, drilling mud, electrical/electronic devices, 
industrial diamonds, magnetic tape, mechanical products, paints 
and polishes, soldering/welding, and other end uses. The natural 
graphite consumption data in table 2 include mixtures of natural 
and synthetic graphite in the amorphous graphite category, and 
this reported.consumption data may include company stocks from 
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previous years. Consequently, the table 2 consumption numbers 
are different from the computed apparent consumption numbers 
given in table 1. Consumption of crystalline grade increased in 
2010 by 51% to 25,600 t from 16,900 t in 2009. Consumption 

of amorphous grade increased by 11% to 25,700 t in 2010 from 
23,100 t in 2009. Brake linings, refractories, and steelmaking 
were the three industries that dominated U.S. natural graphite use, 
accounting for 61% of natural graphite consumption. Batteries, 
foundries, and lubricants accounted for another 896 of natural 
graphite consumption. The refractories industry was the leading 
consumer of crystalline flake graphite, accounting for almost 4996 
of crystalline flake graphite used in 2010. 

Graphite has metallic and nonmetallic properties, which 
makes it suitable for many industrial applications. The metallic 
properties include electrical and thermal conductivity. The 
nonmetallic properties include high-thermal resistance, 
inertness, and lubricity. The combination of conductivity and 
high-thermal stability allows graphite to be used in many 
applications, such as in batteries, fuel cells, and refractories. 
Graphite's lubricity and thermal conductivity make it an 
excellent material for high-temperature applications because 
it provides effective lubrication at a friction interface while 
furnishing a thermally conductive matrix to remove heat from 
the same interface. Electrical conductivity and lubricity allow 
its use as the primary material in the manufacture of brushes for 
electric motors. A graphite brush effectively transfers electric 
current to a rotating armature while the natural lubricity of the 
brush minimizes frictional wear. Today's advanced technology 
products, such as friction materials and battery and fuel cells, 
require high-purity graphite. Natural graphite is purified to 
99.9% carbon content for use in battery applications. — 

Graphite is made up of parallel sheets of carbon atoms in 
a hexagonal arrangement. It is possible to insert other atoms 
between the sheets, a process that is called intercalation. 

The insertion of other atoms makes dramatic changes in the 
properties of graphite. Lithium ions can be inserted to create 
graphite anodes for lithium 10n batteries. Graphite can be 
intercalated with sulfuric and nitric acids to produce expanded 
graphite from which foils are formed that are used in seals, 


nd fuel cells. 
y eadem applications of graphite included carbon-bonded 
and gunning mixtures. Carbon-magnesite 


brick, castable ramming, à | 
brick has applications in high-temperature corrosive environments, 
such as iron blast furnaces, ladles, and steel furnaces. Carbon- 


E е - eipallv used in continuous steel-casting 
al ша linings апе Pad magnesite-carbon brick requires graphite 
operations. је size of 100 mesh and a purity of 9596 to 99%. 
with a partic Bake graphite accounted for about 5096 of natural 
CIS о in the United States. It was consumed mainly in 
graphite 242 s. Amorphous graphite was mainly used 
batteries — s. foundries, refractories, steelmaking, and other 
in brake 522 additions of gr aphite improve the process or 
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the end pro те depending on purity and particle size. 
such as 5166 m Ene is used in more applications in North 
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America than па ‘te market. The main market for high-purity 
share of the а s a carbon raiser additive in iron and steel. 
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This market consumes a substantial portion of the synthetic 
graphite. Other important uses of all types of graphite are in 
the manufacture of catalyst supports; low-current, long-life 
batteries; porosity-enhancing inert fillers; powder metallurgy; 
rubber; solid carbon shapes; static and dynamic seals; steel; 
and valve and stem packing. The use of graphite in low-current 
batteries is gradually giving way to carbon black, which is more 
economical. Graphite is used to manufacture antistatic plastics, 
conductive plastics and rubbers, electromagnetic interference 
shielding, electrostatic paint and powder coatings, high-voltage 
power cable conductive shields, membrane switches and 
resistors, semiconductive cable compounds, and electrostatic 
paint and powder coatings. 

Graphite has played an important role in the emerging 
noncarbon energy sector and has been used in several new energy 
applications. In energy production applications, graphite is used 
in pebbles for modular nuclear reactors and in high-strength 
composites for wind, tide, and wave turbines. In energy storage 
applications, graphite is used in bipolar plates for fuel cells and 
flow batteries, in anodes for lithium-ion batteries, in electrodes 
for supercapacitors, in high-strength composites for fly wheels, 
in phase change heat storage, and in solar boilers. In energy 
management applications, graphite is used in high-performance 
polystyrene thermal insulation and in silicon chip heat dissipation. 
These new energy applications use value-added graphite products, 
such as high purity, small particle size, potato shape, expanded 
graphite, and graphene. Current graphite capacity may not 
be adequate for the increasing demands of these new energy 
applications, which may require double the current graphite 
supply when fully implemented (O’Driscoll, 2010). 


Prices 


Natural graphite prices slowly increased during the second 
half of 2009 for most types (Industrial Minerals, 20093). In 
2010, graphite prices increased more rapidly especially for 
crystalline flake graphite, owing to increased demand for 
graphite used in friction material applications such as brake 
linings, as a high-quality refractory, as lubricants, and in the 
manufacturing of graphite foils and long-life alkaline batteries 


(Industrial Minerals, 201 0b). | - 

Prices for crystalline and crystalline flake graphite aa i 
ranged from $950 to $2,000 per metric ton; prices for ато : 
powder ranged from $430 to $450 per ton (table 4). The Жал 
unit value of all U.S. natural graphite exports increased D 0 
to $2,720 per ton іп 2010 from $1,900 per ton т 2009. As A 
and carbon content, crystal and flake size, and size ik 
affect the price of graphite. The European port price o! A j 
graphite in 2010 ranged from $7,000 to $20,000 per 54 Wm 
average unit value of synthetic graphite exports ane E 
to $3,410 per ton in 2010 from $3,1 00 per ton іп 2007 (E 


Foreign Trade 


'ohtlv in tonnage 19 
Total graphite exports decreased slightly in is 400 t valued at 


45,600 t valued at $152 million in 2010 from vas 12% 
$130 million in 2009. Total graphite export tome ^ 
natural graphite and 88% synthetic grap Dis (а swan to 
natural graphite imports increased by 98% 10 085 
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| 65400 tin 2010 from 33,100 t in 2009, and the value increased 


by 76% to $52.1 million in 2010 from $29.7 million in 2009 
(table 6). This large increase was a result of the graphite industry 
starting to recover during 2010 from the drastic effects of the 
global recession on end-use markets, adverse weather in major 
graphite production areas, and unfavorable regulatory measures 
in China. Principal import sources of natural graphite were, in 
descending order of tonnage, China, Mexico, Canada, Brazil, 

and Madagascar, which combined, accounted for 98% of the 


; tonnage and 91% of the value of total imports. Mexico provided 


all the amorphous graphite, and Sri Lanka provided all the lump 
and chippy dust variety. China, Canada, Brazil, Madagascar, 

and Belgium were, in descending order of tonnage, the suppliers 
of crystalline flake and flake dust graphite. A number of other 
producing nations supplied several other natural types and 

grades of graphite to the United States; among the most notable 
were Brazil and Canada. 


World Review 


World production of natural graphite increased by 2196 in 
2010 to an estimated 925,000 t compared with 762,000 t in 
2009. China maintained its position as the world's leading 
graphite producer, with 600,000 t or 6596 of the total. India was 
the second ranked graphite producer, with 140,000 t, followed 
by Brazil, North Korea, and Canada, in decreasing order of 
tonnage produced. These five countries accounted for 94% of 
world production (table 8). 

South Africa became a new graphite producer with the startup 
of the Jonkel Mine. Jonkel Group produced graphite through its 
subsidiary, Jonkelkoza Minerals and Resources (Pty) Ltd, and 
became South Africa's sole graphite producer since Germany's 


Graphit Kropfmühl AG closed its operations several years ago 
(Feytis, 20106). 


Outlook 
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for ilmenite smelting by U.S.-based Ста Тесһ International 
Holdings Inc. This technology uses a furnace lining of thermally 
conductive graphite and carbon to lower the temperature and 
remove heat from the furnace lining. Once the temperature 
drops below the melting point of the molten material in the 
furnace, a protective slag layer called a “skull” freezes onto the 
hot face of the refractory lining. Once the slag skull has formed, 
it extends the life of the lining by insulating the refractories 
from chemical attacks and thermal shocks (Industrial Minerals, 
2009b). Graphite-based refractories also are used as continuous 
casting ware, usually in the form of nozzles to guide molten 
steel from ladle to mold. Brake linings and other friction 
materials are expected to steadily use more natural graphite 

as new automobile production continues to increase and more 
replacement parts are required for the increasing number of 
vehicles. Natural graphite (amorphous and fine flake) is used 

as a substitute for asbestos in brake linings for vehicles heavier 
than cars and light trucks. Flexible graphite products, such as 
grafoil (a thin graphite cloth), are expected to be the fastest 
growing market but are expected to use small quantities of natural 
graphite compared to major end-use markets, such as brake 
linings and refractories. Products produced by advanced refining 
technology in the next few years, despite a weak refractory 
market and competitive pricing from Chinese material, could 
increase profitability in the U.S. graphite industry. 

There is also need to double the world's present flake graphite 
production to satisfy the forecast increased lithium-ion battery 
demand, particularly in automobiles. Synthetic graphite may offer 
the most promise for filling that demand (Industrial Minerals, 
2009c; 20102). The expected increase in manufacture and sales" 
of hybrid and electric vehicles is likely to increase demand for 
high-purity graphite in fuel-cell and battery applications. Fuel 
cells are a potential high-growth, large-volume graphite (natural 
and synthetic) end use but are currently a very small part of 
consumption. High volumes of graphite are not expected to be 
consumed in this end use for many years but may be used in the 
longer term (Taylor, 2006, p. 517). In general, the forecasted 
need to double present graphite supplies to produce value-added 
graphite products for new energy applications has triggered 
reopening of shutdown graphite mines and development of 
graphite resources globally (O’Driscoll, 2010). 

Increased global demand for graphite used in batteries will 
be divided between two main consuming sectors—alkaline 
batteries and lithium-ion batteries. Synthetic and natural 
graphite are used in these batteries. In alkaline batteries, 
graphite is the conductive material in the cathode. Until 
recently, synthetic graphite was predominantly used in these 
batteries. With the advent of new purification techniques and 
more efficient processing methods, it has become possible to 
improve the conductivity of most natural graphite to the point 
where it can be used in batteries. The decision of whether to use 
synthetic or natural graphite will be based on performance and 
price. The growth of the lithium-ion battery market could have 
a more dramatic effect on the graphite market as the demand for 
mobile energy storage systems rises. 

There is a common industry trend toward higher purity and 
consistency in specifications for some specialized and high-tech 
applications. The trend to produce higher purity graphite using 
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thermal processing and acid leaching techniques continues. 
High-purity graphite has applications in advanced carbon 
graphite composites. 

The markets for graphite used in rubber and plastics 
(including Styrofoam coatings) are increasing, and continued 
growth is expected. The U.S. market for graphite in pencils has 
almost disappeared; pencil “leads” now are imported directly 
from China (Taylor, 2006, p. 517). These markets, however, use 
little graphite and are not expected to have a significant impact 
on future consumption. 

A California-based company was developing a technology 
that turns carbon dioxide emissions into high-purity synthetic 
graphite. With the world's industrialized nations pledging to 
reduce their carbon dioxide emissions by 5096 by 2050, this 
technology could become a promising new synthetic graphite 
source while helping industrialized nations reach their target 


goal (Industrial Minerals, 2009d). 
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TABLE 1 
SALIENT NATURAL GRAPHITE STATISTICS! 


2006 2007 2008 2009 2010 


о 


United States: 
Apparent consumption? 
__Аррагер э 
Exports: 


Value 
Imports for consumption: 


metric tons 30,400 


, Export: 22-5-2-------- 
Quantity do. 22,200 15,700 7,950 11,400 
thousands $16,000 $19,100 $15,600 $21,600 $15,200 


42,900 50,300 21,700 59,800. 


5,600 


33,100 65,400 


ИК учн пали ыш ВИ 
Quantity metric tons 52,600 58,600 58,300 
thousands $29,100 $37,300 $48,100 $29,700 $52,100 
а: 762000: 925,000: 


Value 
World, production" 
*Estimated. 'Revised. do. Ditto. 


!Data are rounded to 
?Domestic production plus imports minus exports. 
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metric tons 1,020,000 1,110,000 


no more than three significant digits. 


962,000 € 762,000" 925,000 
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TABLE 2 
U.S. CONSUMPTION OF NATURAL GRAPHITE, BY END USE! 


Crystalline Amorphous’ o ü (Tol — 
Quantity Value Quantity Value Quantity Value 

End use (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

2009: 
Batteries W W -- ~ W W 

Brake linings ЕЕ 376 $1,560 2,810 W 3,190 Ww 

Carbon products? 257 644 W W W W 
Crucibles, retorts, stoppers, sleeves, nozzles - W W W W W W 
Foundries“ W W 1,420 $6,490 W W 
Lubricants? 684 2,120 W W W W 
Pencils —— i W W W W W W 
Powdered metals 420 — 1,270 2 5 423 $1,280 
Refractories | 8,060 6,230 W W W W 
Rubber 29 W W W W W 
. Steelmaking W W W W W W 
_ Other? mu 5,590 7,950 2210 13,200 7,800 21,100 
Total i 16,900 23300 — 23,100 95,300 40,000 119,000 

2010: 
Batteries W W -- -- W W 
Brake linings 332 1,250 3,040 W 3,380 W 
Carbon products? 306 929 W W W W 
. Crucibles, retorts, stoppers, sleeves, nozzles W W W W W W 
_ Foundries" | W W 1,610 8,090 W W 
Lubricants’ 688 2,150 уу Ww W wW 
Pencils W W W W W W 
Powdered metals 370 1,480 -- ud 370 1,480 
Refractories —————00000— 12,500 11,600 W W W W 
EI O 59 У W W W үу 
. Steelmaking E W W W W W W 
Other" 42. 9,450 16,000 _ 4320 26,400 13,800 42,500 
Total 25,600 37100 — 25,700 112,000 51200 149,00 


W Withheld to avoid disclosing company proprietary data; included in “Total.” -- Zero. 
"Рака are rounded to no more than three significant digits. 

"Includes mixtures of natural and manufactured graphite. 

"Includes bearings and carbon brushes. 

"Includes foundries (other) and foundry facings. 

"Includes ammunition and packings. 


*Incl 
i udes antiknock and other compounds, drilling mud, electrical/electronic devices, industrial diamonds, magnetic tape, mechanical 
Products, paints and polishes, small packages, soldering/welding, and other end-use categories. 
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TABLE 3 


SHIPMENTS OF SYNTHETIC GRAPHITE BY U.S. COMPANIES, BY END USE 


Quantity Value 
m End use (metric tons) (thousands) 
2009 | | 
Anodes i B W W 
Cloth and fibers (low modulus) Е wW $165,000 
Crucibles and vessels, refractories кн W W 
-Electric motor brushes and machined shapes | | У W 
_ Electrodes u | 80,900 W 
High-modulus fibers mE | | W W 
Unmachined graphite shapes | | | | | | 8,680 91,300 
_ Synthetic graphite powder and | scrap? Н W W 
Other m Е. М 
Total — mE | 118,000 998,000 
2010: | ИНН 
Anodes W W 
Cloth and fibers s (low modulus) W 195,000 
Crucibles and vessels, refractories u W W 
_ Electric motor brushes and machined | shapes О W W 
— Electrodes ЕЕ 92,100 W 
| High-modulus fibers | W W 
Unmachined graphite ѕһареѕ 7,430 96,900 
_ Synthetic graphite powder and scrap? | W W 
Other BEEN | EE MEM W о W 
Total 134, 000 1,070,000 


W Withheld to avoid disclosing company proprietary data; included їп "Total." 


!Data are rounded to no more than three significant digits. 


?Includes lubricants (alone/in greases), steelmaking carbon raisers, additives in 


metallurgy, and other powder data. 


TABLE 4 


REPRESENTATIVE YEAREND GRAPHITE PRICES! 


(Dollars per metric ton) 


IEEE Ss 209 200 — 
Crystalline large, 94% to 97% carbon, +80 mesh - 1,100-1,350 1,450-2,000 
Crystalline large, 9 90% carbon, *80 mesh | 700-800 | |. 1,100-1, 350 
Crystalline n medium, 94% to 97% carbon, · +100- 80 mesh. | _ 880-1, 150 _ ЕР 350-1,900 
Crystalline | medium, 90% carbon, +100-80 тер — —— (650-750 —  1,050-1 ,300 
Crystalline medium, 85% to 87% carbon, +100-80 mesh 650-750 — _ 1,000-1,400 
Crystalline f fine, 94% to 97% carbon, +100 mesh 620-1 000 — 1! ,250-1 ‚700 
Crystalline fine, 90% carbon, -100 mesh | 550-600 m 950-1, 300 
Amorphous | powder, 8 8096 to 8596 carbon - 430 — 430-450 
| (6200-19,000 7,000-20,000 


Synthetic 99.95% carbon” СРИ | 
!prices are normally cost, insurance, and freight m main n European port. 


"European port for 2009 and Swiss border for 2010. 


So 
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urces: Industrial Minerals, no. 507, December 2009, p. 68-69; no. 519, December 2010, p. 70. 
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TABLE 5 
U.S. EXPORTS OF NATURAL AND SYNTHETIC GRAPHITE, BY COUNTRY"? 


Ваар _____упћее Total 
Quantity Value? Quantity Value? Quantity Value” 
Country (metric tons) (thousands)  (metrictons) (thousands)  (metrictons) (thousands) 
2009: 
Canada 1,070 $961 3,230 $7,820 4,300 $8,780 
China 1,790 3,210 2,460 8,860 4,250 12,100 
France 11 17 3,630 19,000 3,640 19,000 
Germany 65 170 1,300 3,360 1,370 3,530 
Hong Kong 25 97 125 362 150 460 
Italy 100 164 1,080 5,400 1,180 5,570 
Japan 473 1,070 1,700 9,970 2,170 11,000 
Korea, Republic of 4,490 7,250 1,970 6,400 6,460 13,600 
. Mexico o 1,080 1,290 4,820 6,670 |. 5,910 7,960 
_ Netherlands 28 101 74 151 102 252 
Taiwan 85 281 1,590 6,030 1,670 6,310 
United Kingdom 265 2,850 657 1,830 922 4,680 
_ Other 1,900 4,160 12,400 32,800 14,300 36,900 
Total 11,400 21,600 35,000 109,000 46,400 130,000 
2010: 
Canada 1,510 1,470 4,360 13,200 5,870 14,600 
China 253 1,250 3,870 16,900 4,130 18,200 
France 3l 57 2,830 22,200 2,860 22,300 
Germany 285 598 1,910 5,220 2,200 5,820 
Hong Kong 12 79 74 200 86 279 
Italy 198 265 1,190 5,390 1,380 5,660 
Japan 728 1,480 1,040 5,280 1,760 6,770 
_ Korea, Republic of 00 69 610 2,300 9,890 2.370 10,500 
Mexico 934 1,080 5.350 7,840 6,290 8,920 
Netherlands — č 16 193 483 911 499 1,100 
Taiwan 111 346 2,010 7,820 2,120 8,160 
. United Kingdom NM 338 4,240 724 2,550 1,060 6,800 
Other 1,110 3,520 13,900 39,100 15,000 42,700 
Total __ 5,600 15,200 40,000 136,000 45,600 152,000 


———— — 


а = 
Data are rounded to по more than three significant digits; may not add to totals shown. 
2 | А 
Numerous countries for which data were reported have been combined in “Other.” 


3 | 
Amorphous, crystalline flake, lump and chip, and natural, not elsewhere classified. The applicable Harmonized Tariff 


Schedule of the United States (HTS) nomenclatures are “Natural graphite in powder or in flakes” and “Other,” codes 
2504.10.0000 and 2504.90.0000. 


4 

Includes data from the applicable HTS nomenclatures "Artificial graphite" and “Colloidal or semicolloidal graphite," 
codes 3801.10.0000 and 3801.20.0000. 
"Values are free alongside ship. 


Source: U.S. Census Bureau. 


32.7 


`Кәліп$ 251801090 ‘$: эці Ха рэзѕп(ре озер ‘nesing ѕпѕиәо '<' п :2231noS 


“5ӘПТЕАЛ sulojsn?) є 


"езер 2584 o[npauos унет pezruouureH ‘S'N шол рэзеш но рглџор злом |еџејеш зид ло; езер цоцл шош) домэшец поцеицори eur, 
“UMOYS $12103 03 ppe зои Аеш $118тр уиеэЦцти 81$ 9914) uey} aow ou ој рэрипол әле wed, 


00297 -- 
001“< 00759 0547 0001 = 009  Ol6'9 091I 589 00966 ООРӘР || pL 
TA © — — ы & — 2 IEEE MEM – B | зефо 
16% <6 + = 16% <6 = -- - -- _ шор8игу pun | 
lv y -- -- Ip у - - - = ЖЕТЕЛІ 
09141 289 - -- -- -- 091 289 - -- о вет us 
096‘Z 00€11 0S6'c 00<11 П € - -- -- Е ^ eXoWN | 
BEL 898 = = = = > SEL 88 BEN 7 
0122 06 = = 012% 06 = E = = uedef 
II € = 2 11 € == -- -- -- | empu] 
015 802 = zs 015 802 = - -- - _ Жишшәгу | 
006<< 00666 -- -- -- -- -- -- 006<2 006%6< | tun. 
00r'cl 011% -- - 085% 096% -- -- 068“ 061“ i epeug) 
00L'S 0%6“ - - Ме 0261 -- - 096“ 02“ zeig 
€l 91 = a = = -- -- €l 91 011128 
SZ rl -- -- SZ rl -- -- -- -- ещѕпу 

0102 

00/62 001'€€ 0281 0164 ООРТ 09%9 681 rel O0€'£r 00261 1241 
$6 0$ 2-0 07-7 E EE ON - 0 - -- -- 190 
248 ELI s = 248 ELI -- -- -- == шорвигу paun 
681 vel -- - -- -- 681$ vel - = eue] us 
OSE €9 = -- OSE £9 = EE = е Prepares 
12 € -- -- 12 € ~- -- = = әлюйе8ш$ 
0281 ОТЕ 02815 0164 -- -- -- = = E TON 
6t8 668 = ш -- -- -- -- 668 668 IeoseSepejA 
0621 $01 -- -- OSZ‘I $01 -- -- -- -- uedef 
сос cL -- - 02 cL - 5 а E Ame 
0£t'6 0011 -- -- -- -- -- -- 0676 00151 ешчэ 
oor‘ol 055'9 xin = 05'8 081% = " 098°1 051“ ерепег) 
061% 068“ - - 060“ 09841 - - 041415 686 zeg 
9$ p -- -- 9$ у - = = = ыы 

:600 
(spuesnou)) _ (500) дәш) (spuesnoyy) (suo) дәш) (spuesnog) (suo) ongeur) (spuesnog)) (suo) omw) (spuesnoy}) (suo) одеш) Ánunop 

PNIA Азпиепо Мел. Ayyuend У Азпиепо эел Ayryuend PNA Aynuengd 
[90]. Е snoydiowy |  ejqepuedxo ‘Ajumd-y31y | jnpÁKdduyo — — jsnp aye pue 
pue dung yey отео -- 


„зрто [enjeu 12410 


ci AULNNOO Ad 'RSLIHdV31D TVAN.LVN 30 NOLLUNNSNOO ЗО $1ЧОЧ4ИП `$`П 
9 TISV.L 


K—2010 
U.S, GEOLOGICAL SURVEY MINERALS YEARBOO 


32.8 


GRAPHITE. 5010 


Country 


2009: 
Canada 
China 
Germany 
India 
Japan 
Mexico 
Poland 
Russia 
South Africa 
Ukraine 


United Kingdom 


Other 
Total 
2010: 
Canada 
China 
Germany 
India 
Japan 
Mexico 
Poland 
Russia 
South Africa 
Ukraine 


United Kingdom 


Other 
Total 


‘Revised. 


TABLE 7 
U.S. IMPORTS FOR CONSUMPTION 


OF GRAPHITE ELECTRODES, BY COUNTRY"? 


Quantity 


(metric tons) 


5,160 
12,500 
1,120 
7,410 
5,980 
8,980 
1,810 
5,560 
418 
482 
851 
366 ' 
50,600 


10,600 
15,700 
2,090 
5,280 
18,000 
20,000 
1,290 
11,600 
1,010 

| 779 
1,260 
587 
88,200 


Value? 
(thousands) 


$30,700 
34,100 
6,750 
21,600 
40,900 
24,000 
7,910 
15,300 
784 
1,420 
4,930 
1,720 ' 
190,000 


56,400 
43,400 
15,400 
15,100 
102,000 
58,400 
5,530 
31,000 
4,070 
2,160 
5,590 
3,090 


342,000 


! Data are rounded to no more than three significant digits; may not 


add to totals shown. 


*The applicable Harmonized Tariff Schedule of the United States 
(HTS) nomenclature is “Electric furnace electrodes,” code 


8545.11.0000. 


3 
Customs values. 


Source: U.S. Census Bureau. 


32.9 


32.10 


Country 


Austria 


Brazil, marketable 


Canada 
China 


Czech Republic 
India, run-of-mine* 
Korea, North 
Korea, Republic of 


Madagascar 


Mexico, amorphous 


Norway 
Romania 
Sri Lanka 
Sweden 


Turkey, run-of-mine” 


Ukraine 

Uzbekistan 

Zimbabwe 
Total 


TABLE 8 


GRAPHITE: ESTIMATED WORLD PRODUCTION, BY COUNTRY "? 


PPreliminary. ‘Revised. -- Zero. 
! World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


Table includes data available through May 4, 2011. 


Reported figure. 
“indian marketable production is 10% to 20% of run-of-mine production. 


(Metric tons) 


2007 
77,163 ? 
28,000 

800,000 

3,000 

130,000 

30,000 
52? 

5,421 ' 

12,500 
2,000 
9,593 
800 
400 
5,800 
60 

5,418 "3 


1,110,000 


2008 
250 
76,200 "> 

27,000 
650,000 ' 
3,000 
140,000 
30,000 
73 "3 
5.000 * 
7.229 %3 
2,000 
6,615 ' 
800 
3,236 "3 
5,800 
60 
5,134 "3 


962,000 " 


——————Ó—Ó — a 


76,200 
25,000 
450,000 ' 
130,000 
30,000 
48 ' 
5,000 
5,011 3 
2,000 
20,000 ' 
7,000 ' 
800 
2,400 "3 
5,500 ' 
60 
2,463 "3 
762,000 ' 


76,000 " 
25,000 
600,000 
140,000 
30,000 
50 
5,000 
6,759 
2,000 
20,000 
8,000 
700 
3,000 
5,800 
60 
2,000 
925,000 


*Turkish marketable production averages approximately 5% of run-of-mine production. Almost all is for domestic 


consumption. 


= if 
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GYPSUM 
By Robert D. Crangle, Jr. 


Domestic survey data and tables were pre 


prepared by Glenn J. Wallace, international data coordinator. 


In 2010, the United States ranked fourth worldwide in the 
production of crude gypsum, with 8.84 million metric tons 
(Mt) of production and a reported value of $60.9 million. China 
was the world's leading producer and consumer of gypsum, 
with estimated production of 47 Mt of crude gypsum. As a 
result of the slowness in recovery of the economy, especially 
in the residential construction sector, crude production tonnage 
decreased by approximately 1596 from that of 2009, with a 
corresponding decrease in value of 2196 (table 1). Calcined 
gypsum production decreased by about 9% to 12.1 Mt in 2010 
compared with 13.4 Mt produced in 2009. 

The sale of synthetic gypsum increased by 32% to 10.7 Mt 
in 2010 from 8.1 Mt in 2009. The long-term use of synthetic 
gypsum from flue gas desulfurization (FGD) will likely continue 
to increase as more coal-fired electric powerplants convert their 
desulfurization processes to produce marketable gypsum. Many 
coal-burning powerplants in the United States are required by 
the U.S. Environmental Protection Agency to install sulfur 
dioxide scrubbing systems. This created a significant source 
of byproduct gypsum, at a lower price than the cost of its 
mined counterpart, which led to the construction of wallboard 
production facilities adjacent to coal-fired powerplants. 


Production 


Gypsum industry data for this report are collected by the U.S. 
Geological Survey (USGS) from semiannual and annual surveys 
of gypsum operations and from monthly data provided by the 
Gypsum Association. In 2010, the USGS annual survey canvassed 
112 gypsum production operations that accounted for all known 
domestic output of crude, calcined, and byproduct gypsum. Data 
were available for all of the operations through this survey, the 
Gypsum Association, the American Coal Ash Association, or 
other Federal and State agencies. Some production was estimated 
on the basis of employment records published by the Mine Safety 
and Health Administration (MSHA). 
| The United States was the fourth leading producer of gypsum 
2. accounting for 6% of reported global output (table 8). 
i id 010, crude gypsum in the United States was mined by 
bs panies at 54 mines in 19 States (table 2). The leading 

2... States were, in descending order, 
и а, lexas, Iowa, Nevada, and California, which together 

ig for 58% of total domestic output. 
2. B industry consisted primarily of a few 
ый te y integrated companies that mined gypsum and 
О, wallboard, plaster, and other gypsum products. 
eR үз the most mines were USG Corp. (USG) with 
National hs eorgia Pacific LLC (GP) with seven mines; 
with si Шо, Со. (NGC) with six mines; CertainTeed Corp. 
Inland Ine (TI ae Gypsum with three mines; Temple 

o mines; and PABCO Gypsum with one 
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pared by Paula R. Neely, statistical assistant, and the world production table was 


mine. For 2010, these seven companies produced 74% of the 
total U.S. crude gypsum. 

During 2010, gypsum was calcined (partially dehydrated 
by heating) at 62 plants operated by 8 companies in 32 States, 
principally to produce feedstock for wallboard and plaster 
manufacturing plants (table 3). The leading gypsum calcining 
States in 2010 were, in descending order, Texas, California, 
Florida, Iowa, and Indiana (table 3). These 5 States had 22 
plants that produced approximately 4.2 Mt of calcined gypsum 
and together accounted for about 34% of national output. In 
2010, domestic output of calcined gypsum decreased by 9% to 
12.1 Mt valued at approximately $360 million (table 1). 

In addition to mined gypsum production, synthetic gypsum 
was generated as a byproduct of various industrial processes. 
The primary source of synthetic gypsum was FGD from 
coal-fired electric powerplants. Smaller amounts of synthetic 
gypsum were derived as a byproduct of chemical processes, 
such as acid neutralization processes, citric acid production, 
sugar production from sugar beets, and titanium dioxide 
production. Synthetic gypsum was used as a substitute for 
mined gypsum, principally for wallboard manufacturing, cement 
production, and agricultural purposes, in descending order of 
importance. 

Sixteen synthetic gypsum producers sold 10.7 Mt of synthetic 
gypsum from their FGD systems during 2010, with an estimated 
value of $16.1 million. Of the total synthetic gypsum sold and 
used, 72% was used for wallboard production, 11% was used in 
cement and concrete manufacture, 8% for mining applications 
4% for agricultural, and the remaining 5% for a variety of ether 
applications. Approximately 51% of synthetic gypsum produced 
in 2010 was neither sold, nor used, and in most cases was 
landfilled (American Coal Ash Association, 2011). 

For 2010, gypsum-derived products, including agricultural 
products, cement, plasters, and wallboard totaled 11.7 Mt with a 
value of $1.68 billion. This represented a production decrease of 
16% from the 14.0 Mt produced in 2009, and a 13% decrease in 
value from $1.9 billion (table 4). 

During 2010, eight companies manufactured gypsum 
wallboard products at 62 plants in the United States. Wallboard 
product shipments were approximately 17.2 million square feet 
(1.6 million square meters), a decrease of about 6% compared 
with those of 2009 (table 5). 

The wallboard industry expanded rapidly between 2003 and 
2006. American Gypsum, CertainTeed Saint-Gobain, Lafarge 
North America Inc. (Lafarge NA), National Gypsum, and USC 
expanded their existing wallboard operations or opened new 
ones during this time, increasing their wallboard production 
capacities by more than 1 billion square feet. The decline in 
the U.S. housing market that began in 2007 and continued 
through 2010 resulted in flat and declining sales for most 


gypsum producers, and led to layoffs and the idling of wallboard 
production plants (Crangle, 2011). 


Consumption 


In 2010, U.S. apparent domestic gypsum consumption was 
more than 22.5 Mt, a slight decrease compared with that of 
2009. Domestic sources (mined crude plus an estimated 
10.7 Mt of synthetic gypsum produced) met approximately 8796 
of domestic consumption requirements; imports, totaling 
3.33 Mt, satisfied the remaining need. In 2010, approximately 
4896 of the gypsum consumed in the United States came from 
synthetic sources, 1296 more than that which was reported in 
2009. An industry-wide shift toward the use of synthetic gypsum 
continued in 2010. This was largely the result of the lower costs 
associated with the purchase and transportation of FGD gypsum, 
which is often available near the same urban centers where 
wallboard production facilities are located. 

Gypsum output is categorized as either calcined or uncalcined 
(table 4). Calcined gypsum was produced domestically from 
crude gypsum to manufacture wallboard and plaster products. 
Uncalcined gypsum, used for portland cement production and 
agriculture, accounted for virtually all remaining consumption 
during the year. Miscellaneous uses, such as athletic field | 
markings, accounted for only a fraction of 196 of consumption. 

In 2010, about 9296 of the calcined gypsum used to 
manufacture wallboard was consumed in the production of 
regular '^-inch gypsum board (table 5). This product represented 
35% of total calcined gypsum consumption. Type X gypsum 
board, so named because of extra fire retardation qualities, 
consumed 35% of calcined gypsum. Other regular gypsum 
board, from М- to 1-inch thick, consumed 3% of the total. Other 
wallboard, including lath, mobile-home wallboard, predecorated 
wallboard, sheathing, veneer base, and water- and moisture- 
resistant wallboard, composed most of the balance. Metropolitan 
areas in the South Atlantic, West South Central, East North Central, 
Middle Atlantic, and Pacific (in decreasing order) were the 
leading sales areas for gypsum wallboard products. " 

As a result of the economic downturn and the associate 
reduction in the construction industry s demand for concr 

Icined gypsum consumed in the United States decrease 
epi -n 2010 to 1.28 Mt. About 901,000 t, or 71%, of the 
ру? nsumed in the United States was for 
мош pi ction (table 4). Gypsum is added to 
Portland cemen р piane d makes up about 296 to 476 

retard its setting time an | : 
din " t output (Roskill Information Services Ltd., 
oy и f the remainder of the uncalcined gypsum 
2009, p. 320) eren 000 metric tons (t), was used primarily 
consumed, aont ses Agricultural use of gypsum increased 
for agricultural — SE aly ground gypsum rock was used 
by 7% from that 0 | ustries to neutralize acidic soils, to 


in agricultur cane — add nutrients, to stabilize slopes, 
improve 2. support for maximum fertilizer benefits. 
and to prov! i of high-purity gypsum are also used ina wide 
Small send applications, including the production of 
а рарег, and pharmaceuticals. 


Recycling 


Gypsum waste generated by the wallboard manufacturing 
process may be recycled. The gypsum core and paper covering 
are separated, then reinjected with new material into the 
manufacturing stream. 

Several million tons of gypsum waste is generated every 
year by building demolition, wallboard installation, and 
wallboard manufacturing. Because labor expenses are higher 
than wallboard prices, construction costs are lowered when 
full pieces of uncut wallboard are used in place of multiple, 
smaller remnants. As a result, between 1096 and 12% of the 
wallboard used in new construction and renovation is discarded 
as scrap. Only a small portion of this waste has been recycled. 
On December 14, 2010, the Massachusetts Department 
of Environmental Protection banned the disposal of clean 
wallboard from State waste disposal facilities (Massachusetts 
Department of Environmental Protection, 2010). As landfill 
space becomes more scarce, recycling is expected to increase. In 
addition to recycling scrap in wallboard plants, wallboard scrap 
may also be ground and used as a soil conditioner. 

Wallboard manufacturers and the construction industry 
have been exploring ways to return scrap wallboard and waste 
wallboard to plants for recycling. Other potential markets 
for recycled gypsum include cement production, as a stucco 
additive, sludge drying, water treatment, grease absorption, and 
for marking athletic fields. Until costs and legislation associated 
with landfilling scrap gypsum become more restrictive, 
recycling will likely continue to remain a low priority within the 


industry. 
Prices 


In 2010, the average values (free on board, mine or plant) 
reported by U.S. producers were $6.89 per metric ton for crude 
gypsum and $29.65 per ton for calcined gypsum (table 1). 
The average value for plaster reported by domestic producers 
during the year was $345 per ton (table 4). The average value 
of uncalcined gypsum used primarily for agricultural purposes 
was approximately $52.26 per ton and that used in cement 
production was about $17.21 per ton (table 4). 

During 2010, prices for gypsum wallboard increased by 6% 
despite an 1896 decrease in total wallboard production (table 5). 
This is likely a result of the wallboard industry adjusting 
to market conditions following several years of declining 
production. The combined average price of ¥4-inch wallboard 
for 20 major U.S. metropolitan cities in 2010 was $248.56 
per 100 square meters ($230.92 per 1,000 square feet). From 
January 2010 to January 2011, prices for V;-inch regular Р 
wallboard decreased by 5%, while Type X wallboard increase 
slightly, in 20 major U.S. metropolitan cities (Engineering 
News-Record, 2010; 2011). 

Average '^-inch wallboard prices during 2010 were lo 
St. Louis, MO, ($109 per 100 square meters or $102 per 
1,000 square feet), followed by Detroit, MI, ($115 per 
100 square meters or $107 per 1,000 square feet), and 


west in 
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Cleveland, OH, ($129 per 100 square meters or $120 per 


1,000 square feet). The highest average wallboard prices in 2010 


ш were in Boston, MA, ($409 per 100 square meters or $380 per 
ui 1,000 square feet), followed by Philadelphia, PA, ($309 per 
ш 100 square meters or $287 per 1,000 square feet) and San 
Francisco, CA, ($298 per 100 square meters or $277 per 

ien 1,000 square feet) (Engineering News-Record, 2011). 


"Zt ^ Foreign Trade 


imi In 2010, the United States led the world in international trade 

Nu in gypsum and gypsum products (tables 6-7). The United States 

jg; Imported crude gypsum from 12 countries and exported gypsum 

and gypsum products to 86 countries and territories, although 

only a small quantity of crude gypsum and other gypsum 

products were exported by the United States in 2010, most of 

ув Which went to Canada. 

ЊЕ Imports of crude gypsum in 2010 decreased by 21% from those 
| of 2009 and accounted for 13% of apparent consumption. Much 


domestic gypsum resources near large east coast and west coast 
im wallboard markets. Canada and Mexico accounted for 94% of 
imported gypsum, while imports from Spain supplied most of 

i the remainder. The majority of imports from Canada went to east 
coast plants, while Mexican sources chiefly served the west coast. 
Foreign subsidiaries of U.S. gypsum companies produced much 
of the gypsum that was imported for their respective U.S.-based 
wallboard plants. Most of the crude gypsum imported by the 
United States from Mexico was produced by Compania Minera 
Caopas, S.A. de С.У. and Compania Occidental Mexicana S.A. de 
C.V. in Baja California Sur, both of which operate mines on the 
Baja California Peninsula (Compania Occidental Mexicana S.A. 
de СМ, 2005; Compania Minera Caopas, S.A. de C.V., 2010). 

W Атоѕ all gypsum imported from Canada came from Nova 

H5 ^ Scotia. The completion of large wallboard manufacturing plants 

l — near powerplants along the east coast may reduce gypsum imports 
it пиће future. 

i Wallboard exports increased by nearly 1095 in 2010, totaling 
P about 729,000 metric tons valued at $129 million. Ninety-five 

í — percent of board exports went to Canada. Wallboard imports 


| ig by 4% in 2010, totaling 244,000 t valued at $32.4 
* — million. 


World Industry Structure 


; Global crude gypsum production in 2010 was estimated to 

| бе 147 Mt, representing a slight decrease compared with that 

| of 2009, when production totaled 150 Mt (table 1). In 2010, 87 
Countries produced gypsum, 10 of which accounted for 74% of the 

, 191 world production (table 8). An estimated 250 million metric 
tons per year of synthetic gypsum (mostly phosphogypsum) was 
ipie: worldwide (Roskill Information Services Ltd., 2009, 

| d чыз of the synthetic production, however, was disposed of 
ip е hiis China was the leading producer of crude gypsum 
{тй А is estimated 47 Mt, followed by Iran with 13.0 Mt, 
BSM: | .5 Mt, the United States with 8.8 Mt, Thailand with 
1. id with 5.7 Mt, and Italy with 4.1 Mt. Although its 
АЕА d um reserves are substantial, the available Iranian crude 

оп data predate the global recession, as well as several 
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ofthis import dependence can be attributed to the lack of adequate 


years of international sanctions that intensified in 2006. These 
conditions degraded Iran's economy and were accompanied by 

a rise in both unemployment and inflation, which may have led 

to a decline in residential and commercial construction and a 
corresponding decrease in gypsum consumption (Fassihi, 2010). 
Furthermore, since 2009, most Iranian banks have been prohibited 
from extending loan assistance toward the purchase of property, 
which has likely further hampered residential construction, and 
with it, gypsum production (Guillaume and Sensenbrenner, 2011). 
Consequently, the available gypsum production data for Iran may 
not be accurate. 

Given the expansion in China's economy and its respective 
construction and infrastructure demands, China will likely 
continue to be the world's leading gypsum producer for 
the near future. North American production accounted for 
10% of total crude gypsum production. Although the use of 
gypsum wallboard increased worldwide, only industrialized 
nations used gypsum primarily for wallboard products. In 
developing countries, especially in Asia and the Middle East, 
most gypsum was used in the production of cement or plaster 
products. World production may have been underestimated, 
because output by some foreign gypsum producers was used to 
manufacture products onsite, which may not have been reported. 
Additionally, production from small deposits in developing 
nations was intermittent and in many cases unreported. 

Worldwide, the leading use of gypsum is in the manufacture 
of cement and concrete. In 2008 (the last year worldwide end use 
was available), cement manufacture accounted for up to 60% of 
worldwide gypsum consumption, while plaster products, including 
wallboard, accounted for approximately 3096 of al] consumption 
(Roskill Information Services Ltd., 2009, p. 320, 330). 

As a low-value, high-bulk commodity drawn from deposits 
widely distributed throughout the world, &ypsum tended to be 
consumed within the many countries where it was produced 
Less than 20% of the world's crude gypsum production was 
estimated to enter international trade. Only a few countries 
such as Canada, Mexico, Spain, and Thailand, were major безде 
gypsum exporters; of these, Canada and Mexico were significant 
exporters because of their large deposits proximate to wallboard 
markets in the United States. Compared to imports, little crude 
Bypsum was exported from the United States (tables 1, 7). 
| Estimated world production capacity for gypsum wallboard 
E. о 17 billion square meters рег year (about 183 

quare leet per year) at more than 250 plants worldwide. 
Approximately 20% of this capacity was in the United States; 
Asia and Western Europe each accounted for about 20% of | 
capacity. 


World Review 


Asia. —A significant increase in commercial and residential 
construction and infrastructure additions and improvements 
coupled with a cultural shift toward the use of more gypsum-b d 
products, resulted in a continuation of increased gypsum D 
consumption. From 2002 through 2008, the production of crude 
gypsum in Asia has increased 294 faster than the rate of economi 
growth, as the acceptance and use of wallboard and plaster ue 
has increased faster than the region's gross domestic dA is 
(GDP) (Roskill Information Services Ltd., 2009, p. 18). Yoshino 


33,3 


anm 


Gypsum Co. Ltd., which opened Japan's first plasterboard factory 
in 1921, owned 16 wallboard plants throughout Japan in 2010 with 
a combined production capacity of 486 million square meters per 
year (Global Gypsum Magazine, 2010c). 

Europe.—Lafarge Group (France) reported increased sales 
of 10% in the second quarter of 2010, with higher volumes 
compensating for reduced prices (Global Gypsum Magazine, 
2010d). With 77 gypsum plants in 30 countries and nearly 8,000 
employees, LaFarge was the third ranked gypsum producer in 
the world in 2010 (Lafarge Group, 2011, p. 3). Saint-Gobain 
(France) announced plans to open new gypsum plants in 
Algeria, China, Egypt, and Russia, which will add to its Gypsum 
Activity unit that employed nearly 12,000 employees in 130 
production facilities throughout the world in 2010 (Saint-Gobain 
Group, 2011, p. 7, 17). The privately owned and operated Knauf 
Group (Germany) operated 40 wallboard and 110 plaster and 
building materials plants in 49 countries in 2010. During that 
same period, Knauf was the second leading foreign investor 
in the Commonwealth of Independent States (CIS) countries 
with an estimated 7,500 employees throughout the CIS (Global 
Gypsum Magazine, 2010b). | 

Middle East.—Most countries in the Middle East consumed 
all domestically produced gypsum, with the exception of Iran, 
which annually exported more than 1 Mt (Roskill Information 
Services Ltd., 2009, p. 17). 

South America.—In 2010, Lafarge and co-owner Etex 
Group, operated wallboard plants in Argentina, Brazil, Chile, 
and Colombia as well as plaster plants in Brazil and Chile 
(Lafarge, 2011, p. 36). Brazilian Gypsum, which represented 
95% of Brazil’s overall production, exported gypsum to markets 
in Angola, Aruba, France, India, Iraq, Italy, Jordan, Mercosul, 
Nicaragua, Portugal, Spain, the United Kingdom, the United 
States, and Venezuela (Brazilian Gypsum, 2010). | 

Australia.—Australian housing construction activity | 
increased by 22% in 2010 to 169,000 new-home starts, which 
followed a 40-year low of 139,000 starts in 2009 | 
(Housing Industry Association of Australia, 2011). Perhaps in 
response to the improved economic circumstances associated 
with residential construction, Boral Ltd., Australia s leading 
building and construction materials producer, invested 
$80 million in its Australian plasterboard business. pue : 
from Boral's Building Products division, vnica includes all o | 
its gypsum-associated products, was up by 6% in 2010 to a tota 
of $1.2 billion (Boral Ltd., 2010, p. 8, 18). тə 

Canada.— Canadian production of crude gypsum 2 iB 

72 Mt, a 23% decline from the 3.54 Mt produced in А 
2.7. h represented а 38% decline from that of 2008. About 
ме 73% of Canadian production, was exported to 
ү kei dst tes. NuGyp, а new wallboard and plasters 
the United sta 5 ішіде developed by Innogyps, Inc., was 
manna Ee best new product of the year by Global Gypsum, 
named the ; leading trade association, for significantly reducing 
the nnde zd energy costs associated with wallboard and 
water 


ion (Pro Publications, 2010). 
pe MEN p New Building Materials (BNBM), 


. 0, Bey 
China.—1n ud producer in Asia, operated 21 
the largest БУР5 һап estimated annual production 


in China wit | 
о гейде meters (Global Gypsum Magazine, 2010b). 
of | 610 
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Lafarge planned to invest $21 million in two new wallboard 
production facilities, each with a capacity of 15 million square 
meters, and each supplied with synthetic gypsum from the 
Chongqing Luohuang coal-fired powerplant (Global Gypsum 
Magazine, 2010e). 

The issue of corrosive imported wallboard from China into the 
United States continued to be problematic. The U.S. Consumer 
Product Safety Commission received approximately 3,900 reports 
of possible corrosive wallboard from residents in 43 States, 
the District of Columbia, American Samoa, and Puerto Rico 
(U.S. Consumer Product Safety Commission, 2010). Sulfide 
gases emitted from the problematic drywall were suspected of 
damaging copper wiring and plumbing, while also raising human 
health concerns (Global Gypsum Magazine, 20102). Following 
several years of complaints regarding corrosive wallboard 
imported from China, a pending class-action settlement was 
reached in a Louisiana Federal Court in 2011. The proposed 
agreement between approximately 5,000 affected homeowners, 
most of whom reside in Gulf Coast and southern United States, 
and Chinese wallboard manufacturer, Knauf Plasterboard Tianjin, 
could reach $1 billion (Wotapka, 2011). 

Mexico.—In 2010, gypsum production in Mexico was 
3.56 Mt, a 38% decrease from that of 2009. About 1.14 Mt, or 
3294 of Mexico's 2010 crude gypsum production, was exported 
to the United States. In 2010, USG Mexico S.A. de C.V., the 
largest manufacturer of wallboard in Mexico, increased sales 
by $9 million, or 6%, compared with those of 2009, despite a 
production decrease of 12%, the result of beneficial currency 
exchange rates (USG Corp., 2011, p. 34). 


Outlook 


U.S. demand for gypsum products was expected to increase 
during the next 2 to 3 years as housing starts are projected to rise 
(Irwin, 2011). Because the residential housing market is responsible 
for approximately 6096 of the consumption of gypsum products, 

a key economic indicator used by the gypsum and wallboard 
industries is the number of new housing starts, as measured by the 
issuance of new building permits. Since 1959, the average number 
of annual housing starts, including multidwelling units, is 1.5 E 
million per year (Zibel and Bater, 2011). Although annual housing 
starts of 1.8 million (and greater) were not sustainable during the 
pre-2008 recessionary years, neither were the 554,000 nor the 
587,000 housing starts of 2009 and 2010, respectively (U.S. Census 
Bureau, 2011). As the surplus of residential real estate dwellings 
constructed before 2009 is drawn down, the Nation’s annual | | 
population growth of 3 million new persons, alone, may n е 
an increase in residential construction within the near future (05. 
Census Bureau, 2008; Irwin, 2011; Zibel and Bater, 201 l). 

The availability of FGD gypsum was expected to continue to 
increase as new scrubbers come online at more coal-fired electric 
powerplants (U.S. Environmental Protection Agency, 2010). 
During the next several years, the use of mined gypsum may В 
continue to decline in the United States as greater quantities ol 
synthetic gypsum are used in wallboard manufacturing. N 
actual and planned gypsum mine closings have already e n: 
attributed to the increased availability of synthetic gypsum. | 
increased use of synthetic gypsum could accelerate additiona 
mine closings through 2020. This changeover, however, 
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тиң will likely be limited to FGD plants with close proximities 
alin to wallboard production facilities, or where new wallboard 
nni plants will be constructed adjacent to existing FGD plants. The 
ш percentage of synthetic gypsum use may eventually reach an 
‚ economic equilibrium point. In the long term, as disposal areas 
100: Шапа the opening of new disposal sites becomes increasingly 
in difficult, power companies may have to calcine, clean, or 
ШЫ subsidize the transportation costs associated with synthetic 
бщ gypsum in order to dispose of excess waste. This may increase the 
wlt economic viability of using FGD gypsum from powerplants that 
{шй are presently considered too far from wallboard plants. 
idi Expansion of synthetic gypsum production facilities will 
WB continue in the United States. Forecasts indicate that demand 
Alt for high calcium limestone, the primary component required 
ika to transform sulfur dioxide to synthetic gypsum in many FGD 
WIE processes, could increase by about 70% during the next 10 
WS years as existing and new coal-fired powerplants are fitted 
ІШІ with FGD scrubbing systems to meet Clean Air Act regulatory 
Ші ^ requirements (Industrial Minerals, 2008). Approximately 8596 
ШІ of FGD systems are wet scrubbers that use a limestone slurry 

to capture sulfur dioxide emissions (Industrial Minerals, 2009). 
im The trend toward FGD gypsum as a raw material, at the expense 
IW ofcrude gypsum, is expected to continue as air pollution 
mf regulations become more stringent within the United States and 
Ü throughout the industrialized world. 
SÉ ^ The U.S. gypsum industry has been moving toward the use of 
i — large-capacity wallboard plants supplied from multiple sources, 
w including synthetic gypsum from coal-fired powerplants. 
These larger wallboard plants have been built in regions of 
high population and growth, which are the areas of highest 
consumption. The older, less efficient, and smaller natural 
(mined) gypsum-fed plants will find it increasingly difficult to 
compete, and some likely will close. As a response to increased 
public awareness, the gypsum industry may boost the recycling 
of scrap gypsum into its raw materials streams. The industry 
may also increase the use of ecolabels, such as the Scientific 
A Certification System Green Cross, which certifies the presence 
| ; of recycled and recovered content in each product. 
Worldwide industry trends indicate significant developments 
у abroad in the coming decade. The pace and magnitude of 
wallboard plant construction in Asia, particularly China, India, 
and Thailand, suggest that the continent, with billions of 
i potential consumers, will probably become one of the world’s 
А leading 5урзит wallboard markets. Should the economic 
conditions in the United States more favorably affect the U.S. 

; housing sector, and in turn increase the U.S. consumption of 
dune Canadian gypsum production should likewise increase. 
iie эк production capacity increases and the 

| з. ^ А entral America, Europe, India, and South 

building n PALA and economy of wallboard asa 

dps d means that wallboard manufacturing may 
ed gypsum production in future years. 
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TABLE 1 
SALIENT GYPSUM STATISTICS! 


(Thousand metric tons and thousand dollars) 


nF 
2006 2007 2008 2009 2010 
I a аи 
United States: 
Crude: 
Production: 
Quantity 18600 1570 129 мю ме 
Value 107,000 95,000 91,200 77,400 60,900 
Imports for consumption MOO — 9390 mo ___ 4,220 3230 
Synthetic gypsum sales 8,670 8,370 9,660 8,120 10, 
Calcined: 
Production: 
ba sapie E о cR ЕТА 5 
— о ___________ ме а 1990 м сс 
Value 716,000 768,000 674,000 478,000 ' 360,000 
Products sold, value 4,260,000 3,610,000 2,500,000 1,850,000 першу 
Exports, value 36,700 43,600 47,400 37,800 Мы, 
Imports for consumption, value 5,010 6,700 7,240 6,800 | aon | 
World, production 160,000 167,000 ' 156,000 ' 150,000 147, 
or 9 
*Estimated. "Revised. | B 
Гаја are rounded to no more than three significant digits. 
ввООК--2010 
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ТАВГЕ 2 
| CRUDE GYPSUM MINED IN THE UNITED STATES, BY STATE! 
Quantity Quantity 
Active (thousand Value Active (thousand Value 
State mines metric tons) (thousands) mines metric tons) (thousands) 
Arizona, Colorado, New Mexico 8 1,410 $10,500 8 1,180 $8,140 
Nevada and Utah m 7 1,460 10,900 7 1,270 8,720 
Arkansas, Kentucky, Louisiana 4 670 4,990 4 547 3,770 
California and Washington 6 1,310 9,740 6 850 5,860 
Iowa and Indiana 10 1,780 13,300 10 1,540 10,600 
Michigan and West Virginia 3 539 4,010 3 478 3,290 
South Dakota and Wyoming 4 316 2,350 4 272 1,870 
Kansas, Oklahoma, Texas 12 2,920 21,700 12 2,710 18,600 
Total 54° 10,400 77,400 54 8,840 60,900 
‘Revised. | 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 
TABLE 3 
CALCINED GYPSUM PRODUCED IN THE UNITED STATES, BY STATE! 
2 300 ^ — — 
Quantity | Quantity ^ 0 
Active (thousand Value Active (thousand Value 
State plants metric tons) (thousands) plants metric tons) (thousands) 
Alabama, Kentucky, Tennessee 4 1,040 $37,400 4 988 $29,300 
Arizona, Colorado, Nevada, New Mexico, 
оаа 10 2,240 80,200 10 2,040 60.600 
Arkansas, Louisiana, Texas 9 1,810 65,000 9 1,690 50,100 
California, Oregon, Washington 8 1,680 60,300 8 1,500 44.400 
Florida, Georgia, North Carolina, South Carolina _ 7 1,610 57,600 7 1,470 43 600 
Illinois, Indiana, Michigan 6 1,150 41,300 6 1,010 29.900 
lowa, Kansas, Oklahoma 7 1,440 51,600 7 1,330 39.500 
Maryland, Pennsylvania, Virginia, West Virginia 7 1,380 49,600 7 1,180 34900 
New Hampshire, New Jersey, New York 4 986 35,300 4 918 27 200 
- dod 62 ' 13,400 " 478,000" 62 12,100 360.000 
Revised, 
"Рана are rounded to no more than three significant digits; may not add to totals shown. 
GYPSUM—2010 


33.7 


TABLE 4 


GYPSUM PRODUCTS (MADE FROM DOMESTIC, IMPORTED, AND 
SYNTHETIC GYPSUM) SOLD OR USED IN THE UNITED STATES, BY USE! 


(Thousand metric tons and thousand dollars) 


2009 2010 
Use Quantity Value Quantity Value 
Uncalcined: 
Portland cement 992 15,400 901 15,500 
Agriculture and miscellaneous” 352 19,500 375 19,600 
Total 1,340 34,900 1,280 35,100 
Calcined: 
Plasters 83 27,700 80 27,300 
Prefabricated products! 12,600 1,850,000 10,400 1,620,000 
Total 12,700 1,880,000 10,400 1,640,000 
Grand total 14,000 1,920,000 11,700 1,680,000 


Лав are rounded to no more than three significant digits; may not add to totals shown. 


?Includes synthetic gypsum. 


*Includes weight of paper, metal, or other materials and some synthetic gypsum. 


TABLE 5 
PREFABRICATED GYPSUM PRODUCTS SOLD OR USED IN THE UNITED STATES 
Se oe. T LIN ____- 
Quantity Quantity? Quantity Quantity" 

(thousand (thousand Value (thousand (thousand Value 

Product square feet) metric tons) (thousands) square feet) metric tons) (thousands) 
Lath: 
/,-inch -- -- -- W W Y 
| -inch = = E ш Е 7 
Other 29,900 27 $4,020 E Е 
Total 29,900 27 4,020 W W W 
Veneer base 202,000 147 21,100 203,000 149 $19,800 
Sheathing 390,000 283 48,400 327,000 238 42,000 
board: 

xd am 467,000 270 46,100 414,000 147 bes 
Qc a 8,360,000 5.360 817,000 8,790,000 4,290 s 
uoc PREMIO 329,000 267 58,800 38,500 26 ip 

тт RM 58,600 51 7,940 38,000 35 | 
о MCN 260,000 170 46,800 293,000 144 33,300 
d 9,470,000 6,120 977,000 9,570,000 4,640 iet 
Type X gypsumboard 6,550,000 4,860 561,000 5.560,000 4,190 m 

d 58,700 43 18,800 60,200 44 ; 
Predecorated wallboar $ ai 
5, 5 bile home board 202,000 119 23,700 104,0 24 

guy pe ture-resistant board 1,140,000 835 174,000 1,140,000 835 166, 
Water- апе mos 213,000 187 26,900 224,000 200 27,500 
ИНОЙ 18,300,000 12,600 1,850,000 — 17,200,000 10,400 1,620,000 


Grand total | | 
W Withheld to avoid disclosin 
"раќа аге rounded to 
?Includes weight of paper, 


3 
Includes Mes ? ig", and l4 


metal, or other materials. 
-inch gypsumboard. 


g company properietary data. -- Zero. 
no more than three significant digits; may not add to totals shown. 
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TABLE 6 
IMPORTS FOR CONSUMPTION OF CRUDE GYPSUM, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


2009 2010 
Country Quantity Value Quantity Value 
Canada” 2,720 38,500 1,980 26,000 
Mexico 1,340 12,700 1,140 11,800 
South Africa - -- 8 951 
Spain 164 1,640 198 2,940 
Other (3) 65 (3) 170 
Total 4,220 52,900 3,330 41,800 


-- Zero. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 
?Includes anhydrite. 

"Less than % unit. 


Source: U.S. Census Bureau. 


TABLE 7 
U.S. GYPSUM AND GYPSUM PRODUCTS FOREIGN TRADE! 


(Thousand metric tons and thousand dollars) 


—————————————————— 22 22. 
Crude? Plasters? Boards“ Other, Total, 
Year Quantity Value Quantity Value Quantity Value value? value 
Exports: 
2009 156 16,000 155 37,800 665 120,000 50,200 224,000 
000 24 224000 
2010 360 19,300 190 42,200 729 129,000 66,200 257,000 
Imports for consumption: 
Sn ee 
2009 4,220 52,900 15 6,800 236 38,500 20,300 128,000 
2010 3,330 41,800 15 7,180 244 32,400 29,600 111,000 


l 
Data are rounded to no more than three significant digits; may not add to totals shown. 


2 : . ; Е 
сав аге for "Gypsum, anhydrite," Harmonized Tariff Schedule of the United States (HTS) code 2520.10.0000. 
Data are for “Plasters,” HTS code 2520.20.0000. 


4 “ . ея . 
Data are for “Boards, sheets, panels, tiles, and similar articles, not ornamented—Faced or reinforced with paper 
or paperboard only," HTS code 6809.11.0000. 


5 [11 1 imi 
Data are for “Boards, sheets, panels, tiles, and similar articles, not ornamented: Other," HTS code 6809.19.0000, 
and "Other articles," HTS code 6809.90.0000. 


Source: U.S. Census Bureau. 
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Country 2006 2007 2008 2009 2010* 
Afghanistan‘ 2 2 2 2 5 
Algeria 1,033 1,198 1,672 1,700 1,700 ? 
Argentina 1,203 1,227 1,257 1,300 1,360 
Armenia 44 55 46 45 45 
Australia 4,265 3,896 3,500 * 3,500 * 3,500 
Austria, gypsum and anhydrate 1,071 1,064 1,087 911° 1,000 
Azerbaijan 35 22 38 ' 46" 487 
Bhutan 160 189 ' 248 ' 248 ' 250 
Bolivia 1 4 4 2' 13 
Bosnia and Herzegovina 132 154 150 74° 80 
Brazil" 1,712 1,884 ' 2,239 ' 2,348 ' 2,350 P 
Bulgaria" 216 234 210% 190 ^* 190 
Burma 69 75 82 98 81? 
Canada" 9,036 7,562 5,740 3,540 217? 
Chile 845 773 774 724 725 
China* 42,000 48,000 46,000 45,000 47,000 
Colombia 186 200 200 190 * 200 
Croatia 170 335 330" 234 ' 240 
Cuba* (5 (5) (5) (5 (5) 
Cyprus 2507 250 250 250 250 
Czech Republic 16 66 35 * 13 5 
Dominican Republic 161 146 185 175 175 
Ecuador 13 2 ] | | 
Еруре““ 2,000 * 3,007 2,381 2,500 2,400 
ЕЈ Salvador" 6 6 6 6 6 
Eritrea 17 | І І 1 
Ethiopia“ 39 30 33 33 * 33 
France® * 4,800 4,800 2,339 ? 2,300 2,300 
Germany, marketable" 771 1,898 2,112 1,898 1,822 
Greece" * 500 500 500 500 500 
Guatemala 227 495 127 19 50 
Honduras” 6 6 6 6 6 
Hungary” * 30 26 26 24 ' 24 
Iida et ыыы 2,450 2,500 2,550 2,600 2,650 
Indonesia" 6 6 6 6 6 
Їй RARE 12,000 12,000 12,000 13,000 13,000 
Ireland? 450 450 450 450 450 
dal __ 0 000. 111 83 10 9' 10 
TO ИТ se 2,860 5,459 4,139 4,130 * 4,130 
Jamaica ___ 22 consec iun 364 228 238 230 * 230 
p ___________ 5,796 5,850 5,800 * 5,750 5,700 
Jordan 334 288 300 * 300 * 300 
[I AME 9 10 10 10° 10 
[oer ce 775? 715 775 775 i 
Тама ________ 230 ° 230 230 230 230 
Lebanon 70" 80 ' 85 " 100" 105 
> AMNEM 200 240 250 250 250 
Luxembourg" 2 (5) (5) (5) (5) ©) 
See footnotes at end of table. 
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TABLE 8 
GYPSUM: WORLD PRODUCTION, BY COUNTRY" 


U.S. GEOLOGICAL SU 


GYPSUM—2019 


Country 
Macedonia 
Mauritania 
Mexico" 
Moldova 
Mongolia‘ 
Morocco" 
Nicaragua" 
Niger 
Nigeria' 
Oman 
Pakistan 
Paraguay" 
Peru 
Poland" 
Portugal" ^ 
Romania 
Russia" 
Saudi Arabia" 
Serbia" 
Slovakia" 
South Africa 
Spain“ í 


Sudan* 
Switzerland" 
Syria 
Tajikistan" 
Tanzania* 
Thailand 
Tunisie! 


Turkey 

Turkmenistan* 
Uganda* 
Ukraine 


United Arab Emirates‘ 


United Kingdom" 4 
United States’ 
Uruguay 
Venezuela 


Yemen 
snis EDD ао 


TABLE 8—Continued 
1,2 
GYPSUM: WORLD PRODUCTION, BY COUNTRY 


(Thousand metric tons) 


2006 2007 2008 2009 
268 256 242 155 
r 
45 49 44 37 
6,076 6,080 € 5,135 5,757 
186 312 701 ' 164! 
26 МА МА МА 
600 600 600 600 
42? 40 40 40 
e 
13 5 9 9 
169 579 300 300 * 
254° 183! 349 ' 254! 
650 703 ' 700 € 650 
5 5 5 5 
151 335 335 * 355 
1,353 1,492 1,481 ' 1,299 ' 
400 ? 400 300 300 
615 707 885! 800 * 
2,600 3,000 3,600 2,900 ? 
2.101 2.100 2.300 2.100 
45 45 45 45 
126 151 152 131" 
554 627 571 598 
11,500 ? 11,500 11.500 11,500 
TS 8 13° 30 ^ 
250 250 250 250 
444 448 573 403 
9? 9 9 26 ' 
33 53 56° gt 
8,355 8,643 ' 8,500 * 8,500 * 
151 157 177" 360 ' 
4,370 3,241 3,000 3,100 * 
100 100 100 100 
(5? (5) (5) (5) 
376 742 1,158 711' 
130 150 200 200 
1.700 ? 1,700 1,700 1,700 
18,600 15,700 12,300 10,400 
5 5 5 5 
72 7 7 7 
44 45 50 * 50 € 


?Table includes data available through July 31, 2011. 


"Reported figure. 
"Includes anhydrite. 
"Less than % unit. 


fData аге for years beginning March 21 of that stated. 


"Excludes byproduct gypsum. 


150,000 ' 


- 
Total 160,000 167,000 " 156,000 ; i 
"Estimated. "Preliminary. "Revised. NA Not available. 


World totals, U.S. data, and estimated data are rounded to no more than three significant digits; 


517 3 
11,500 
30 
25 


65 


147,000 


may not ада to totals shown. 
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HELIUM 
By Joseph B. Peterson! and Peter J. Madrid’ 


Sales of Grade-A helium (99.995974 or greater purity) by 
private industry were 51.2 million cubic meters! (about 1.85 
billion cubic feet) in the United States in 2010, and exports 
by private producers were 76.8 million cubic meters (about 
2.77 billion cubic feet) for total sales of about 128 million 
cubic meters (about 4.61 billion cubic feet) of U.S. helium, 
а 8.4% increase from that of 2009 (table 1). During 2010, 
domestic helium sales increased by 10.196, while helium exports 
increased by 8% compared with those of 2009. 


Legislation and Government Programs 


The Helium Privatization Act of 1996, Public Law 104.273 
(The Act), directed the Federal Helium Program to discontinue 
production and sale of refined helium by April 9, 1998. The Act 
also directed the Government to offer for sale the helium stored 
in the Federal helium reserve, in excess of 600 million cubic 
feet, between January 1, 2005, and January 1, 2015. 

The Act called for a National Academy of Sciences (NAS) 
study to determine the impact of selling the reserve using the 
pricing mechanism described in the Act. The first study was 
completed in 1998. Operational problems experienced by 
the helium plants in Algeria and Qatar during 2005 and the 
continued increase of helium exports from the United States 
have had an impact on pricing (helium suppliers increased 
the price of helium) and availability of cryogenic helium 
(helium supplies were disrupted), in particular to the scientific 
community. During 2009, the NAS initiated a second study to 
reevaluate the impact of selling the reserve under the existing 
pricing mechanism to determine whether adjustments were 
needed that would optimize future availability of helium for 
its many scientific and industrial uses. The second study was 
completed in January 2010, and recommendations by the NAS 
were being reviewed by the Bureau of Land Management 
(BLM) personnel at yearend, 

The final provision of the legislation to be implemented 
was the disposal of the Exell Helium Plant. In June 2010, the 
=. Commission on Environmental Quality and the U.S. 
MN 2. (EPA) issued а ready for 
о. or the property, and the property was 


= 


Асе: ; 
us hs Manager, Helium Resources, U.S. Bureau of Land 
{ Scie arillo Field Office—Helium Operations, Amarillo, TX. 
anagement X Resources Evaluation, U.S. Bureau of Land 
‘All metric h e Field Office—Helium Operations, Amarillo, TX. 
(14,696 Saale: lum volumes herein are at 101.325 kilopascals absolute 
reported in раге ро s (пећ absolute) and 15 °С (59 °F). Helium volumes, 
pounds per square бз following metric units, are measured in cubic feet at 14.7 
Square inch E | ieu and 70 °F—1,000 cubic feet (14.7 pounds per 
absolute and 15 °C) d 70 F) equals 27.737 cubic meters (101.325 kilopascals 
36.053 cubic feet (1 And 1 cubic meter (101.325 kilopascals and 15 °С) equals 
(14.7 pounds per square inch absolute and 70 °F), 
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Production 


In 2010, 13 companies operated 19 of 22 privately owned 
domestic helium plants, 13 of which extracted helium from 
natural gas. Two of the crude helium plants did not produce or 
extract helium during 2010, one Grade-A helium plant did not 
produce helium in 2010, and no new helium plants came online 
in 2010. АП but two extraction plants used cryogenic extraction 
processes. Total sales of U.S.-produced helium in 2010 
increased by about 8.4% compared with those of 2009. All 
natural gas processed for helium recovery came from gas fields 
in Colorado, Kansas, Oklahoma, Texas, Utah, and Wyoming 
(figure 1). During 2010, 10 private plants purified helium by 
using pressure swing adsorption technology. Eight privately 
owned plants that produced Grade-A helium also liquefied 
helium. The plant operators and plant locations are listed in 
table 2. 

Domestic production data for helium were developed by 
the BLM from records of its own operations as well as from 
its high-purity helium survey, an annual voluntary canvass 
of private U.S. operations. Of the eight operations to which a 
survey request was sent, all responded, and those data plus data 
from BLM operations represent 100% of the total helium sales 
and recovery data listed in table 3. 

About 8.4% more helium was produced from the 
Government's helium reserve at Cliffside Field in 2010 than 


during 2009. Most domestic helium production comes from the 


Midcontinent and Rocky Mountain regions of the United States 
The measured helium reserves from which helium is produced | 
are located in approximately 102 gas fields in 11 States. Most of 
these reserves are contained in the Hugoton Field in Oklahoma 
Kansas, and Texas; the Panoma Field in Kansas; the Keyes Field 
in Oklahoma; the Panhandle West and Cliffside Fields in Texas: 
and the Riley Ridge area in Wyoming. К 
During 2010, the BLM analyzed 18 natural gas samples from 
5 States in conjunction with its program to survey and Identify 
possible new sources of helium. During the past 2 years 
considerable efforts were focused on digitizing the informati 
in the helium resources database, with the goal of producin бз 
updated map of helium reserves in the United States by 20 oi 


Consumption 


In 2010, private industry supplied 100% of domestic 
helium consumption. The major domestic end uses of 
helium were cryogenics (26.0%), controlled atmospheres 
(22.0%), pressurizing and purging (17.0%), welding 
(17.0%); other uses included chromatography/lifting 
gas/heat transfer (12.096), leak detection (4.096), and syntheti 
breathing mixtures (2.0%) (Figure 3). In cryogenics us sins 
resonance imaging applications dominated liquid Bis | 
Estimated 2010 domestic consumption by end use was b i 
revised figures for a 2009 end-use Survey conducted b Bi _ 
Helium Operations to determine trends in helium 5. m 


34.1 


In 2010, U.S. domestic helium consumption increased 8.496 
to 51.2 million cubic meters (about 1.85 billion cubic feet) 


compared with consumption for 2009. During 2010, U.S. helium 


exports increased 8% to 76.8 million cubic meters (about 2.77 
billion cubic feet), compared with those of 2009 (table 1). 
In-kind crude helium sales regulations (43 CFR part 3195) 
require helium refiners that sell helium to Federal agencies and 
their contractors to buy an equivalent amount of crude helium 
from the BLM. In 2010, in-kind crude helium sales were about 
4.88 million cubic meters (175.9 million cubic feet). The sales 
were made to eight companies through contracts with the BLM. 


Stocks 


The volume of helium stored in the BLM helium conservation 


storage system, including the conservation pipeline network 
and the Cliffside Field, totaled about 465 million cubic meters 
(about 16.8 billion cubic feet) on December 31, 2010. The 


storage system contained crude helium purchased under contract 


by the Government from 1962 to 1973 and privately owned 
helium extracted by industry from natural-gas-supplying fuel 
markets and stored under contract. This privately owned helium 
is returned to the owners as needed for purification to supply 
private demand. During 2010, 12.4 million cubic meters (447 
million cubic feet) of privately owned helium was delivered to 
the BLM's helium conservation system, and 65.2 million cubic 
meters (about 2.35 billion cubic feet) were withdrawn, for a net 
decrease of 52.8 million cubic meters (about 1.90 billion cubic 


feet) of private helium in storage (table 4). 


Transportation 


Private producers and (or) distributors shipped helium, 

tly as a liquid, in semitrailers, which delivered the 
distribution centers, where some of it was 
gasified and compressed into trailers and small cylinders for 
delivery to end users. The remaining liquid helium was sold 
as bulk liquid or repackaged in Dewars of various sizes for 


delivery. 


predominan 
liquid helium to 


Prices 


In fiscal year 2010, the price that the BLM charged private 
companies for crude helium was $2.33 per cubic meter ($64.75 
per thousand cubic feet), about 496 higher than that of 2009. 
The BLM crude helium price is set by the helium Act of 1996 
and is adjusted yearly based on the Consumer Price Index for 


the previous year. 


Foreign Trade 


In 2010, exports of Grade-A helium increased to 76.8 million 
cubic meters (2.77 billion cubic feet), an 8% increase compared 
with those of 2009, and accounted for about 5 1.2% of sales 
of U.S.-produced helium; private industry supplied all U.S. 
helium exports. The increase in helium exports was attributed 
to increased shipments of helium to Australia, Belgium, Brazil, 
Canada, Germany, Republic of Korea, and Singapore. About 
50% of the helium exported from the United States went to 
Asia, with Japan receiving about 2096 of total U.S. exports. 


34.2 


About 25% of the exported helium was shipped to Europe; 
collectively, Belgium, France, Germany, Italy, and the United 
Kingdom received 94% of the helium exported to Europe. 
Other export destinations and percentages received were Canada 
and Mexico, combined, 14%; South America, 8%; Australia and 
New Zealand, 196; the Middle East and Africa, 196 each; Central 
America, and the Caribbean, less than 1% each. For 2010, 
import tariffs on helium remained at 3.7% for normal trade 
relations (NTR) nations and 25% for non-NTR nations. 


World Review 


Excluding the United States, world production capacity 
of helium was estimated to be about 70 million cubic meters 
(2.53 billion cubic feet) for 2010 (table 5). During 2010, the 
helium market began to slowly recover from the economic 
downturn of 2008—09. Helium production levels were 20% to 
2596 higher than in 2009. Two new plants in the Riley Ridge, 
WY, area started construction during 2010. Worldwide, several 
new helium plant projects were scheduled for startup sometime 
during 2012-18. Other new plants were to be constructed in 
Algeria, Australia, Indonesia, Qatar, and Russia. All known 
helium that was produced outside the United States during 2010 
was extracted in Algeria, Australia, Poland, Qatar, and Russia. 


Outlook 


From 2005-10, the total sales of U.S. produced helium 
increased about 296 per year, while from 2000—10; the average 
growth rate was near zero. Owing to the slow U.S. economic 
recovery, U.S. domestic helium consumption is expected to 
increase only slightly during 2011. Foreign helium demand 
also is expected to increase slightly during 2011. With the 
anticipation that foreign helium production will remain stable 
during 2011, increased foreign demand is expected to result In 
increased U.S. helium exports of about 5% compared with 2010 


exports. 
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: TABLE 1 
| TOTAL SALES ОЕ GRADE-A 
Е HELIUM PRODUCED IN THE 
E UNITED STATES! 
(Million cubic meters) 
Е Volume 
; Domestic ^ Total 
г Үсаг sales Exports? sales 
: 2000 | | 752 619 137 
; 2007 73.5 64.2 138 
А 2008 59.6 7 69.9 130 
i 2009 46.5 71.1 118 
| 2010 512 768 1% 
| 'Data are rounded to no more than three 
significant digits; may not add to totals 
shown. 
Source: U.S. Census Bureau. 
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TABLE 2 


OWNERSHIP AND LOCATION OF HELIUM EXTRACTION PLANTS IN THE 


'Including liquefaction. 
?Plant came online May 2009. 


3Plant did not produce helium during 2010. 
^Midstream Energy Services, LLC purchased plant from Nathaniel Energy in March 2009. 
*Nacagdoches Oil & Gas Shiprock Helium Plant did not produce helium during 2010. 

SOutput is piped to Ulysses, KS, for purification. 


"Plant shut down April 2009. 


TABLE 3 


UNITED STATES IN 2010 
Owner or operator Location Product purity 

Air Products Helium, Inc. Hansford County, TX — Grade-A helium.! 
Do. Liberal, KS Do. 

BP America Production Co. Sunray, TX Crude helium. 

Do. Ulysses, KS Do. 

DCP Midstream Cheyenne Wells, CO Crude and Grade-A helium.! 
Do. Hansford County, TX Crude helium. — 
Do. Liberal, KS Do. 

Do. Borger, TX Do. 

EnCana Oil & Gas (USA) Inc. Moab, UT Crude and Grade-A helium.! 

ExxonMobil Gas Marketing Co. Shute Creek, WY Do. 

IACX Energy? Otis, KS Crude helium. 

K-L Energy Partners, LLC Lakin, KS Do. 

Linde Global Helium, Inc. Otis, KS Grade-A helium. 

Midstream Energy Services, LLC’ Keyes, OK Crude and Grade-A helium.’ 

Nacogdoches Oil & Саз? Shiprock, ММ Grade-A helium. 

ONEOK, Field Services’ Bushton, KS Crude helium. 

ONEOK, Field Services Scott City, KS Do. 

Pioneer Natural Resources Co. Fain, TX Do. 

Do. Satanta, KS Do. 

Praxair, Inc. Bushton, KS Grade-A helium. 
Do. Ulysses, KS Do. 

SemGas, L.P.' Dodge City, KS Crude helium. 

Do. Ditto. 


HELIUM RECOVERY IN THE UNITED STATES! 


(Thousand cubic meters) 


2006 2007 2008 2009 2010 
Crude helium: 
Bureau of Land Management (BLM) sold (in-kind 
and open market) 63,500 58,00 50,300 30,200 66,000 
Private industry: 
Private helium accepted and stored by BLM 18,100 15,800 21,600 15,800 12,400 
Helium withdrawn from storage -75,800 -76,500 -71,500 -55,400 -65,200 
Total net helium put into storage -57,700 -60,700 -49,900 -39,600 -52,800 
Grade-A helium: 
Private industry sold 137,100 137,700 129,500 117,600 149,800 
Total helium stored -57,700 -60,700 -49,900 -39,600 -52,800 
Helium recovery from natural gas 79400 77000 79600 78,000 97,000 


Negative numbers denote а net withdrawal from BLM’s underground storage facility, a partially depleted 


natural gas reservoir at the Cliffside Field near Amarillo, TX. 
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TABLE 4 


SUMMARY OF BUREAU OF LAND MANAGEMENT HELIUM CONSERVATION STORAGE 


SYSTEM OPERATIONS? 


(Thousand cubic meters) 


E 2008 2009 2010 
Helium in conservation storage system on January 1: 
Stored under BLM conservation program" 583,500 532,500 500,500 
Stored for private producers under contract 27,600 28,000 18,600 
Total? Ш 611,100 560,500 519,100 
Input to system: uu 
_ Net deliveries from BLM plants | -- -- -- 
Stored for private producers under contract 21,600 15,800 12,400 
Total M 7 21,600 15,800 12,400 
Redelivery of helium stored for private producers under contract -71,500 | -55,400 -65,200 
Net addition to system! — -49,900 -39,600 -52,800 
Helium in conservation storage system on December 31: 
_ Stored under BLM conservation program? 532,500 500,500 433,000 
Stored for private producers under contract | 28,000 18,600 31,800 
__ Tota. uu E 560,500 519,100 464,800 
— Zero. 


'Crude helium is injected into or withdrawn from BLM’s underground storage facility, а partially 
depleted natural gas reservoir at the Cliffside field near Amarillo, TX. 


? Negative numbers denote a net withdrawal from BLM’s storage facility. 
Мег additions to system do not include in-kind crude sales or transfers. Totals, however, do include 


crude sales and transfers. 


TABLE 5 
WORLD GRADE-A HELIUM 
ANNUAL PRODUCTION 
CAPACITY AS OF 
DECEMBER 31, 2010 


(Million cubic meters) 


deu elati rr m Capacity 
United States! 177 
Restofword _ | 70 
_ Total® = _ 247 


*Estimated. 


' Includes plants on standby as well 
as operating plants. 
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FIGURE 1 
MAJOR U.S. HELIUM-BEARING NATURAL GAS FIELDS 
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FIGURE 2 
HELIUM RECOVERY IN THE UNITED STATES 
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FIGURE 3 
ESTIMATED HELIUM CONSUMPTION, BY END USE, 
IN THE UNITED STATES IN 2010! 
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8.8(12%) —— 


Cryogenics, 19.0 (26%) 


Welding, - 
124 (1799) A 
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Leak detection, 
2.9 (494) 


p: *" Controlled atmosphere, 16.1 
(2294) 


Pressure/purge, 
12.4 (1794) 
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'Total helium used in the Unites States in 2010 was estimated to be732 million cubic meters. 
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IODINE 
By Marc A. Angulo 


Domestic survey data and tables were prepared by Chery] J. Crawford, statistical assistant, and the world production table 


was prepared by Lisa D. Miller, international data coordinator. 


Iodine production and apparent consumption in the United 
States increased in 2010 compared with that of 2009. Data for 
production and apparent consumption were withheld to avoid 
disclosing company proprietary data. Reported consumption 
by producers and consuming industries was 4,670 metric tons 
(t) in 2010 compared with 4,550 t in 2009. Crude and sublimed 
iodine exports decreased to 1,070 t valued at $22.3 million in 
2010 compared with 1,160 t valued at $22.9 million in 2009. 
Imports of crude iodine increased to 5,710 t valued at $141 
million in 2010 compared with 5,190 t valued at $133 million 
in 2009. World production, excluding United States production, 
was estimated to be 28,700 t in 2010 compared with 28,500 t in 
2009. 


Legislation and Government Programs 


In 2008, the U.S. Environmental Protection Agency (EPA) 
approved the restricted use of the soil fumigant iodomethane 
(methyl iodide) as an alternative to the ozone depleting methyl 
bromide. Companies must provide training for employees and 
Satisfy risk mitigation requirements set by the EPA. Respirators 
or ducted fan and blower systems must be used by workers 
applying the fumigant. Tarps must be placed over treated fields, 
and buffer zones must be established around fields where the 
fumigant will be applied. Use of the fumigant is prohibited 
within a specified distance from such sites as day care facilities, 
hursing homes, prisons, and schools. Methyl iodide can be used 
to control insects, nematodes, plant pathogens, and weeds and 
may be used on crops, turf, and plants such as ornamentals, 
Peppers, strawberries, tomatoes, trees, and vines. The EPA 
concluded three field studies conducted in Georgia, Florida, 
and Michigan, consisting of human health risk assessments 
and emission studies of iodomethane applied to fields using 
impermeable tarps, and found that emission were significantly 
reduced compared to typical processes. Once an evaluation 
of data from these field studies is concluded, changes to 
lodomethane labels will likely be made (U.S. Environmental 
Protection Agency, 2011). 


Production 


The U.S. Geological Survey obtained domestic production 
data for iodine from a voluntary canvass of two U.S. operations 
(table 1). U.S. production increased slightly in 2010 from that 
of 2009. Data were withheld to avoid disclosing company 
Propnetary data, 


ЮСНЕМ Corp. (а subsidiary of Toyota Tsusho America, Inc.) 


produced iodine near Vici, іп Dewey County, OK. Woodward 
lodine Corp. (owned by Ise Chemical Corporation of J apan) 
produced iodine near Woodward, in Woodward County, OK. 
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Iofina plc (United Kingdom) completed development of 
its Atlantis prospect in northern Montana, which included 
drilling its first production well, construction of iodine and gas 
separation buildings, and laying a 14.5-kilometer (km)-long gas 
pipeline extension. The prospect consists of sodium chloride 
brine with high concentrations of iodine, located between 
two major biogenic gas fields. After several delays owing to 
mechanical issues, collection of gas and iodine at the prospect 
began in March (Iofina plc, 2008, 2010). 


Consumption 


U.S. apparent consumption of iodine, which is withheld to 
avoid disclosing company proprietary data, increased by 1296 in 
2010 from that of 2009. Reported consumption by consuming 
industries was 4,670 t in 2010 compared with 4,550 t in 2009. 
Accurate end-use statistics are difficult to gather since domestic 
and imported iodine were used to produce many intermediate 
iodine compounds, usually by downstream manufacturers. 
However, 16 of the 22 companies to which a survey form 
was sent responded to the annual or preliminary surveys, 
representing 7476 of the total consumption by major domestic 
users of iodine (tables 1, 2). 

Use of iodine in manufacturing increased by 396 in 2010 
compared with that of 2009 (table 2). Production of crude 
iodine and potassium iodide (KI) decreased by about 5994 
and 27%, respectively. Two companies accounted for the bulk 
of the decrease in use of crude iodine and KI. Production of 
miscellaneous and other inorganic iodine products, which 
IK ades cuprous iodide and potassium iodate, increased by 
* ч Production of organic lodine compounds decreased by 

Commercial crude iodine normall 
99.5% to 99.8%, depending on the s 
of quantity, are primarily insoluble materials, iron 
and water. The U.S. Pharmacopeia specifies an iodine 
not less than 99.894 for commercial lodine. The Comm; 
Analytical Reagents of the Americ Ри 
a maximum of 0.005% total bromi 
nonvolatile matter in its s ecificati iodi 

Biocides and Doni cae .. 


arry large amounts of iodi 

ts for use in dairies, food Е 
aboratories, The Nationa] 
ation (NASA) USES iodine 

n all manned Space flights 


ion. Iodine i 
| S à cost-effici 
ater disinfection ficient, 
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Catalyst.—lodine catalysts were used to manufacture 
acetic acid and synthetic rubbers. Acetic acid was used in 
the manufacture of certain adhesives, dyes, pharmaceuticals, 
plastics, surface coating, and vinegar. Most acetic acid is 
produced using the methanol carbonylation process, which uses 
iodomethane at an intermediate step. Catalysts were generally 
recycled and reused in new processes. 

А research team from Japan developed a metal-free way to 
create the compound 2,3-dihydrobenzofuran, used in a variety 
of biologically active drugs, by employing iodine as a way to 
sidestep the use of toxic heavy metals. This catalytic process 
was considered environmentally friendly since no heavy metal 
waste products were produced (Everts, 2010). 

Chemicals.—lodine was used as a stabilizer in the 
manufacture of nylon for tire cord and carpets and for 
converting resins, tall oil, and other wood products to a more 
stable form. 

Nutrition.—lodine is an essential component of thyroid 
hormones, which directly affect processes in the brain, muscles, 
heart, pituitary gland, and kidneys. Iodine deficiency causes 
goiter in adults, increased mortality and impaired cognitive 
development in children, and reproductive failure. Iodine 
deficiency disorder can be prevented by consuming about 150 
milligrams of iodine per day for a human adult (Institute of 
Medicine of the National Academies, 2006). 

Pharmaceuticals.—Radiopaque agents, drugs that absorbs 
x rays, are used to help diagnose certain medical ailments and 
may contain iodine. Radiopaque-diagnosed medical problems 
include brain disorders, cardiac disease, central nervous system 
disorders, cerebrospinal fluid, disk disease, gastrointestinal 
(gall bladder) disorders, peritoneal disorders, splenic and 
portal vein disorders, urinary track disorders, and vascular 
disease. Potassium iodide was used as an expectorant in cough 
medicines. Hydriodic acid and KI were used in the synthesis of 
amphetamine, ethylamphetamine, and methamphetamine, which 
are regulated stimulants. The isotope ]-131 was used to treat 
thyroid cancer and hyperthyr oidism. MEM 

Other Uses.—Developments in digital imaging have allowe 
electronic prints and overhead transparencies to be produced 
without the need for wet processing film. The majority of 
current feature films, however, relied on printed film for 
shooting since film provides higher image resolution. In the next 

de, uses of iodine in films and processing may be limited to 
деса P. magi digital imagery technology for motion 
specialty ааа ent and printers become 
pictures improves and digital equipm р 


more affordable. 
Using iodine as а га 
been found to increase 
used with caution on ра 
(Tung, 2006). Barium su 


diocontrast agent in x-ray imaging has 
the risk of kidney failure and should be 
tients with impaired kidney function 
ќе, which was used primarily in 
imagi e used as an iodine substitute 
digestive Ta E Many elements have 
2 caps than iodine; however, no other element 
— al characteristics that allow iodine to form 
in unt with low toxicity. It is this latter property 
soluble S iodine-containing contrast media suitable for 
whic 


radiography. 
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Iodine is used for manufacturing iodine-adsorbed polyvinyl 
alcohol polarizing films for liquid crystal displays (LCD) for 
electronic equipment, including appliances, computers, digital 
cameras, personal handheld devices, and televisions. Polarizers 
are added to LCDs to enhance the light contrast between the 
screen and the liquid crystals, making the LCD more visible. 
These polarizers are usually made from stretched polyvinyl 
alcohol films that contain iodine. 


Prices 


Prices for iodine and its derivatives continued to increase in 
2010. The average free alongside ship (f.a.s.) value for exported 
crude iodine in 2010 was $20.81 per kilogram, an increase 
from $19.75 per kilogram in 2009. The average declared cost, 
insurance, and freight (c.i.f.) value for imported crude iodine 
was $24.71 per kilogram in 2010, a decrease from $25.54 per 
kilogram іп 2009. The average declared c.i.f. value for iodine 
imported from Chile, the leading source country of imported 
iodine for the United States, was $25.45 per kilogram in 2010 
compared with $26.66 per kilogram in 2009. The average 
declared c.i.f. value for imported crude iodine from Japan was 
$21.06 per kilogram in 2010, an increase from $19.90 per 
kilogram in 2009. | 

The spot price of crude crystal iodine, 99.5% minimum 
purity, in 50-kilogram drums delivered to the United Kingdom 
ranged from $30.80 to $31.80 per kilogram in January 2010. 
In December, the price increased to $31 to $33 per kilogram 
(Industrial Minerals, 20102, b). Actual prices for iodine are 
negotiated on long- and short-term contracts between buyers 


and sellers. 


Foreign Trade 


Net trade is not easily defined since iodine was exported 
and imported in many forms other than elemental iodine and 
KI. Exports of crude iodine decreased to 1,070 t with an f.a.s 
value of $22.3 million in 2010 compared with 1,160 t valued 
at $22.9 million in 2009 (table 3). Exports of KI increased to 
442 t with an f.a.s. value of $9.3 million in 2010 compared with 
128 t valued at $2.7 million in 2009. Exports of crude шк {0 
Canada, Germany, and Mexico represented 86% of total crude 
iodine exports in 2010. 

Imports of crude iodine increa 
of $141 million in 2010 compare 
million in 2009 (table 4). Imports o 
a c.i.f. value of $9.8 million in 2010 comp 
259 t valued at $6 million in 2009. Imports о 
Chile and Japan represented more than 99% 0 


sed to 5,710 t with a c.i.f, value 
d with 5,190 t valued at $133 

f KI increased 10 423 t with 
ared with a total of 

f crude iodine from 
f total crude jodine 


imports in 2010. 
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in 2009. Production from Chile accounted for 5896 of that 
tonnage; Japan accounted for 2196; and the United States 
accounted for 596. Other producing countries accounted for 296 
ofthe iodine supply, and iodine recycled in the manufacturing 
process accounted for 14%. X-ray contrast media represented 
2096, iodophors represented 1396, pharmaceuticals represented 
13%, and LCD represented 11% of iodine consumption in 2010 
(Sociedad Química y Minera de Chile S.A., 2011a, p. 11). An 
estimated 1696 of iodine may be consumed in manufacturing 
industrial catalysts (Kanto Natural Gas Development Co., Ltd., 
undated). 

Azerbaijan.—Azeryod LLC (a subsidiary of ISR Holding) 
continued expansion of its Neftchala iodine plant, supported by 
a$15 million loan from the European Bank for Reconstruction 
and Development (European Bank for Reconstruction and 
Development, 2010). In late 2009, construction was completed 
ona 10-km-long collector linking the Khilly field with the 
Azeryod plant, and two 15,000-cubic-meter reservoirs were 
repaired (ISR Holding, 2010). In 2010, the company received 
warnings from the Ministry of Ecological and Natural Resources 
in connection with environmental pollution at the Neftchala 
plant. After an examination, it was determined that a leak 
existed in a tank which received iodine from the wells, and the 
Ministry instructed the company to resolve the deficiencies 
(Today.az, 2010). 

Chile.—Sociedad Química y Minera de Chile S.A. (SQM), 
the leading iodine producer in Chile, reported sales of 11,900 t 
of iodine and iodine derivatives valued at $316 million in 2010 
compared with 7,200 t valued at $191 million in 2009. The 
Increase in sales was attributed to increased demand in industrial 
applications, such as LCD screens and biocides (Sociedad 
Química y Minera de Chile S.A., 2011b). SOM estimated that 
It held 36% of the world market for iodine and its derivatives 
(Sociedad Química y Minera de Chile S.A., 201 1a). 

Atacama Minerals Corp., a publicly held Canadian 
company operating the Aguas Blancas mine in northern Chile, 
commissioned an agitated leaching processing plant in late 
2008 with the intent of increasing production to 1,500 metric 
tons per year (t/yr) of iodine from 1,000 t/yr. The $26.5 million 
plant was expected to increase recovery of iodine to more than 
75% from 55%, reduce processing time from several months to 
less than 24 hours (reducing the need for new heap-leach pad 
construction), and reduce water consumption by 2596. However, 
full Startup was delayed since the crushing and grinding 
section of the plant was inadequate to handle the higher than 
expected sodium sulfate levels found in the mine. In late 2009, 
the company announced plans to reconfigure the crushing and 
grinding circuit to adequately handle the various ore types. In 
the second quarter of 2010, design details were finalized, and 
construction was expected to be completed in January 2011 
(Atacama Minerals Corp., 2008, 2009, 2010). 


Outlook 


| The Chilean producers, which produced 58% of the global 
lodine supply in 2010, were operating near capacity and were 
expected to expand production in response to changes in 

demand and to capitalize on expected increases in iodine prices. 
SQM projected global demand to increase to 31,000 t and prices 


IODINE—2010 


to increase to $34 per metric ton in 2011 (Sociedad Química y 
Minera de Chile S.A., 2011a). The water treatment market was 
expected to increase, with more growth anticipated in Asia. 
Expanding treatment of municipal water supplies could increase 
the demand for biocides and disinfectants in the future. Use of 
x-ray contrast media, which contain as much as 6094 iodine, was 
expected to increase. More medical tests on an aging population 
could result in increased demand for iodine-containing x-ray 


contrast media. 


References Cited 


Atacama Minerals Corp., 2008, Atacama reports strong cash position at end of 
third quarter: Vancouver, British Columbia, Canada, Atacama Minerals Corp., 
December 2, 1 p. 

Atacama Minerals Corp., 2009, Atacama second quarter highlights: Vancouver, 
British Columbia, Canada, Atacama Minerals Corp., September 9, 2 p. 

Atacama Minerals Corp., 2010, Atacama third quarter highlights: Vancouver, 
British Columbia, Canada, Atacama Minerals Corp., November 29, 3 p. 

Everts, Sarah, 2010, Iodine catalysis goes green: Chemical and Engineering 
News, v. 88, no. 24, June 14, p. 11. 

European Bank for Reconstruction and Development, 2010, Azer-Yod 
II: London, United Kingdom, European Bank for Reconstruction and 
Development, July 27. (Accessed June 28, 2011, at http://www.ebrd.com/ 
english/pages/project/psd/2008/38339.shtml.) 

Industrial Minerals, 2010a, Prices: Industrial Minerals, no. 508, January, p. 65. 

Industrial Minerals, 2010b, Prices: Industrial Minerals, no. 519, December, 

p. 70. 

Institute of Medicine of the National Academies, 2006, Iodine, in Otten, J.J., 
Hellwig, J.P., and Meyers, L.D., eds., DRI, dietary reference intakes— The 
essential guide to nutrient requirements: Washington, DC, Institute of 
Medicine of the National Academies, p, 321-327. 

lofina plc, 2008, About lofina—Overview and history: London, United 
Kingdom, lofina plc. (Accessed April 8, 2010, at http://www.iofina.com/ 
about overview.html.) 

lofina plc, 2010, Interim results for the six months ended 30 June 2010: London 
United Kingdom, lofina plc., 14 p. (Accessed June 28, 2011, at http:// | 
www.iofina.com/perch/resources/firsthalffinancials092820 IOfinal.pdf.) 

ISR Holding, 2010, News—Azer-Yod: Moscow, Russia, ISR Holding 
February 3. (Accessed June 28, 2011, at http://istholding.com/news/info/42 ) 

Kanto Natural Gas Development Co., Ltd., [undated], What is iodine?: Tokyo | 
Japan, Kanto Natural Gas Development Co., Ltd. (Accessed June 27 2011 | 

| Maes gasukaico,iplenglish/odine/index ml о 

ociedad Química y Minera de Chile S.A., 2011a, Co EN 
а Chile, Sociedad Química у Minera de Chile SER б 
ccessed June 27, 2011, at http://www.sam. | 5 

: en/SQM. Corporate Presentation May 2011 ing edt re resemations/ 

ociedad Quimica y Minera de Chile S.A., 201 1b, SQM reports earnings for 


the year 2010: Santiago, Chile, Sociedad uimi i | 
release, March 1, 8 p. Química y Minera de Chile press 


nmental pollution: 


Today.az, December 23. (Accessed June 6, 2011, at http://today.az/news/ 
2 А А 


society/78640.html.) 

Tung, H.K.S., 2006, Risks of iodinated contra i 
- , , st — 

Medical Bulletin, v. 11, no. 6, June, p.15-17 Е 

U.S. Environmental Protection Agenc i 
ыды У, 2011, Extens iti 

registration of iodomethane (methyl iodide); ҚҰЛАНЫ M 

Environmental Protection Agency, March 17. (Accessed Jun M 

htp;//WWw.epa.gov/pesticides/factsheets/iodomethane fs UR и 2011, at 


GENERAL SOURCES OF INFORMATION 


t you should know. 


U.S. Geological Survey Publication 


Iodine. Ch. in Mineral Commodity Summaries annual 
3 ua . 


Roskill Information Servic 


e 
2010]. 5 Ltd. [last r €ported оп iodine in 


36.3 


о 


36.4 


TABLE 1 
SALIENT IODINE STATISTICS! 


(Metric tons and dollars) 


2006 2007 2008 
United States: 
Production W W W 
Imports: 

Quantity, for consumption? 5,640 6,060 6,300 
Price, average" dollars per kilogram 19.34 21.01 21.52 
Exports” 1,580 1,060 950 

Consumption: 
Reported" 05,570 4,470 4,590 
Apparent? W W W 
26,700 26,300 26,500 


World, production" 


*Estimated. W Withheld to avoid disclosing company proprietary data. 


Рав are rounded to no more than three significant digits, except prices. 


2009 


5,190 
25.55 
1,160 


4,550 
W 
28,500 


?Source: U.S. Census Bureau information reported by Harmonized Tariff Schedule of the United States code 2801.20.0000. 


*Cost, insurance, and freight valuation. 


*Reported by voluntary response to the U.S. Geological Survey from a survey of domestic establishments. 
5Calculated using domestic production plus imports minus exports plus adjustments for government and domestic 


industry stock changes. 


TABLE 2 
DOMESTIC CONSUMPTION OF IODINE, BY PRODUCT "* 


СИИИ 77 7 299. “ж” 
Number | Quantity | Number Quantity 

Product —  ofplants | (metric tons) | of plants - (metric tons) 

Inorganic compounds: ee ee 
| Crude iodine a 7 505 3 207 
 Resubimediodne - 000 7 2j : 25 
| Potassium iodide — ^ .  -. 4 167 4 122 
© Sodium iodide ва салса ке 5 193 | 10 
7 Hydriodic acid | 3 195 3 181 
_ Potassium iodate | 3 17 3 34 
Miscellaneous iodate, and iodides” 2 37 | 93 
Other inorganic compounds ци 5 510 4 752 
^ Toa — xx * 1,690 хх“ 2,100 

Organic compounds: IDEEN 
` Ethylenediamine dihydroiodide 2 231 2 256 
| Povidine-iodine (iodophors) 2 321 e js 
Other orgz | 7 2,310 9 2320 


; 5 
Other organic compounds | | | 


тош 00 ЗЕ: XX! ме 
ME хх __ 4670 


ХХ WE S RETE 


Gandtotal Жо 
XX Not applicable. -- Zero. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 


"Reported by voluntary response to the U.S. Geological Surve 


3Includes ammonium iodide, calcium iodate, and cuprous iodide. 


^Nonadditive because some plants produce more than one product concurrently. 
Stncludes methyl and (or) ethyl iodide and other unspecified products. 
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2009 2010 
Quantity Value” Quantity Value” 
Type and country of origin? (metric tons) (thousands) (metric tons) (thousands) 
Iodine, crude/resublimed: 
Argentina 8 $76 2 $24 
Canada 154 3,570 203 4,920 
Costa Rica 8 8 a Es 
Egypt 5 144 4 104 
El Salvador 6 42 = өз 
Germany 779 15,300 661 14,000 
Italy 90 2,180 35 940 
Japan 14 222 28 509 
Malaysia 2 13 9 64 
Mexico 67 854 55 319 
Netherlands -- -- 10 221 
South Africa (4) 6 33 551 
United Arab Emirates -- -- 9 235 
Other? 26" 471! 24 420 
Total 1,160 22,900 1,070 22,300 
Potassium од! де: 
Australia 6 164 14 338 
Chile -- -- 82 1,730 
France 29 792 119 2,600 
Germany (4) 3 35 862 
Korea, Republic of 12 108 25 452 
Mexico 10 297 13 370 
Russia -- -- 5 125 
Saudi Arabia -- -- 31 702 
Taiwan 40 610 73 1,030 
Turkey i 8 245 16 451 
Other' 23° 497 ' 30 673 
Total 0200008 210 a 39330 
Revised. -Ze ———t— H— 


TABLE 3 
І 
U.S. EXPORTS OF CRUDE IODINE AND POTASSIUM IODIDE, BY COUNTRY OF ORIGIN 


"Раја are rounded to no more than three significant digits; may not add to totals shown. 


"Declared free alongside ship valuation. 


| Export information for crude and resublimed iodine and potassium iodide are reported by Harmonized Tariff 
Schedule of the United States codes 2801.20.0000 and 2827.60.2000, respectively. 


*Less than % unit. 


"Includes countries with quantities less than 10 metric tons. 


SPotassium iodide contains 76% crude iodine. 


"Includes countries with quantities less than 5 metric tons. 


Source: U.S. Census Bureau. 
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TABLE 4 
U.S. IMPORTS OF CRUDE IODINE AND POTASSIUM IODIDE FOR 


CONSUMPTION, BY COUNTRY OF ORIGIN! 


2009 2010 
Quantity Value? Quantity Value? 
Type and country of origin? (metric tons) (thousands) (metric tons) (thousands) 
lodine, crude: 

Chile 4,290 $114,000 4,770 $121,000 
France 7 187 1 13 
India 19 615 -- -- 
Јарап 871 17,300 937 19,700 
Other" а рай 25 4 45 
Total 5,190 133,000 | 5,710 141,000 

Potassium [оф де: 
Brazil 22 471' 19 415 
Сапада 183 4,560 315 8,000 
Chile 35 632 ' 26 337 
Germany 3 47 9 110 
India I 8 188 35 663 
United Kingdom 8 95 15 166 
Other" (6) ' 2T 3 82 
Total — 0 259 - 6,000 423 9,770 


"Revised. -- Zero. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 


?Declared cost, insurance, and freight valuation. 
"Import information for crude iodine and potassium iodide are reported by Harmonized Tariff Schedule of 


the United States codes 2801.20.0000 and 2827.60.2000, respectively. 


^Includes countries with quantities less than 5 metric tons. 


5Gross potassium iodide contains 76% crude iodine. 


. Less than ^ unit. 


Source: U.S. Census Bureau. 


TABLE 5 
CRUDE IODINE: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 


RENE TT TENA MEM 
Country 2006 2007 2008 2009 2010 
Azerbaijan 300 300 300 300 300 
Атегодјао_6_6_6_ш_н____- 
Chile 16,494 “ 15,473 * 15,503 * 17,399 17,500 
lik nee 560 570 570 580 - 
China 
Indonesia 75 75 75 75 
НИЙ 8,724 ^ 9,282 “ 9,500 9,600 pen 
an m 
e 300 300 300 300 P 
тоати 270 270 270 " - 
W 
United States : : | | ; 
: NN NEM NEM" < 
E e 26,700 26,300 26,500 28,500 28,7 
оға коктен с сы QC enea а 
AU With id di i ietary data; not included in total. 
thheld to avoid disclosing company proprie A u — 
Кн and estimated data are rounded to no more than three significant digits; may not add to totais 


World totals, U.S. data, 
Table includes data availab 
Includes iodine production 


4Reported figure. 


le through June 23, 2011. 
reported by Servicio Nacional de Geologia y Mineria. 
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INDIUM 


By Amy C. Tolcin 


The domestic table was prepared by Maria Arguelles, statistical assistant, and the world production table was prepared by 


Lisa D. Miller, international data coordinator. 


All refined indium produced in the United States during 2010 
came from the refining of lower grade imported indium metal 
and from refining of scrap. Two refineries, one in New York and 
the other in Rhode Island, produced the majority of indium metal 
and indium compounds in 2010. A number of smaller companies 
produced specialty indium alloys and other indium products. 


Production 


Though zinc was mined domestically, primary indium was 
not known to be recovered from these zinc concentrates. Lithic 
Resources Ltd. (Vancouver, British Columbia, Canada), however, 
completed a preliminary economic assessment for its Crypto 
zinc-copper-indium project in Utah in August. The assessment 
concluded that the deposit would be developed as an underground 
mine with an onsite mill that would produce zinc-indium and 
copper-gold-silver concentrates. The mill would be designed to 
process 3,500 metric tons per day of ore, and mine life would be 
10 years. As of November 2009, indicated resources at Crypto 
totaled 283 metric tons (t) of indium. The company has owned the 
property since 2005 (Lithic Resources Ltd., 201 0). 

Indium metal was not produced as a byproduct in the United 
States at any zinc or lead refineries. Production of indium 
consisted of upgrading imported indium metal and powder. 
Lower grade (99.97%) and standard-grade (99.99%) imported 
indium was refined to purities of up to 99.99999%, Indium 
metal was sold in various forms (foil, ingot, powder, ribbon, 
wire, and others). Indium Corp. of America (ICA) (Utica, NY) 
and Umicore Indium Products (Providence, RI, a division of 
n.v. Umicore, s.a., Olen, Belgium) accounted for the majority 
of U.S. production of indium metal and products. In October, it 
was reported that ICA planned to purchase a facility in Utica, 
NY, to expand its production capabilities (Schier, 2010). 


Recycling 


| A large portion of global secondary indium was produced from 
Indium-tin oxide (ITO) recycling. Spent ITO target recycling was 
concentrated in China, Japan, and the Republic of Korea—the 
countries where ITO production and sputtering takes place. 
Indium can also be recovered from copper-indium-gallium- 
diselenide (CIGS) solar cells to be used in the manufacture of 
| (165 solar cells. Indium may be reclaimed directly from 
| ж crystal display (LCD) panels. The panels are crushed 
Imeter-sized particles and then soaked in an acid solution 
s Issolve the ITO from which the indium is recovered. 
Sana recovery from tailings was thought to have been 
А = as these wastes contain small percentages of the 
i ap can be difficult to process. However, improvements to 
м А ess technology have made indium recovery from tailings 
asible when the price of indium is high. 
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Consumption 


Indium Tin Oxide.—Production of ITO was the leading end 
use of indium, accounting for the majority of global indium 
consumption. ITO is used for electrically conductive purposes in 
a variety of flat-panel display devices—most commonly, LCDs. 
Most ITO production was concentrated in Japan. Significant 
quantities of ITO also were produced in China, the Republic 
of Korea, and Taiwan. Demand for ITO increased during the 
first half of 2010 from that of the second half of 2009 owing 
to a rise in LCD panel production. However, LCD panel 
inventories began to increase during the second half of 2010 
owing to lower-than-expected LCD sales in the United States 
and global economic uncertainty. One LCD panel producer 
initiated a 30% production cut at one of its Japanese plants to 
control inventory. As a result of weakening LCD demand in 
the second half of 2010, LCD panel producers lowered prices, 
resulting in an aggressive price competition among flat-screen 
LCD TV producers. However, ITO producers were not able to 
significantly lower the price for ITO owing to higher indium 
prices in 2010. 

Alloys and Solders.—Alloys and solders were the second 
leading end use of indium globally. Indium-containing solders 
have lower crack propagation and improved resistance to 
thermal fatigue when compared to tin-lead solders. They also 
inhibit the leaching of gold components in electronic apparatus. 
Low-melting-point indium alloys are used as fuses or plugs for 
sprinkler systems. In the optical industry, low-melting-point alloys 
are applied to lenses and act as a surface for machine tools to grip 
during the polishing process. Certain types of indium alloys can 
be used as bonding agents between nonmetallic materials Such as 
glass, glazed ceramics, and quartz. Indium has also been used in 
dental alloys and in white gold alloys. 

Other. —Another important use of indium was for III-V 
semiconductor materials for light-emitting diodes (LEDs) 
and laser diodes. In indium-based semiconductors, indium 
antimonide, indium arsenide, or indium phosphide can be used 
as the substrate, and several Indium-containing compound 
can be used as the epitaxial layer (or substrate coating) 1 
as indium gallium arsenide. Indium-based LEDs are | "x 

: i | sed 
predominantly to optically transmit data and, to а less 
in LED displays. Indium-based laser diodes a used ee 
fiber-optic communications. n 

Other uses of indium included elec 
alloy replacements, and nuclear cont 
use indium to prevent buildup of hy 
battery casings. 


trodeless lamps, mercu 
rol rods. Alkaline batteries 
drogen gas within sealed 


Prices 


The 2010 average annual Platts Metals Week New York dealer 
price range for indium [99.99% minimum purity in minimum lots 
of 50 kilograms (kg)] was $535 to $569 per kilogram. Indium 
prices began the year ranging from $460 to $500 per kilogram 
and generally increased through May, reaching a high of $580 to 
$640 per kilogram. Subsequently, prices slowly declined through 
December, ending the year at $520 to $570 per kilogram. 

According to Platts Metals Week, the ICA producer price for 
indium (99.9796 purity, 1-kilogram bar in lots of 10,000 troy 
ounces) began the year at $500 per kilogram. In early February, 
the price was raised to $570 per kilogram and remained at that 
level for the rest of the year. 


Foreign Trade 


During 2010, U.S. imports for consumption of unwrought 
indium metal and indium powders totaled 117 t, a 1296 increase 
from the 105 t imported in 2009. Leading suppliers in 2010 were 
China (2396), Canada (20%), and Japan (1 8%). Belgium, Hong 
Kong, Taiwan, and the United Kingdom were also significant 
suppliers. There was no exclusive domestic export classification 
code for unwrought indium and indium powders. 


World Review 


Australia.—North Queensland Metals Ltd. (Fortitude Valley, 
Queensland) owned the Baal Gammon copper, tin, silver, and 
indium project near Herberton. Estimated probable ore reserves 
at Baal Gammon reportedly were 3.1 million metric tons (Mt) 
of ore grading 29.6 grams per metric ton of indium. North 
Queensland Metals was acquired by Conquest Mining Ltd. 
(Bondi Junction, New South Wales) in the fourth quarter 
(North Queensland Metals Ltd., 2009, p. 18; 2010). 

Belgium.—Indium metal (foil and ingots) was produced at 
Umicore's precious metals refinery at Hoboken, near Antwerp. 
A special metals plant at the refinery recovered indium from 
dusts and residues generated by the facility's lead refinery. 
Production capacity was 50 metric tons per year (t/yr) of indium. 
Umicore recently installed a new process at Hoboken, which 
allows the company to reclaim the copper, indium, gallium, and 
selenium from CIGS solar cells, which U micore then uses to 
manufacture new CIGS solar cells (Metal-Pages, 2010c). 

Bolivia.—Bolivia was a Significant producer of indium-bearing 
concentrates, which were exported and processed elsewhere, 

Canada.—Refined indium was produced at Teck Resources 
Ltd.’s (Vancouver) lead-zinc metallurgical complex at Trail, 
British Columbia. Indium production Capacity at Trail was 
about 75 t/yr. Actual production would be determined by the 
availability of indium-bearing concentrates, 

Xstrata plc's (Zug, Switzerland) Kidd Creek Copper-zinc 
metallurgical operations at Timmins, Ontario, usually produced 
approximately 10 to 15 t/yr of refined indium, Xstrata began 
to ramp-down operations at the smelter in May and ceased 
operations in mid-June. Previously, the smelter’s Copper 
operations were temporarily idled in August 2009 owing to a 
lack of concentrate feed from third parties. Concentrates from 
the nearby Kidd Creek copper-zinc-silver mine were redirected 


to Xstrata’s Horne smelter in Quebec, which does not have the 
35.2 


capability to extract indium. ICA had a supply contract with 
Xstrata for the indium produced at Kidd Creek (American Metal 
Market, 2010). 

Canada has several indium-containing deposits that were 
being explored or were under development. Adex Mining Inc. 
began a drilling program in October to upgrade the inferred 
resources at the tin-indium-zinc North Zone deposit on its 
Mount Pleasant Mine property in New Brunswick to National 
Instrument (NI) 43-101 compliant indicated resources. The 
drilling program was being conducted as part of the feasibility 
study of the deposit (Adex Mining Inc., 2010). 

Alexco Resource Corp. (Vancouver) completed construction 
of the Bellekeno silver-lead-zinc mine and mill in September. 
The mine is in the Keno Hill Silver District in the Yukon 
Territory. By November, the mill was operating at design 
capacity and was producing silver-lead and zinc concentrates 
that possibly contained payable indium. The company entered 
into offtake agreements with Glencore International AG (Baar, 
Switzerland) that allowed for the payment of indium once 
commercial quantities of the metal had been demonstrated 
within the concentrates (Alexco Resource Corp., 2010). 

Avalon Rare Metals Inc. continued to evaluate the possible 
development of its East Kemptville tin-indium project in Nova 
Scotia. The company undertook an exploration program in 
areas surrounding the former East Kemptville tin mine to assess 
the indium and tin resources of the deposit. Avalon planned to 
commence a work program to identify resources that would 
comply with NI 43-101 requirements once approval for the 
program was gained from the government of Nova Scotia 
(Metal-Pages, 20102). ; 

China.— China was the leading global producer of primary 
indium, with some secondary production as well. Chinese indium 
production in 2010 increased from that of 2009, although some 
small- and medium-sized producers were reported to have | 
reduced or stopped production during the year owing to increase 
environmental controls (Metal-Pages, 20106). TW 

Zhuzhou Keneng New Material Co., Ltd. added an indium 
production line with a 5 t/yr capacity. The company was T 
to have produced 46 t of indium in 2009 (Metal-Pages, 2010 ). 

The total 2010 indium export quota was 233 t, unchanged 
from that of 2009. Zhuzhou Smelter Group was given the чым 
quota of 45.1 t, followed by Nanjing Foreign Economic & Tra 
Development Co., Ltd. (30.1 t), Guangxi China Tin Group Со, 
Ltd. (25.5 t), Zhuzhou Keneng New Material (24.9 t), дри 
Nonferrous Metals Group Import and Export Co., Ltd. (14.9 a 
and Nanjing Germanium Factory Co., Ltd. (14.4 t). In gm 
exported 124 t of indium metal, powder and scrap, of whic | 
went to Japan (Roskill's Letters From Japan, 2010b; 201 l, p. ' 

France.—Nyrstar NV's Auby zinc smelter had an us 
recovery plant that produced a concentrate grading 20% indium, 
Which was sold to third parties for further processing. GmbH 

Germany.—Indium was produced at PPM Pure Metals и 
(Langelsheim) and Norddeutsche A ffinerie AG (Hamburg). y 
recovered indium from та m-containing materials at 15 r = 
metals production facility іп Langelsheim. The company 34 
high-purity indium ingot, semifinished products, and a a 
compounds. Norddeutsche A ffinerie AG also produced Е: р 
indium, which it consumed for the development of solar ce/s 
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Japan.—Japan was a significant recycler of indium. Indium 
recycling-companies included Asahi Pretec Corp., Dowa Metals 
& Mining Co., Ltd., Nikko Metals, Mitsui Mining & Smelting, 
Sumitomo Metal Mining Co., Ltd., and Toho Zinc Co., Ltd. Dowa 
Metals & Mining operated an indium recycling facility in Akita 
Prefecture. Production capacity at the facility was 150 t/yr of 
secondary indium. Dowa also had the capacity to produce 
70 /уг of primary indium. Dowa’s production was sold to 
consumers in Japan. Asahi Pretec had the capacity to produce 200 
t/yr of secondary indium at its ITO target recycling plant in 
Fukuoka. | 

Japan also is a leading consumer of indium. After declining 
each year since 2006, indium consumption was thought to 
have increased in 2010 from that of 2009. Most of the increase 
was attributed to rises in ITO production, which accounts for 
about 90% of Japan's indium consumption. Major Japanese 
indium consumers included ITO producers Mitsui Mining & 
Smelting, Nippon Mining & Metals, Sumitomo Metal Mining, 
Tosoh Corp., and Ulvac Technologies, Inc. Nippon Mining & 
Metals operated the world's leading ITO production plant— 
the 50-metric-ton-per-month (t/mo) Isohara plant near Tokyo. 
Mitsui Mining & Smelting operated the second-ranked ITO 
manufacturing plant, the Omuta plant in southern Japan, which 
had the capacity to produce about 20 to 30 t/mo of ITO (Platts 
Metals Week, 2008; Ryan's Notes, 2008; Watanabe, 2008). 

Japanese shipments (including exports) of the semiconductor 
alloy, indium phosphide, increased by 15% in the second half of 
fiscal year 2009 (October 2009—March 2010) from that of the 
same period in the prior fiscal year. The increase in shipments 
Was attributed to an overall recovery in demand for fiber optics 
(Roskill’s Letters From Japan, 20102). 

Korea, Republic of.—K orea Zinc Co., Ltd. produced primary 
and secondary indium at its Onsan zinc refinery. Production 
capacity at the plant was thought to be 200 t/yr of indium, of 
Which 100 t/yr was primary and 100 t/yr was secondary. Primary 
feedstock was sourced from zinc concentrates originating from 
Bolivia, and secondary feedstock was sourced from J apanese 
ITO producers. Korea Zinc produced 120 t of indium in 2010 
(Roskill’s Letters From Japan, 2011, p. 1). 

Peru—Refined indium was produced at Votorantim 
Metais’ Cajamarquilla zinc refinery. Doe Run Peru's La Oroya 
metallurgical complex, which has the capacity to produce a 
small amount of indium, has been closed since June 2009. 

Russia.—Chelyabinsk Zinc Plant OJSC and Ural Mining and 
Metals Co. (UMMC) produced refined indium. Refined indium 
produced in Russia was exported. 


Outlook 


анн for indium will continue to follow demand for 

д Ade › тоге broadly, LCDs. Shipments of mobile devices 
пите to increase, with substantial increases forecast for 

"im tablets and smart phones. The market share of LCD 

mata increasing, while that of plasma display panels is 

a У and cathode ray tube televisions, decreasing. 

= : $ Ipments of flat-panel display televisions (ЕРІ) TVs) 

Bp неа to Increase 676 from those of 2010 to 206 million 

ч owed by a 9% increase in 2012. Globally, growth 
emand for FPD TVs will be the strongest in developing 
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areas—specifically, Africa, Asia Pacific, China, Eastern Europe, 
Latin America, and the Middle East—and demand in developed 
regions will decline slightly (DisplaySearch, 2011). 

On the supply side, China was expected to continue to be 
the main global supplier of primary indium. Outside of China, 
Japan and the Republic of Korea have increased their recycling 
capabilities; however, there are no known plans to build 
additional primary refineries. The closure of Kidd Creek and La 
Oroya has removed nearly 20 t/yr of primary capacity. Several 
exploration projects at deposits containing recoverable amounts 
of indium are advancing, but it remains uncertain when many of 
these projects will come onstream. 
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TABLE 1 
U.S. IMPORTS FOR CONSUMPTION OF UNWROUGHT INDIUM METAL, 
BY COUNTRY! 
Е 2000 у 200 
Quantity | Vale | Quantity Value 
Country (kilograms) (thousands) (kilograms) (thousands) 

Belgium u 8,790 $2,860 12,300 $6,040 
Canada | 44,600 13,400 23,500 12,300 
China | 19,000 7,040 27,400 13,600 
Germany ae 57 19 344 164 
HongKong 5,910 2,050 6,540 3,350 
Japan 12,000 3,690 21,300 10,700 
Kazakhstan - E 164 83 
Korea, Republic of | 3,320 973 450 181 
qaos. “с 5 = 652 46 
Malaysia о 322 69 921 334 
Peu m 2,570 737 - - 
Russia с mM - б 3,390 1,870 
Switzerland 0 Е 594 26 209 123 
Taiwan КОМЫ 1,600 563 6,760 3,490 
Thailand Н > - 697 68 
United Kingdom | | 6500 3780 12,900 650 
“Fota |. 105,000 35200 117,000 58,700 
-- Zero. 


(Рака are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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TABLE 2 
Tri INDIUM: ESTIMATED WORLD REFINERY PRODUCTION, BY COUNTRY s 
(Metric tons) 

ы; Country 2006 2007 2008 2009 2010 
Belgium 30 30 30 30 30 
Brazil -- -- -- -- 5 
Canada 527 61 ' 57 °° 50° 67 
China 400 370 340 330 ' 340 
Germany” 10 10 10 10 10 
Ttaly 5 5 5 5 5 
Japan 55 60 65 67 70 
Kazakhstan (4) (4) (4) (4) (4) 
Korea, Republic of 60 70 75 70 120 
Netherlands 5 5 5 
Peru 5 6 г 2 
Russia 10 10 10 4 МА 
Ukraine" NA NA NA NA СОМА 

Total 608' — 61' 63' 5S8' 6» 


‘Revised. NA Not available. -- Zero. 

! World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
"Table includes data available through August 4, 2011. 

"Production of indium reinstated, because both PPM Pure Metals GmbH (PPM) and Norddeutsche Affinerie AG 
(NA) reported that they were producing indium in 2007. NA is reportedly using its own indium in designing 

new solar cell technologies, but no estimates of indium production were actually available. This data represents 
only estimated production by PPM at the company’s Langelsheim special metals plant. 

‘Less than % unit. 

"Information is not adequate to estimate production. 
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IRON AND STEEL 
By Michael D. Fenton 


Domestic survey data and tables were prepared by Hoa P. Phamdang, statistical assistant, and world production tables were 


prepared by Glenn J. Wallace, international data coordinator. 


The global recession of 2008—09 caused a retraction of global 
steel industries through 2009, followed by a weak and uneven 
recovery throughout 2010. U.S. capacity utilization for raw steel 
production, which had dipped to a low of 4196 in April 2009, 
rose steadily to a high of 7596 in June 2010, but declined slightly 
to 7396 at yearend. U.S. apparent steel consumption, which had 
decreased to a low of 63 million metric tons (Mt) in 2009, after 
a high of 120 Mt in 2006 and 102 Mt in 2008, rebounded to 80 
Mt in 2010. Apparent consumption in China, the world's largest 
producer and consumer of steel, was expected to increase by 
less than 7% in 2010 after a strong increase of 2596 in 2009. 

The U.S. automotive sector led the steel-consuming markets 
during the weak economic recovery. Prices per metric ton for 
hot-roll sheet steel reached a high of $822 in early 2010 after a 
low of $382 in mid-2009, but then decreased to $559 by yearend 
2010. Recent unprecedented rises of iron ore and metallurgical 
coal prices, along with the replacement of annual contracts by a 
3-month spot price for iron ore, adversely affected steelmaking 
companies and their customers. 

According to the World Steel Association (WSA) (201 1a), 
China was the top steel producer in the world during 2010 
(627 Mt), with its leading steelmaker, Baosteel Group 
Corp. (37 Mt), placing second behind the world’s leadin g 
steelmaker ArcelorMittal (98.2 Mt). India became the world’s 
fourth-leading steel producer (68.3 Mt), behind the United 
States (80.5 Mt), and ahead of the fifth-leading producer Russia 
(66.9 Mt). Japan ranked first in the world for total exports of 
steel, followed by the European Union (EU). China ranked first 
in the world for total imports of steel followed by the EU and 
then the Republic of Korea. 

The American Iron and Steel Institute (AISI) reported 
US. production of iron and steel and shipments of steel 
mill products. These data can be regarded as representing 
100% of the raw steel producers in the United States. World 
production of iron and steel was reported by the WSA and by 
foreign government agencies. Consistent with international 
usage and Federal Government policy, the U.S. Geological 


Survey reported all data on iron and steel in metric units unless 
otherwise noted. 


Environmental Issues 


"i а Power Act (APA), a so-called “сар and trade" 
n 52. n the U.S. Senate, was very similar to a bill that 
E 2 ler tri the U.S. House of Representatives (Power 
о қ 10). Under a cap-and-trade system, the Federal 
bcn а 2. require companies to hold permits in order 
ud enhouse gases. Companies would be allowed to trade 
Мапа = themselves. AISI and the National Association of 
i ets voiced concerns that ће bill’s provisions related 
ulacturing and energy do not go far enough to ensure the 
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continued competitiveness in the global marketplace (American 
Iron and Steel Institute, 2010). While the Senate deliberated, 
the U.S. Environmental Protection Agency (EPA) regulated 
greenhouse gas emissions under the Clean Air Act, issuing 

the Tailoring Rule on May 13, 2010. The AISI and Massey 
Energy Co., among others, took legal steps to oppose the EPA 
regulatory actions. А number of State regulators and other 
associations also opposed new Federal rules curbing industrial 
greenhouse-gas emissions (Hill, The, 2009). 

The U.S. steel industry has reduced its energy consumption 
per ton of steel shipped by 30% since 1990 (American Iron and 
Steel Institute, 2010). During the same period, greenhouse gas 
emissions were reduced by 35%. The U.S. steel industry had 
the lowest average carbon dioxide emissions per ton of steel 
produced in the global steel industry (American Iron and Steel 
Institute, 2010). Also, the American steel sector is recognized 
as having the steepest decline in total air emissions among 
nine manufacturing sectors studied in the EPA's 2008 Sector 
Performance Report (U.S. Environmental Protection Agency, 
2008. p. 5). 


Production 


Raw steel production in the United States was about 80.5 Mt 
in 2010, up about 36% from that in 2009 (table I). The AISI 
estimated raw steel production capability to be 114 Mt, up 
slightly from that in 2009. Production represented 70.4% of 
estimated capacity, up from 52.494 in 2009. 

Integrated steel producers smelted iron ores to make liquid 
iron in blast furnaces and used basic oxygen furnaces to refine 
the liquid iron with some steel scrap to produce raw liquid 
steel. The basic oxygen process was used to make 3 1.2 Mt of 
steel in the United States (American Iron and Steel Institute 
2011, p. 72). The use of this process increased to 38.794 of tot ] 
steel production in 2010 from 38.294 in 2009. Blast furnace У 
operations in the United States were operated by 5 companie 
15 locations in 2010 (Iron and Steel Technology, 2011a 268). 

Minimills and specialty mills аге nonintegrated steel e 
producers that use the electric arc furnace (EAF) to melt 
low-cost raw materials (usually scrap). They also emplo 
continuous casting machines and hot-rolling mills that 2. 
often closely coupled to casting operations. Specialty mill 
include producers of alloy-electrical, stainless, and 100] en 
high-temperature alloys; forged ingots; and other low-v à ее 
steel products. About 100 companies operated about 12 ps 
facilities in the United States during 2010 (Iron and St P 
Technology, 2011b, p. 126). These U.S. mills used th in 
steelmaking process to produce 49.3 Mt of steel, а 349 
from that in 2009, and accounted for 61 3% of total ee mr 


(American Iron and Steel Institute, 2011, p. 72-73) elmaking 


Enc 


Raw liquid steel is mostly cast into semifinished products in 
continuous casting machines. Only 2.696 of U.S. production 
was cast in ingot form in 2010, and subsequently rolled into 
semifinished forms, a slightly higher percentage than that of 
2009. Continuous casting production was 78.4 Mt, or 97.494 
of total steel production, 35.496 higher than in 2009 (American 
Iron and Steel Institute, 2011, p. 73). 


Consumption 


Steel mill products are produced at steel mills either by 
forging or rolling into forms normally delivered for fabrication 
or use, Some companies purchase semifinished steel mill 
products from other steel companies and use them to produce 
finished steel products. The accumulated shipments of all 
companies less the shipments to other reporting companies are 
identified as net shipments to avoid double counting. 

U.S. apparent steel consumption, an indicator of economic 
growth, increased to 80 Mt in 2010 from 63 Mt in 2009. Net 
shipments of steel mill products by U.S. companies increased by 
34% to 75.7 Mt compared with those of 2009 (American Iron 
and Steel Institute, 2011, p. 25). Compared with those in 2009, 
shipments of construction and contractors’ products, the leading 
single end-use market for steel, increased by 2196 in 2010; 
automotive product shipments increased by 32%; shipments 
of agricultural and industrial machinery, equipment, and tools 
increased by 4396; steel service center shipments increased by 
489^; lumbering, mining, oil and gas, and quarrying industries 
y 12696; and shipments of appliances and 


hipments increased b 
de and shipping material decreased by 1596 


containers, packaging, | 
(American Ітоп and Steel Institute, 2011, p. 29). 


Prices 
The U.S. Department of Labor, Bureau of Labor Statistics 
(2011), producer price index for steel mill products increased 
b 16% to 191.7 in 2010 from 165.2 in 2009 (1982 Базе=100) 
: price of hot-rolled steel sheet increased 


1). The average ) | 
ады $541 per short ton in January to a high of $684 
per short ton in April, before decreasing to a low of $539 


in November and then increasing to $670 per short ton in 
December (Purchasing Magazine, 2010). 


Foreign Trade 
by AISI reporting 
«ments of steel mill products by А 
pua ra to 11.0 Mt from 8.42 Mt in 2009 (table 1). 
compan ceived the largest amount of U.S. exported steel, | 
Canada jd re than that in 2009 (table 4). Mexico was again 
6.1 Mt, 43% mo 2.4 Mt, 3096 more than 


то importer, receiving | 
the -— правна imports of steel mill products increased 
that in 


i 9. Canada, China, the 
t from 14.7 Mt in 200 | | 
by ien Е : tent of Korea, and Mexico, Mi major 
EU, pee mill product imports 1n 2010 e 4). — И 
sources f semifinished steel (table 6) by steel companies a 
шок л si deration in evaluating apparent consumption 
taken 1 


: < in the United States and the share 
teel mill products 1n ; 
(supply) id : represented by imported steel. To фи — 
of the market orted semifinished steel and the products А 
counting — а the amount of semifinished steel consume 
produce , 
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by companies that also produced raw steel is subtracted from 
domestic consumption. Between 1993 and 2006, semifinished 
steel imports ranged between 2.5 million metric tons per year 
(Mt/yr) and 8.5 Mt/yr. Prior to 1993, the amount was less 
than 0.2 MU yr. Taking the imported semifinished steel into 
consideration, the share of the U.S. steel market represented by 
imported steel was an estimated 2696 in 2010 compared with 
25% in 2009. 

U.S. imports recovered from 2009 lows and the steel industry, 
among others, continued to seek protection from low-priced 
Chinese competition that was blamed for lost sales and jobs. 
U.S. companies and the U.S. Government filed import injury 
cases against China with the World Trade Organization and 
the U.S. International Trade Commission (USITC), accusing 
Chinese competitors of receiving government subsidies, thus 
allowing the sale of products in the United States at artificial 
and unfairly low prices. Also, Chinese consumption has not 
kept up with industrial overcapacity, thus resulting in excessive 
exporting to the United States of low-priced products. А 35% 
tariff on Chinese-made tires in 2009 was followed in late 2009 
by several USITC rulings in favor of domestic steelmakers, 
including duties of 1096 to 1696 against Chinese exporters of 
steel pipe used mostly for the oil and gas industries, duties of 
294 to 43896 applied to imports of steel wire decking, and duties 
of 45% to 289% on Chinese steel imports (Palmer, 20108, b, c). 

“Fabricated steel products” reported in tables 4, 5, and 6 
are those products produced from steel mill products but do 
not include products that incorporate steel products with other 
materials. Examples of fabricated steel products are structural 
steel and steel fasteners. “Other iron and steel products" refers 
to products that are not produced from steel mill products. 
Examples of other iron and steel products include iron or steel 
castings and direct reduced iron (DRI). 


World Review 


World production of pig iron totaled about 1.03 billion metric 
tons (Gt), about 12% more than that in 2009 (table 9). Pig iron 
production of the EU was about 95 Mt, 24% more than that n 
2009. Germany was the leading producer in the EU, producing 
about 29 Mt, 42% more than that in 2009. China continued {0 
be the leading producer of pig iron in the world, producing more 
than 590 Mt, 7% more than that of 2009, followed by Japan 
(82 Mt), Russia (49 Mt), India (39 Mt), the Republic of Korea 
(31 Mt), Germany (29 Mt), Ukraine (28 Mt), the United States 
(27 Mt), and Brazil (25 Mt). Russia and Ukraine were the only 
major pig iron producers in the Commonwealth of Independent 
States (CIS). In North America, the only major producer of pig 
iron was the United States, where in 2010 production increased 
by 41% from that in 2009. In South America, the only major plg 
iron producer was Brazil. 

World capacity for DRI production in 2 
to be about 82 Mt/yr (Midrex Technologies, Inc 
production worldwide reached a record of 68.7 
4.6% more than that in 2009 (table 9). The lead 
DRI was India, followed by, in descending order 
Iran, Venezuela, and Mexico. In 2010, additional 
of almost 20 Mt/yr was under construction in Chin 
India, Iran, Oman, Pakistan, the United Arab Emirates, ап 
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010 was estimated 
.. 2011). DRI 


Mt in 2010, 
ing producer 0 
of tonnage, 
DRI capacity 


a, Egypt, | 
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Venezuela. The leading technology was the Midrex process, 
followed by the HYL I and the HYL III processes. 

World production of raw steel was 1.41 Gt, 1596 more than 
the revised production in 2009 (table 10). Steel production 


` increased during 2010 in North America (33%), the EU and 


South America (2096 each), and the CIS (12%). Positive 

growth also took place in India (1896) and China (1096). China 
produced 4496 of world total crude steel in 2010. As in previous 
years, production varied widely among major regions of the 
world. Asian countries produced about 56% of the world's steel; 
the EU, 1496; North America, 896; and the CIS, 8%. 

During 2010, China was again the world's leading steel 
producer, almost 627 Mt, a gain of 10% compared with that of 
2009. [п descending order of production, the leading producers 
behind China were Japan, the United States, India, Russia, the 
Republic of Korea, and Germany. These six countries accounted 
for 73% of world production. The combined steel production of 
the seven steel-producing countries in the CIS was about 
108 Mt, an increase of 12% from that in 2009. Russia and 
Ukraine remained the leading producers in the CIS. U.S. steel 
production during 2010 was greater than 80 Mt, an increase of 
36% from that in 2009. 

SteelOrbis (2011) reported that world steel capacity utilization 
rate at yearend 2010 was about 749^, after a low of about 5794 
in December 2008 and a high of 83% in April 2010. China, the 
leading steel-consuming and steel-producing country in the 
world, had a capacity utilization rate of 89% in 2010, compared 
with 83% in 2008 (Ernst & Young, 2010). 


Outlook 


The expansion or contraction of gross domestic product 
(СОР), the broadest measure of a nation's economic activity, 
may be considered a predictor of the health of the steelmaking 
and stee] manufacturing industries, worldwide and domestically. 
The World Bank's forecast of global GDP growth for 2010, 
2011, 2012, and 2013 was 3.8%, 3.2%, 3.6%, and 3.6%, 
respectively (World Bank, The, 201 1). The International 
Monetary Fund's forecast of world GDP growth for 2010, 2011, 
and 2012 was 5.1%, 4.3%, and 4.5%, respectively (International 
Monetary Fund, 2011). The U.S. Federal Reserve's forecast for 
the U.S. 2011 GDP growth rate was between 3.496 and 3.9%, 
and between 3.5% and 4.4% for 2012 (Board of Governors of 
the Federal Reserve System, 2011). The 2010 GDP growth for 
China was 10.3% and was projected to be 9.3% and 8.7% in 
2011 and 2012, respectively, and that of India was 8.8%, 8.0%, 
and 8.4% for those years, respectively (World Bank, The, 2011 ). 
МЕР$ (International) Ltd. forecast total world steel 
Production in 2011 to be 1.568 Gt, up 1196 from that in 2010, 
e 1.625 Gt for 2014 [MEPS (International) Ltd., 201 11. 
2. also forecast increasing steel production in 2011 in South 
Ре е Middle East, China, the CIS, and the EU of 17%, 
К | %, 5%, and 4%, respectively. For China, МЕР$ forecast 
n | |“ ш steel production by 2014 compared with that 
Mies ioi of the U.S. financial downturn into a global 
is c a brought about a global decline of steel 
an In tate 2008 and through 2010. Improvement in 2011 
epend on the effects of Government stimulation packages, 
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stabilization of financial systems, and a return of consumer 


confidence. 
World apparent steel consumption (ASC) was expected 


to increase by 696 to 1.359 Gt during 2011, after increasing 

by 13% in 2010, and then increase by 6% in 2012, to reach 

a historic high of 1.44 Gt (World Steel Association, 2011b). 
China's ASC was expected to increase by 596 to 605 Mt in 2011, 
and then by 596 in 2012 to 635 Mt. ASC in India was expected 
to increase by 13% in 2011 to about 69 Mt and 14% in 2012. 
The U.S. ASC was expected to increase by 13% to 90 Mt in 
2011. The EU's ASC was expected to increase by 5% to 152 Mt 
in 2011 and increase by 4% in 2012. In Japan, the 2011 ASC 
was expected to decrease by 1.296 to 63 Mt, and remain at this 
level during 2012. The ASC of the CIS was expected to increase 
by nearly 8% to 52 Mt in 2011 and then by 9% in 2012. 
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TABLE 1 
SALIENT IRON AND STEEL STATISTICS! 


(Thousand metric tons unless otherwise noted) 


2006 2007 2008 2009 
United States: 
Pig iron: 
Production? 37,900 36,300 33,700 19,000 
Exports? 813 71 51 10: 
Imports for consumption? 6,730 5,220 4,980 2,420 
Direct-reduced iron: 
Production" 240 250 260 -- 
Exports? (5) (5) (5) (5) 
Imports for consumption? 2,610 2,330 2,340 1,020 
Raw steel production: 
Carbon steel 89,500 89,800 84,100 55,200 ' 
Stainless steel 2,460 2,170 1,930 1,620 
All other alloy steel 6,190 6,140 5,810 2,620 
Total 98,200 98,100 91,900 ! 59,400 
Capability utilization, percent 87.5 87.0 81.4 52.4! 
Steel mill products: mM 
Net shipments? 99,300 96,500 89,400 56,400 
Exports” 8,830 10,100 12,200 8,420 
Imports? 41,100 30,200 29,000 14,700 
Producer price index (1982=100.0)’ 174.1 182.9 220.6 165.2 
World production: 
Pig iron 881,000 956,000‘ 931,000 920,000 ' 
Direct-reduced iron“ 58,700 ' 64,100 " 66,700" 65,700" 


Raw steel 1,250,000 1,350,000 1,330,000 1,240,000 1,420,000 
г : Я 


Revised. -- Zero. 


"Data are rounded to no more than three significant digits, except producers price index; may not add 


to totals shown. 
?Data are from the American Iron and Steel Institute (AISI). 
"Data are from the U.S. Census Bureau. 
"Data are from Midrex Technologies, Inc., government, and companies. 
"Less than % unit. 
"Raw steel is defined by AISI as steel in the first solid state after melting, suitable for rolling. 
"Data are from the U.S. Department of Labor, Bureau of Labor Statistics. 
"Data are from the U.S. Geological Survey and the World Steel Association. 


2010 


26,800 
2,220 
3,780 


(5) 
1,640 


73,600 
2,200 
4,680 

80,500 

70.4 


75,700 
11,000 
21,700 

191.7 


1,030,000 
68,700 
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TABLE 2 
MATERIALS CONSUMED IN BLAST FURNACES AND 


PIG IRON PRODUCED! 


(Thousand metric tons) 


Material 2009 2010 

Iron oxides 
Ores == ES 
Pellets 26,200 36,000 
Sinter? 3,720 5,090 
Total 29,900 41,100 
Scrap“ 1,460 1,090 
Coke? 7,650 8,430 
Pig iron, produced 19,000 26,800 

-- Zero. 


ава are rounded to no more than three significant digits; may not add 
to totals shown. 

? Arnerican [ron and Steel Institute. 

3Includes sintered ore and pellet fines, dust, mill scale, and other revert 
iron-bearing materials; also some nodules. | 

*Mainly briquetted turnings and borings, shredded scrap, etc.; 

scrap produced at blast furnaces and remelt not included. 
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TABLE 3 | 
DISTRIBUTION ОЕ SHIPMENTS OF STEEL MILL PRODUCTS, BY STEEL TYPE, PRODUCT, 
AND MARKET! 
Quantity 
(thousand metric tons) © Percentage ____ 
2009 2010 2009 2010 
Shipments by steel type: | 
Carbon steel 53,100 ' 71,000 94.08 ' 93.76 
— АШоузіёе 0 2,140 3,210 3.79 4.25 
Stainless steel 1,200 1,510 2.13 1.99 
Тош! __ 5640 75700 ^ 10000 1000 
Steel mill products: 
Ingots, blooms, billets and slabs 801 927 1.42 1.22 
Wire rods 1,490 1,710 2.65 ' 2.25 
Structural shapes, heavy 3,380 3,880. 6.00 ' 5.13 
Steel piling 382 819 0.68 1.08 
Plates, cut lengths 4,100 5,660 7.28 " 7.47 
Plates, in coils Е 2,120" 3,030 3.75" 4.01 
Rails 712 713 1.26 0.94 
Railroad accessories 190 190 0.34 0.25 
Bars, hot-rolled 3,100 4,080 5.50 5.39 
Bars, light-shaped 1,090 1,760 | 1.93 2.33 
Bars, reinforcing 4,620 ' 5,740 8.18 F 7.58 
Bars, cold finished 827 1,180 1.47 1.55 
Tool steel 7 8 0.01 0.01 
Pipe and tubing, standard pipe 535 626 0.95 0.83 
Pipe and tubing, oil country goods 945 1,960 1.68 2.59 
Pipe and tubing, line pipe 169 302 0.30 0.40 
Pipe and tubing, mechanical tubing 387 521 0.69 0.69 
Pipe and tubing, pressure tubing 22 39 0.04 0.05 
Pipe and tubing, stainless 9 10 0.02 0.01 
Pipe and tubing, structural 62 61 0.11 0.08 
Wire 288 272 0.51 0.36 
Tin mill products, blackplate 62 100 0.11 0.13 
Tin mill products, tinplate 1,580 1,840 2.81" 2.44 
Tin mill products, tin-free steel 453 474 0.80 0.63 
Tin mill products, tin coated sheets 66 84 0.12 0.11 
Sheets, hot-rolled 12,200 ' 16,600 21.55! 21.88 
Sheets, cold-rolled 6,780 9,070 12.02 11.98 
Sheets and strip, hot dip galvanized 7,350 10,700 13.04 ' 14.10 
Sheets and strip, electrogalvanized 1,020 1,510 1.8] 2.00 
Sheets and strip, other metallic coated 654 965 1.16 1.27 
Sheets and strip, electrical 326 306 0.58 0.40 
. Strip, hot rolled 28 37 0.05 0.05 
Strip, cold rolled 693 584 [.23 0.77 
Total 56,400 75,700 100.00 100.00 
Shipments by markets: С 
Service centers and distributors 13,800 20,400 24.43 ' 26.96 
Construction | 13,500 16,300 23.87 ' 21.53 
Automotive 7,300 9,620 12.94 12.71 
Machinery 542 ' 795 0.96! 1.05 
Containers 2,040 2,390 3.61" 3.15 
All others 19,300 ' 26,200 34.20 ' `34.60 


——— ÀÁ——— 


2O OR „3420 9400 
Total 56,400 75,700 100.00 100.00 
Revised инь 


| NC = 
Data are rounded to no more than three significant digits, except percentages; may not add to totals 
shown. 


Source: American Iron and Steel Institute. 
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TABLE 4 
U.S. IMPORTS AND EXPORTS OF STEEL MILL PRODUCTS, 


BY COUNTRY! 


(Thousand metric tons) 


2009 2010 

Country Imports Exports Imports Exports 
Argentina 75 74 128 15 
Australia 258 15 -- 28 
Brazil 654 135 903 143 
Canada 3,880 4,270 6,030 6,100 
China 1,330 194 781 116 
European Union? 1,760 278 2,570 342 
Germany 450 43 1,090 73 
Japan 1,110 13 1,350 16 
Korea, Republic of 1,200 55 1,850 72 
Mexico 1,590 1,840 2,560 2,390 
Russia 492 -- 1,250 -- 
South Africa 30 9 117 2 
Sweden 150 61 253 14 
Taiwan — 0 336 92 486 88 
Turkey  › 446 = 528 -- 
ОКгаше 46 -- 118 -- 
Venezuela 69 66 -- 62 
Other 840" 1,280 1,710 1,540 


—— a Жылы a 06990. 
Total 14,700 8,420 21,700 11,000 
ое 25700 11,000 


'Revised. -- Zero. 


'Data are rounded to no more than three significant digits; may not add 
to totals shown. | 


"Excludes Germany and Sweden. 


Source: American Iron and Steel Institute. 
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TABLE 5 
U.S. EXPORTS OF IRON AND STEEL PRODUCTS! 


(Thousand metric tons) 


MN ee 
Steel mill products: aaee 
Ingots, blooms, billets, slabs 589 609 
Wire rods 144 170 
Structural shapes, heavy 516 760 
Steel piling 30 31 
Plates, cut lengths 814 1,070 
Plates, in coils 704 979 
Rails, standard 88 84 
Rails, other 29 23 
Railroad accessories 14 27 
Bars, hot-rolled 390 563 
Bars, light-shaped 92 235 
Bars, concrete reinforcing 390 520 
Bars, cold-finished 109 . 147 
Tool steel 13 29 
Pipe and tubing, standard pipe 74 95 
Pipe and tubing, oil country goods 273 366 
Pipe and tubing, line pipe 198 | 186 
Pipe and tubing, mechanical tubing 37 38 
Pipe and tubing, stainless 29 33 
Pipe and tubing, nonclassified 309 370 
Pipe and tubing, structural 181 221 
Pipe for piling 25 20 
Wire 143 193 
Tin mill products, blackplate 3 3 
Tin mill products, tinplate 220 208 
Tin mill products, tin-free steel 13 21 
Sheets, hot-rolled 717 876 
Sheets, cold-rolled 582 832 
Sheets and strip, hot-dip galvanized 726 960 
Sheets and strip, electrogalvanized 290 393 
Sheets and strip, other metallic coated 174 240 
Sheets and strip, electrical 205 213 
Strip, hot-rolled 157 194 
Strip, cold-rolled 144 2% 
Total 8,420 11,000 
Fabricated steel products: 
Structural shapes, fabricated 319 384 
Rails, used 34 16 
Railroad products 4l 64 
Wire rope 18 19 
Wire, stranded products 3l 30 
Wire, other products 85 122 
Springs 100 142 
Nails and staples 27 30 
Fasteners 678 911 
Chains and parts 28 37 
Grinding balls 83 114 
Pipe and tube fittings 27 38 
Other? 84 104 
Total 1,560 2,010 
Grand total 9,980 " 13,000 
See footnotes at end of table. 
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TABLE 5— Continued 
U.S. EXPORTS OF IRON AND STEEL PRODUCTS! 


(Thousand metric tons) 


2009 2010 
Cast iron and steel products: 
= ыс ыызы сањо ee 


Cast steel pipe fittings 27 38 
Cast iron pipe and fittings 101 115 
Cast steel rolls 2 1 
Cast grinding balls 27 34 
Granules, shot and grit 26 3l 
Other castings 55 68 
etahi kanao 551. Без малы а 997 


Total 238 287 
'Revised. 
‘Data are rounded to no more than three significant digits; may not add to totals 


shown. 


"Includes shapes cold formed, sashes and frames, fence and sign post, architectural 
and ornamental work, and conduit. 


Source: American Iron and Steel Institute. 


37.10 


0 
U.S. GEOLOGICAL SURVEY MINERALS YEARB 


и» 


EE EEE sO 000000000 


TABLE 6 
U.S. IMPORTS OF MAJOR IRON AND STEEL PRODUCTS! 
(Thousand metric tons) 


ЫмМ— ОБЕ 


2 
2009 2010 
Steelmill products: a 


Ingots, blooms, billets, and slabs 1,850 4,600 
Wire rods 692 1,200 
Structural shapes-heavy 337 474 
Steel piling 49 77 
Plates, cut lengths 481 680 
Plates, in coils 645 928 
Rails and railroad accessories 259 260 
Bars, hot-rolled 612 952 
Bars, light-shaped 78 99 
Bars, reinforcing 380 469 
Bars, cold-finished 169 243 
Tool steel 52 122 
Pipe and tubing, standard pipe 538 705 
Pipe and tubing, oil country goods 1,450 2,160 
Pipe and tubing, line pipe 1,450 1,350 
Pipe and tubing, mechanical tubing 302 386 
Pipe and tubing, pressure tubing 57 78 
Pipe and tubing, stainless 81 100 
Pipe and tubing, nonclassified 13 22 
Pipe and tubing, structural 23] 282 
Pipe for piling 14 14 
Wire 441 573 
Tin mill products-blackplate 38 3l 
Tin mill products-tinplate 293 459 
Tin mill products-tin-free steel 78 134 
Sheets, hot-rolled 1,580 2,180 
Sheets, cold-rolled Е 1,030 1,110 
Sheets and strip, hot-dip galvanized 937 1,290 
Sheets and strip, electrogalvanized 85 91 
Sheets and strip, other metallic coated 270 375 
Sheets and strip, electrical 60 86 
Strip, hot-rolled 4l 40 
Strip, cold-rolled 112 144 
Total _______ 14700 _______ 21700 
Fabricated steel products: 
Structural shapes, fabricated u 965 772 
Rails, used у 57 53 
Railroad products 97 125 
Wire rope mE 113 140 
Wire-stranded products 158 202 
Springs 214 280 
Nails and staples a 388 492 
Fasteners 779 957 
Chains and parts 98 116 
Pipe and tube fittings 203 265 
Other 456 709 
Total 0000 3,500 _______ 4,10 
Grand total 18,200 25,800 
See footnotes at end of table. 
RON AND STEEL— 9919 37,11 
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TABLE 6—Continued 
U.S. IMPORTS OF MAJOR IRON AND STEEL PRODUCTS! 


(Thousand metric tons) 


Cast iron and steel products: 


Cast steel pipe fittings 203 265 
Cast iron pipe and fittings 35 25 
Other products 226 315 

Total 464 605 


Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: American Iron and Steel Institute. 


TABLE 7 
U.S. IMPORTS OF STAINLESS STEEL! 


(Metric tons) 


Product 2009 2010 
Semifinished 70,200 © 101,000 
Plate 46,800 88,600 
Sheet and strip 200,000 ' 353,000 
Bars and shapes 76,200 ' 110,000 
Wire and wire rods 40,700 60,300 
Pipe and tube — 81,300 99,700 

Total 222 515,000! 813,000 
"Revised. 


"Раја are rounded to no more than three significant digits; 
may not add to totals shown. 


Source: American Iron and Steel Institute. 


TABLE 8 
COAL AND COKE AT COKE PLANTS"? 


(Thousand metric tons) 


| 2009 2010 
Coal, consumption | | _ 13,900 — 19,100 
Соке? : 
_ Production ^ —  ——— 


roduction 10,100 13,600 
Exports 1.190 1.330 
о 1330 


4 |... 315 1,100 
Consumption, apparent 9360 . 13500 


| 
Lain аге rounded to no more than three sig 

Includes furnace and merchant coke plants 
Coke production and consumption do not i 


nificant digits. 


3 
nclude breeze. 


Source: Energy Information Admini i 
ministration, Quarterly Coal Re ort, 
DOE/EIA-0] 21(20] 0/04Q). у à 
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TABLE 9 
PIG IRON AND DIRECT-REDUCED IRON: WORLD PRODUCTION, BY COUNTRY + 3,4 


(Thousand metric tons) 


Country? 2006 2007 2008 2009 2010 
Algeria 1,093 1,193 690 * 493 ' 600 
ior NP et 


See footnotes at end of table. 
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Argentina: 

Pig iron 2,481 2,593 1,847 807 1,570 

Direct-reduced iron 1,947 1,810 2,581 2,042 2,000 
Australia 6,276 6,351 6,409 4,370 ' 6,000 
Austria 5,547 5,808 5,815! 4,353 ' 5,621 
Belgium 7,516 6,576 7,125 3,087 4,725 
Bosnia and Herzegovina 60 60 * 243 482" 621 
Brazil: 

Pig iron 32,452 35,571 34,871 : 25,135 ' 25,200 

Direct-reduced iron* 376 362 302 305 305 
Bugara 2-7 1,147 1,069 441 » Є 
Burma:* 
ини 2 2 2 2 2 

Direct-reduced iron 40 40 40 40 40 
Canada: 

Pig iron* 8,305 8,577 6 9,000 5,000 6,000 

Direct-reduced iron 446 910 690 * 300 * 800 
Chile 1,115 1,147 1,150 € 923" 605 
China’ 412,450 476,520 470,670 552,830" 590,220 
Colombia 360 341 300 342 ' 370 
Czech Republic 5,191 5,289 4,737 3,483 3,987 
Egypt: 

Pig iron 1,100 1,000 1,000 3,900 ' 3,600 

Direct-reduced iron? 3,100 2,786 $ 2,600 ' 3,100 ' 3,000 
Finland 3,056 2,914 2,943 ' 2,042 ' 2,100 
Наке 9-5-- 13,013 12,426 11,372 8,105 10,137 
етапу 
аю) ^ — ——— — 30,360 31,149 29,111 20,104 ' 28,560 

Direct-reduced iron* 580 590 520 380 450 
Hungary 1,335 1,394 1,289 1,050 1,326 

Pig iron 28,300 28,800 29,000 * 34,000 ' 38,685 

Direct-reduced iron 14,740 18,100 20,200 * 21,000 20,650 
Indonesia, direct-reduced iron? 1,290 1,420 1,290 1,300 1,350 
Iran? 
ақа — 2.041 2,572 "% 2,200 2,300 ' 2,300 

Direct-reduced iron 6,850 7,440 7,500 ' 8,000 9,000 
СИЕ 11,497 11,110 10,373 5,719 8,549 
Japan 84,270 86,771 86,171 66,943 ' 82,283 
Kazakhstan. ~~ 3,369 3,795" 3,1067 2,9977" 2984 
Korea, North* 900 900 900 900 900 
Korea, Republic of 27,559 29,437 31,043 27,405 ' 31,228 
Libya, direct-reduced iron 1,633 1,660 1,569 1,097 1,300 
Malaysia, direct-reduced iron 1,277 1,840 1,957 2,388 ' 2,400 
Mexico: 

Pig iron 3,800 4,077 4,670 3,029 4,720 

Direct-reduced iron 6,167 6,265 5,940 4,203 5,455 
Morocco* 15 15 15 15 15 
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| TABLE 9—Continued 
PIG IRON AND DIRECT-REDUCED IRON: WORLD PRODUCTION, BY COUNTRY" 234 


(Thousand metric tons) 


Country” 2006 2007 2008 2009 2010 

Netherlands? 5.417 6,412 6,130 4,655 5.799 
New Zealand" 664 679 622 608 667 
Nigeria 150 200 = xt 2 
Norway 100 100 100 100 100 
Pakistan‘ 1,200 1,000 1,000 1,000 1,000 
Paraguay 136 148 145 146 146 * 
Peru: 

Direct-reduced iron 84 90 72 75 75 
Poland / 7 5,333 | 5,804 4,934 2,984! 3,625 
Роща 100 100 100 100 100 
Qatar, ігесігейиседіоп |0 880 1,200 1,700 * 2,100 2,200 
Russia: 

Pig iron 51,683 51,523 48,300 43,930 48,600 * 
ЕТЕЛІГІІГІ —7——— 3,280 ' 3,410 ' 4,560 ' 4,670 ' 4,700 « 
Saudi Arabia, direct-reduced iron 3,580 4,340 4,970 5,000 * 5,000 * 
СООО 1,529 1,485 1,582 1006 1265 
заи и 4,145 4,012 3,529 3,019 3,649 
South Africa: 

Ев СЕ 6,159 5.358 5,350 4,376 8,220 
__Direct-reduced iron | 1,754 1,736 1,190 1,340 ' 1,845 
К PNE 3,432 3,974 3,995 4,000 * 4,000 * 
Sweden 3,577 3,815 3,800 * 3,700 3,800 * 
Taiwan 10,500 10,550 9,750 7,939 9,358 
Trinidad and Tobago, direct-reduced iron | 2,072 2,065 1,600 1,182 1,000 * 
Do CRM 5.952 6 6.234 6 6,600 7,000 8,000 
емсе ІГ 32,926 35,647 30,982 25,676 28,375 
ааыа 10,736 10,960 10,137 7,674 7,235 
United States: 

.. Pig iron 37,900 36,300 33,700 19,000 26,800 

Direct-reduced iron 240 250 260 = т 
Venezuela, direct-reduced iron | 8.400 7,782 7.140 7,150 7,150 * 
Zimbabwe* 38 » Е е Ы; 

Grand total . 939,000 1,020,000 99700 9850007 1090900 | 

Of which: 
Pig iron’ 881,000 956,000" 931,000 920,000" 1,030,000 
Direct-reduced iron! | 58,700 " 64,100" 66,700 қ 65,700 " 68,700 


. “Estimated, "Preliminary. ‘Revised. -- Zero. 


| wn 
World totals, U.S. data, and esti 
Е. ; stimated data are rounded to no more than three significant digits; may not add to totals shown. 
roduction is pig iron unless otherwise specified. 


с Аи 
Direct- iron i i А 
rect-reduced iron is obtained from ore by reduction of oxides to metal without melting. 


“ТаЫе excludes ferroalloy production except where ot 
"In addition to the countries listed, Vietnam has facilit 
2006-10, but output is not reported and availab 
^Reported figure. 

"Figures reported by State Statistical Bureau t 
‘Includes blast furnace ferroalloys. 


herwise noted. Table includes data available through September 8, 2011. 


les to produce pig iron and may have produced limited quantities during 
le information is inadequate to make reliable estimates of output levels. 


hat the Government of China considers to be official statistical data. 


9 “ . . 
Includes unspecified pig iron and direct-reduced iron 
10, . | 
Listed separately. 
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ее I ————————— ÉL 

Country" 2006 2007 2008 2009 2010 
А-а, ое ое и а LL ELM MM 
Albania 206 263 380 440 


Algeria 
Argentina 
Australia 
Austria 
Azerbaijan 
Bangladesh"? 
Belarus 


Belgium 

Bosnia and Herzegovina, ingot production 
Brazil’ 

Bulgaria 

Burma‘ 

Canada 


— ы 


Chile' 
шав 


China? 
Colombia 
Croatia 


Dur icio M MED PORE 
Cuba 


Czech Republic 
Ecuador 


Egypt 
El Salvador 


Ethiopia, all from scrap* 


Finland 

m ——— EE 
France 

mco ———m—— 
Germany 


Ghana, all from scrap' 
Greece 
Guatemala 


lcu P-—-—— "— 
Hong Kong | 


Hungary 
uro CIR 


India 


Indonesia 

suo ER 
Iran‘ 

c TRECE RR 
Israel‘ 


a REED 
Italy 


Jaan -——— — 
Jordan* 

Kazakhstan 

Korea, North? 

Korea, Republic of 

Latvia‘ 
Libya 
Luxembourg 
Macedonia | 


Malaysia 
Mauritania 


ТІ -- ее cce шш шшщ 
Mexico 16,313 17,573 17,209 
- 1613 175573. — 17200 O 1:2 ты c 


See footnotes at end of table. 
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(Thousand metric tons) 


1,158 
5,533 
7,937 
7,129 
54 

10 
2,100 
11,238 
490 
30,901 
2,124 
25 
15,493 
1,627 
419,150 
1,221 
81 

257 
6,862 
85 
6,045 
72 

60 
5,052 
19,857 
47,224 
25 
2,416 
292 
550 
2,144 
49,450 
3,759 
9,789 
480 
31,550 
116,266 
150 
4,245 
1,180 
48,455 
550 
1,151 
2,802 
360 
5,834 

| 


1,278 
5,387 
8,047 
7,578 

273 
2,214 
10,692 
533 
33,782 
1,909 
25 
15,569 
1,679 

489,290 

1,245 

76 
262 
7,059 
87 
6,224 
73 

110 
4,431 
19,252 
48,550 
25 
2,554 
349 
550 
2,317 
53,468 
4,160 
10,051 
480 
31,990 
120,203 
150 
4,784 
1,230 
51,517 
550 
1,151 
2,858 
372 
6,895 
| 


© 


646 
5,44] 
7,724 
7,594 

300 * 
2,660 

10,676 

608 

33,726 ' 
1,330 
25 
15,130 
1,523 
500,490 
1,053 

122" 

274 
6,387 

128" 
6,198 

717 

150 

4,418 
17,874 
45,833 

2,400 * 

250 

550 
2,160 

57,791 ' 
3,915 
9,960 

480 

30,477 

118,739 

150 
4,244 
1,279 6 

53,322 

550 
1,137 
2,582 

252 
6,423 

2 


25 
9,000 
1,308 

572,180 
1,079 
52 

274 
4,594 
259 
5,508 
56 

150 


550 
1,425 
63,527 
3,500 
10,000 
380 
19,737 
87,500 
150 
4,147 
1,300 
48,752 
550 
914 
2,215 
276 
5,787 
2 
14,172 


= 


- 
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25 
12,000 
992 
626,650 
1,209 
110 
265 
5,180 
368 
6,700 
51 

150 
3,100 
15,416 
43,830 
2,100 
272 
500 
1,678 
68,321 
3,700 
12,000 


430 * 


25,751 
109,600 
150 
4,256 
1,300 


49,000 * 


550 
1,100 
2,563 

291 


6,100 * 
2 е 


17,041 
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Country" 2007 2008 
Moldova 675 995 885 425 240 * 
аз ———— PN 


Montenegro 
аала ARRIERE pe a 


Могоссо 
Netherlands 
New Zealand 


= E ЗЕ 
Norway 

Du Cu MEME LC CIR 
Pakistan 


Paraguay 
Peru 
Philippines 


Poland 
Өш --------- 
Котапіа 


CERE 


Russia 


Saudi Arabia* 

Serbia 

Singapore* 

Slovakia 

Slovenia 

South Africa ~~~ 
Si EE 
Sila! oo 
Swed aa 
Switzerland 


Syria‘ 
Taiwan 
Thailand — 


ailand 


Trinidad and Tobago 
Tunisia 

Turkey 

Uganda“ 

Ukraine 

United Arab Emirates? 
United Kingdom 
United States 
Uruguay 

Uzbekistan 

Venezuela 

Vietnam mE 


Pu 
Zimbabwe‘ 
ECCO mL НИИ 


Total 


“Estimated. "Revised. -- Zero. 
! World totals, U.S. data, and estimated 


*Steel formed in solid State after meltin 
“liquid steel,” 


Table include 


"In addition to the countries list 
make reliable estimates of ошр 


2, suitab 
presumably measured in the molt 


ed, Mozambiqu 
ut levels. 
"Data for year ending June 30 of that stated. 


TABLE I0—Continued 


(Thousand metric tons) 


data are rounded to no more than thre 


2006 2000 — 2010 
163 174 202 90 ' 95 * 
314 314 478 480 * 480 * 

6,372 7,368 6,853 5,194 6,651 
862 845 853 765 ' 850 * 
679 680 590 591 6 600 
933 ' 1,090 1,100 1,100 * 1,100 * 
118 132 130 130 * 130 * 
896 $ 8816 1,150 1,200 1,200 
558 718 711 700 * 700 * 

9,992 10,621 9,727 7,129 ' 8,008 

1,400 1,400 1,400 1,400 1,400 

1,003 1,147 1,406 1,400 ' 2,000 

6,266 6,261 5,035 2,761 € 3,896 

70,816 72,389 68,700 59.166 66,700 * 

3,974 6 4,644 6 4,670 4,700 5,000 

1,837 1,478 1,662 1,061 ' 1,254 
607 620 600 620 650 

5,094 5,100 4,489 3,747 4,588 
627 638 642 430 ' 606 

9,718 9,098 8,269 7,484 8,480 

18,391 18,999 19,048 19,100 * 19,100 * 

30 30 30 30 30 
5,435 6 5,673 6 5,500 5,000 5,000 
1,252 1,264 1,260 981 1,000 
70 70 70 6 70 70 

19,203 20,883 19,222 15,566 20,498 

4,914 ' 5,565! 5211" 3,645 ' 4,000 * 
674 682 489" 417° 572 

68 61 82 155 180 

23,308 25,750 26,809 € 25,000 * 30,000 * 
30 30 30 25 28 

40,899 42,830 37,107 29,757 33,559 
70 90 90 90 90 

13,931 14,300 13,538 10,080 9,709 

98,200 98,100 91,900 59,400 80,500 
57 71 70 70 * 70 * 
730 * 740 * 686 716 745* 

4,864 5,005 4,240 5,000 * 5,000 

1,869 2,024 2,250 2,700 ' 2,700 
24 $ 23 6 10 10 Ж 

1,250,000 1,350,000 1,330,000 1,240,0007 1,420,000 


е significant digits; тау not add to totals shown. 
le for further processing or sa 


еп State prior to cooling in an 
$ data available through September 8, 2011. 


mM А as 
le; for some countries, includes material reported 
y Specific form. 


€ is known to have steelmaking plants, but available information is inadequate to 
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SReported figure. 


"Excludes castings. 
Figures reported by the State Statistical Bureau that the Government of China considers as official statistical data. 


"ON AND STEEL—2010 37.17 


E 


um ———————— À——Se e 9 7 


IRON AND STEEL SCRAP 
By Michael D. Fenton 


Domestic survey data and tables were prepared by Hoa Р. Phamdang, statistical assistant. 


Steel scrap recycling conserves energy, landfill space, and 
raw materials. In 2010, the domestic steel industry recycled or 
exported for recycling nearly 69 million metric tons (Mt) of 
appliances, automobiles, cans, construction materials, and other 
steel products (G.L. Crawford, Steel Recycling Institute, unpub. 
data, January 11, 2011). This resulted in an overall recycling 
rate of about 88%. The remelting of scrap requires much less 
energy than does the production of iron and steel products from 
iron ore. Each year, steel recycling saves the energy equivalent 
ofthe electrical power needed for 1 year by approximately 
one-fifth of the houses in the United States (about 18 million 
houses). Consumption of iron and steel scrap by remelting 
reduces the burden on landfill disposal facilities and prevents the 
accumulation of abandoned steel products in the environment. 
Iron and steel scrap is a vital raw material for the production 
of new steel and cast-iron products. The steelmaking and 
foundry industries in the United States are highly dependent 
upon the ready availability of scrap from manufacturing 
operations and from the recovery of products that are no longer 
used or needed. The steel industry has been recycling steel scrap 
for more than 170 years, using electric arc furnaces (EAF), 
which accounted for about 6196 of the total raw steel produced 
in 2010. Consistent with international usage and Federal 
Government policy, the U.S. Geological Survey (USGS) reports 
all data on iron and steel in metric units, unless otherwise noted. 
In the United States, the primary source of obsolete steel is the 
automobile. By weight, the typical car consists of about 65% iron 
and steel. The steel used in the outside shell of car bodies is made 
of about 29% recycled steel (G.L. Crawford, Steel Recycling 
Institute, unpub. data, January 11, 2011). The steel industry 
recovered and recycled almost 14 Mt of iron and steel from about 
10.8 million end-of-life vehicles in 2010, processed through more 
than 300 car shredders. The recycling rate for automotive scrap 
was 113% in 2010. A recycling rate greater than 100% is a result 
of the Steel industry recycling more steel from automobiles than 
Was used in the production of new vehicles. About 8,300 vehicle 
dismantlers in North America resold parts. 
је annual average recycling rate of obsolete appliance scrap 
Шы at a high of about 90% in 2010, the same as that of 
c уы Crawford, Steel Recycling Institute, unpub. data, 
кы кн 2011). During 2010, almost 2.7 Mt of steel was 
Ж e om recycled appliances, an increase of about 5% 
has уы that of 2009. The typical appliance consists of 
xis o Steel, and the steel used in appliances is made with 
E sna of 29% recycled steel. The recycling rate of steel 
1983 a ra to more than 67% in 2010 from 15% in 
Mibi P. Steel Recycling Institute, unpub. data, 
эе 011). More than 1.4 Mt of steel containers was 
aes : 1 пе estimated rate of recycling of structural beams and 
S in 2004 through 2010 was about 98%, an increase from 
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85% in 1997. Recycling rates for reinforcement bar and other 
materials increased to 70% in 2010 from 4094 in 1997. 
Minimills, in which EAFs are used, consumed direct-reduced 
iron (DRI) to improve steel quality, and integrated steelmakers 
continued to use small quantities of DRI in blast furnaces as a 
process coolant. Minimills often used a feed mix that has equal 
proportions of DRI, pig iron, and scrap. Raw steel production in the 
minimill industry increased by 34% during 2010 (American Iron 
and Steel Institute, 2011, p. 72) (table 3), while DRI production 
remained at zero, as in 2009 (Midrex Technologies, Inc., 201 1). 


Consumption 


Domestic data for ferrous scrap were derived from voluntary 
monthly or annual surveys of U.S. scrap-consuming operations 
by the USGS. About 62% of the known manufacturers of pig 
iron and raw steel responded to the surveys. Their response 
represented about 64% of the 53 Mt of ferrous scrap consumed 
by this class of consumers (table 1). The remaining 36% of 
scrap consumption was estimated based on prior reports. 

Of the iron foundries, manufacturers of steel castings, and 
miscellaneous users, about 5896 of the surveyed establishments 
responded to the annual survey, which represented about 59% of 
scrap consumed by this class of consumers. Total consumption 
for these two classes of consumers included estimates based 

on statistical methods and prior reports plus actual survey 
responses. Actual survey data accounted for about 5996 of total 
ferrous scrap consumption by all classes of scrap consumers. 

In 2010, brokers, dealers, and other outside sources supplied 
domestic consumers with 50.3 Mt of all types of ferrous scrap at 
an estimated average delivered value of $16.4 billion, and exported 
20.5 Mt (excluding used rails for rerolling and other uses, and 
ships, boats, and other vessels for scrapping) valued at $8.4 billion 
(tables 1, 8, 11). Raw steel production was 80.5 Mt in 2010 
compared with 59.4 Mt in 2009 (American Iron and Steel Institute, 
2011, p. 73). 

The share of raw steel produced by EAF and basic oxygen 
furnaces was 61% and 39%, respectively. In 2010, continuous cast 
steel production represented 97% of total raw steel production; this 
was slightly less than that of 2009. Raw steel production capability 
increased to 114 Mt from 113 Mt in 2009 (American Iron and Steel 
Institute, 2011, p. 75). The capability utilization index increased to 
70.494 in 2009 from 52.496 in 2010. 

Steel mills accounted for 9196 of all scrap received from 
brokers, dealers, and other outside sources; iron foundries and 
miscellaneous users received 796; and steel foundries received 296 
(table 1). Apparent total domestic consumption of ferrous scrap 
was 46.8 Mt, as measured by net receipts (total external receipts 
minus shipments) and 10 Mt of home scrap (table 2). Stocks of 
ferrous scrap at consumer plants increased by 1696 to 3.9 Mt 
(table 1). Total domestic consumption was 60.1 Mt, 13% more 
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than that of 2009 (table 1). The total market for U.S.-produced 
scrap (net receipts plus exports minus imports) was 67.0 Mt, 
compared with 62.8 Mt in 2009 (table 1). Feedstock used in 
electric furnaces by all iron and steel product manufacturers 
comprised scrap, 89%; pig iron, 9%; and DRI, 2% (table 4). Total 
consumption of DRI was 10% more than that of 2009 (table 1). 
Net shipments of all grades of steel mill products were about 
75.7 Mt, which was an increase of 3496 from the 56.4 Mt shipped 
in 2009 (American Iron and Steel Institute, 2011, p. 25). 


Prices 


The average composite delivered price of No. 1 heavy- 
smelting steel scrap in 2010, calculated from prices per long ton 
published monthly by American Metal Market, was $326.34 per 
metric ton. The price ranged from a low of $290.69 per ton in 
January to a high of $365.97 per ton in December (table 8). The 
average composite delivered price of No. 1 heavy-melting steel 
scrap, calculated from prices per long ton published weekly in 
the Iron Age Scrap Price Bulletin, was $318.71 per metric ton; 
the price ranged from a low of $275.54 per ton in December to a 
high of $367.68 per ton in April. 

Based on weekly quotations by Iron Age Scrap Price Bulletin 
for 18-8 (18% chromium, 8% nickel) stainless steel scrap 
(bundles and solids) delivered to consumers in the Pittsburgh, 
PA, area, the average price was about $2,187 per gross ton in 
2010, an increase of 4196 compared with that of 2009. 

The unit value of total ferrous scrap exports (excluding used 
rails for rerolling and other uses, and ships, boats, and other 
vessels for scrapping) increased by 2994 to about $408 per 
metric ton compared with that of 2009 (table 11). The unit value 
of total imports increased by 3894 to about $377 per metric ton, 
compared with that of 2009 (table 14). 


Foreign Trade 


Foreign trade valuation continued to be reported on a free- 
alongside-ship basis for exports and on a customs-value basis for 
imports. In 2010, the U.S. trade surplus for all classes of ferrous 
scrap (including used rails for rerolling and other uses, and ships, 
boats, and other vessels for scrapping) was 16.8 Mt valued at 
about $7.0 billion (tables 11, 14). This represented a decrease of 
14% in quantity and an increase of 10% in value compared with 
the 2009 surplus of 19.4 Mt valued at $6.3 billion. 


World Review 


Iron and steel scrap is an important raw material for the steel 
and foundry industries. Because Scrap comes from such sources 
as discarded cars and consumer durables, ind 
manufacturing operations, and old buildings, 
mature industrialized economies are generally the main 
exporters of scrap to lesser developed steelmaking countries 

The United States exported more iron and steel] Scrap in 2010 
than any other country, followed by, in decreasing order of 
export tonnage, Germany, France, Japan, and Canada 
(World Steel Association, 2011a, p. 115—1 16). The leading 
importing nations were, in decreasing order of import tonnage 
Turkey, the United States, the Republic of Korea, China, and | 
Germany (World Steel Association, 201 la, p. 117-1 18). 


ustrial machinery, 
the relatively 
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Outlook 


Because of the close interdependence of the steelmaking and 
ferrous scrap industries, forecast of the global steel industry in 
the context of the global economy serves as the bellwether of 
the scrap industry. | 

The World Bank's forecast of global gross domestic product 
(GDP) growth for 2011, 2012, and 2013 was 3.2%, 3.6%, and | 
3.6%, respectively (World Bank, The, 2011). The International 
Monetary Fund's forecast of world GDP growth for 2011 and 
2012 was 4.3% and 4.5%, respectively (International Monetary 
Fund, 2011). The U.S. Federal Reserve Bank's forecast for the 
U.S. 2011 GDP growth rate was between 3.4% and 3.9%, and 
between 3.5% and 4.4% for 2012 (Board of Governors of the 
Federal Reserve System, 2011). The GDP growth for China was 
projected to be 9.3% and 8.7% in 2011 and 2012, respectively, 
and that of India was projected to be 8.0% and 8.4% for those 
years, respectively (World Bank, The, 2011). 

World apparent steel consumption (ASC) was expected to 
increase by 6% to 1,359 Mt during 2011, after increasing by 
13% in 2010, and then increase by 6% in 2012, to reach а 
historic high of 1,440 Mt (World Steel Association, 2011b). 
China's ASC was expected to increase by 596 to 605 Mt in 2011, 
and then by 5% in 2012 to 635 Mt. ASC in India was expected 
to increase by 1396 in 2011 to about 69 Mt and 14% in 2012. 
The U.S. АЗС was expected to increase by 13% to 
90 Mt in 2011. The European Union's (EU) ASC was expected 
to increase by 5% to 152 Mt in 2011 and increase by 4% in 
2012. In Japan, the 2011 АЗС was expected to decrease by 1.2% 
to 63 Mt, and remain at this level during 2012. The ASC of the 
Commonwealth of Independent States (CIS) was expected to | 
increase by nearly 8% to 52 Mt in 2011 and then by 9% in 2012. 

World capacity for DRI production in 2010 was estimated 
to be about 83 million metric tons per year (Mt/yr) (Midrex 
Technologies, Inc., 2011). DRI production worldwide reached a 
record of 68.7 Mt in 2010, 4.6% more than that in 2009 
(Fenton, 2012) (table 9). The leading producer of DRI | 
was India, accounting for 30% of the total, followed by, Ш 
descending order of tonnage, Iran, Venezuela, Mexico, and 
Saudi Arabia. At yearend 2010, additional DRI capacity of 
almost 20 Mt/yr was under construction in Bahrain, China, 
Egypt, India, Iran, Oman, Pakistan, the United Arab Emirates, 
and Venezuela. The leading technology was the Midrex process, 
followed by the HYL I and the HYL III processes. | 

MEPS (International) Ltd. forecast total world steel production 
in 2011 to be 1,568 Mt, up 1194 from that in 2010, and 1,625 Mt 
for 2014 [MEPS (International) Ltd., 2011]. MEPS also jn 
increasing steel production in 2011 in South America, the iyd 
East, China, the CIS, and the EU of 17%, 11%, 8%, 5% and у S 
respectively. For China, MEPS forecast a 19% increase In stee 
production by 2014 compared with that in 2010. 

Because the primary source of obsolete steel is th 
an increasing world population and increased deman 
in developing countries, especially China and India, are €x 

to contribute to a dramatic rise in the amount of vehicle serap T 
created during the next 25 years, according to the Oxford ies 
University in the United Kingdom (Blanco, 2007). More i 
are expected to be produced in the next 25 years than in the 
history of the motor vehicle industry through 2008. 
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TABLE 1 


SALIENT U.S. IRON AND STEEL SCRAP, PIG IRON, AND DIRECT-REDUCED IRON STATISTICS! 


(Thousand metric tons and thousand dollars) 


EC 5 2 
Manufacturers of pig iron and raw steel and castings: 


Ferrous scrap consumption 

Pig iron consumption 

Direct-reduced iron consumption 

Net receipts of ferrous scrap” 

Home scrap production* 

Ending stocks of ferrous scrap, December 31 
Manufacturers of steel castings: 

Ferrous scrap consumption 

Pig iron consumption 

Direct-reduced iron consumption 


А РН aa 
А 3 
Net receipts of ferrous scrap 


Home scrap production‘ 

Ending stocks of ferrous scrap, December 31 
Iron foundries and miscellaneous users:? 

Ferrous scrap consumption 

Pig iron consumption 

Direct-reduced iron consumption 

Net receipts of ferrous scrap? 

Home scrap production‘ 

Ending stocks of ferrous scrap, December 3] 
Total, all manufacturing types: 

Ferrous scrap consumption 

Pig iron consumption 

Direct-reduced iron consumption 

Net receipts of ferrous scrap’ 

Home scrap production’ 
Ending stocks, December 31: 

Ferrous scrap at consumer plants 

Pig iron at consumer and supplier plants 

Direct-reduced iron at consumer plants 
Exports; 


: . 
Ferrous Scrap (includes tinplate and terneplate):’ 
ur E 


Quantity 


Value 
Pig iron, all grades: 


Quantity 


Value 
Direct-reduced iron, Steelmaking grade: 
Quantity 


Value 
Imports for consum tion: 


Ferrous scrap (includes tinplate and terneplate):’ 
Quantity 
ERE UU cR 


Value 


Pig iron, all grades: 
Quantity 
Value 
Direct-reduced iron, steelmaking grade: 


Quantity 


Value 
'Revised. -- Zero. 
"Рага аге rounded to no more than three si 
"Includes manufacturers of raw steel that 


?Net receipts of scrap is defined as receipts from 
company-owned plants minus shipments. 


2006 


55,200 ' 
36,800 " 
1,570 € 
45,700 ' 
9,140 ' 
3,710! 


1,080 
11 


8,300 
934! 

4 
5,600 ' 

2,700 
420 ' 


64,600 ' 
37,700 ' 

1,580 ' 
52,100 " 
12,200 " 


4,210! 


787 ' 
312° 


14,900 


4,230,000 


813 
8,750 


(8) 
11 


4,820 


1,250,000 


6,730 


1,760,000 


2,610 


417,000 


2007 


55,000 ' 

36,500 
2,040 

46,800 ' 
8,760" 
3,650" 


1,710! 
11 


7,940 
870! 

4 
5,120 " 

2,550 
413' 


64,700 ' 
37,400 
2,050 
52,900 ' 
12,000 ' 


4,440" 


771 
364 


16,500 


6,890,000 


71 
4,610 


(8) 
23 


3,700 


1,040,000 


5,220 


1,660,000 


2,330 


519,000 


gnificant digits; may not add to totals shown. 
also produce steel castings. 


к—2010 
U.S. GEOLOGICAL SURVEY MINERALS YEARBOO 


2008 


58,000" 

33,600 
1,950 

49,800" 
8,720" 
3,730 ' 


2,080 
12 


7,760! 

842" 
3 
5,200 
2,560 

416° 


67,900 ' 
34,400 
1,960 
56,600 ' 
11,800 


4,650 ' 
885 
435 


21,500 
10,400,000 


51 
11,400 


97 


3,600 


1,450,000 


4,980 


2,800,000 


2,340 


971,000 


2009 


47,700! 

28,300 
1,340 

39,800 
7,610" 
2,820 


841 ' 
17 
14 

588 ' 

272! 

397 


4,650 ' 
1,840 ' 
3 r 
2,950 ' 
1,700 ' 
127" 


53,200" 

30,200 
1,360 

43,400 
9,580! 


3,250! 


505 ' 
234 


22,400 


7,120,000 


11 
4,200 


(8) 
38 


2,990 


814,000 


2,420 


877,000 


1,020 


304,000 


2010 


53,100 
34,100 
1,490 
45,700 
7,720 
3,010 


1,810 
10 


60,100 
36,000 

1,490 
50,300 
10,200 


3,900 
415 
161 


20,500 
8,380,000 


2,220 
13,400 


1 
115 


3,780 
1,420,000 


3,780 
1,540,000 


1,640 
607,000 


brokers, dealers, and other outside sources plus receipts from other 
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TABLE 1—Continued 
SALIENT U.S. IRON AND STEEL SCRAP, PIG IRON, AND DIRECT-REDUCED IRON STATISTICS! 


*Home scrap production includes recirculating scrap that results from current operations and obsolete home scrap. 


"Some consumers in the "Manufacturers of steel castings" category also produce iron castings; some consumers in the 
"Iron foundries and miscellaneous users” category also produce steel castings. 


"Data from U.S. Census Bureau and U.S. International Trade Commission. Export valuation is free alongside ship, 
and import valuation is customs value. 


"Excludes used rails for rerolling and other uses and ships, boats, and other vessels for scrapping. 
“Less than № unit. 
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TABLE 2 


| 
U.S. CONSUMER RECEIPTS, PRODUCTION, CONSUMPTION, SHIPMENTS, AND STOCKS OF IRON AND STEEL SCRAP IN 2010 BY GRADE 


(Thousand metric tons) 


Grade 


Receipts of scrap 


Production of home scrap 


Manufacturers of pig iron and raw steel 


and castings: 
. Carbon steel: 
ub ___ Low-phosphorus plate and punchings 
Cut structural and plate 
u No. 1 heavy-melting steel 
No. 2 heavy-melting steel 
No. | and electric furnace bundles 
No. 2 and all other bundles | 
Electric furnace, 1 foot and under 
(not bundles) 
Railroad rails | 
_ Turnings and borings 
Slag scrap OoOo o 
Shredded or fragmentized Е 
No. | busheling | 
Steel cans, post consumer | 
__ АП other carbon steel scrap 
. Stainless steel scrap | g 
Alloy steel (except stainless) 
Ingot mold and stool scrap 
; Machinery and cupola cast iron 
. Cast-iron borings 
Motor blocks 
Other iron scrap 


From brokers, From other Recirculating Consumption Ending 
dealers, and other company-owned scrap from current Obsolete | of purchased Shipments Stocks, 

outside sources plants operations scrap? and home scrap оЁѕсгар | Песетђег 31 

685 7 21 - 714 - 123 

3,340 157 650 & 4,090 2 218 

4,650 196 1,010 1 5,760 48 347 

| 5,480 157 258 W 5.840 15 331 

2,510 186 894 8 3,440 178 206 

918 15 W == 930 W 41 

10 = W ie 63 W W 

239 W 5] = 309 W 13 

1,840 198 48 W 2,080 | 88 

896 86 1,080 W 1,460 583 170 

11,300 1,450 W = 12,800 71 630 

4,160 116 204 - 4,490 W 203 

97 28 = = 97 = 5 

3,970 233 1,750 W 5.670 264 251 

| 846 77 362 Ww 1,280 4 52 

151 164 348 ES 657 10 44 

-- -- 82 65 58 89 12 

35 W W - 38 W 2 

Е 246 4 7 Р 244 W 2 

94] 76 193 Ж 1,120 83 137 

1,390 307 250 уу 2%. 


Other mixed scrap 


Total 
Manufacturers of steel castings: 
Carbon steel: 
Low-phosphorus plate and punchings 
Cut structural and plate 
No. | heavy-melting steel | 
No. 2 heavy-melting steel | 
No. 1 and electric furnace bundles 
No. 2 and all other bundles 
Electric furnace, l foot and under — 
_ (not bundles) р 
. Railroad rails mE 
Turnings ; and borings - mE 
Slag scrap E 
Shredded [ог  fragmentized 
No. 1 busheling 7 
| Steel cans, post consumer 
__ Allother carbon steel Scrap. 
| Stainless Steel scrap 
. Alloy steel (except stainless) | 
_ Про mold and stool ѕсгар 
. Machinery and cupola cast iron _ 
__Cast-iron n borings 
_ Motor blocks | 
Other iron scrap — — 
. Other mixed scrap 
_ Total Lu 
See footnotes at end of table. 
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| | | = | 0 
43,700 3.450 7.620 96 53,100 1,430 3,01 
— ew 50 Ae 
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TABLE 2—Continued 
200810; 0.5. CONSUMER RECEIPTS, PRODUCTION, CONSUMPTION, SHIPMENTS, AND STOCKS OF IRON AND STEEL SCRAP IN 2010 BY GRADE! 


(Thousand metric tons) 


——— 2522212, 5 NT es 
Receipts of scrap Production of home Scrap | 
Е From brokers, From other Recirculating Consumption Ending 
Wb а dealers, and other company-owned scrap from current Obsolete of purchased Shipments stocks, 
Xm) [s Grade outside sources plants operations scrap? and home scrap of scrap December 31 
mm Iron foundries and miscellaneous users: 
Carbon steel: 
Low-phosphorus plate and punchings 643 W 147 -- 791 1 4 
- Cut structural and plate 510 2 46 14 569 -- 18 
) No. 1 ћеауу-те пе steel 90 W W -- 147 -- 5 
4 No. 2 heavy-melting steel 85 - W 23 110 -- 1 
ђ No. 1 and electric furnace bundles 68 -- -- -- 68 -- 1 
I No. 2 and all other bundles 5 -- W -- 2 W -- 
ү Electric furnace, 1 foot and under 
(not bundles) 92 -- 71 84 170 -- 78 
V Railroad rails 28 W W -- 28 W | 
| Turnings and borings W -- | -- 28 | 18 
| Slag scrap W а 2 ne W 2 = 
| _ Shredded or fragmentized SOS 633 s 19 Е 603 У 68 
) — Nolbuhding о 305 E 8 8 314 = 7 
V. - Steel cans, postconsumer SS W -- -- - W -- -- 
; All other carbon steel scrap 52 -- 56 W 108 1 4 
in Stainless steel Scrap 2 a = W 3 -- -- 
4 Alloy steel (except stainless) 13 a ] = 14 W 1 
| Ingot mold and stool scrap W W W -- W W W 
|  Machineryandcupolacastiron ^^ 401 W 114 W 540 5 36 
Cast-iron borings 47 10 9 -- 65 -- | 
| .. Metor blocks | 121 W 470 m 593 W 2 
Otherironscrap — |00 172 23 750 = 924 9 2022023 
Other mixed scrap с 24 м 30 - 72 5 - 
Total _______3,360 47 1,790 151 5.180 37 256 
= Carbon steel: | 
Low-phosphorus plate and punchings 1,940 8 390 - 2,320 W 427 
__Сш structural and plate | | 3,900 159 702 14 4,720 2 237 
— Ne. 1 heavy-melting steel 4,760 198 1,060 5.930 48 355 
— No. 2 heavy-melting steel — үұ 5,580 157 258 W 5.960 15 333 
No. | and electric furnace bundles 2,580 186 894 = 3,510 178 208 
— No. 2 and all other bundles | 922 15 8 a 932 4 47 
Electric furnace, 1 foot and under 
--- {not bundles) 107 22 153 84 240 W 78 
Railroad rails | Е | 267 23 53 ЈЕ 337 5 15 
.. Tumings and borings | MN 1,910 198 59 де 2,150 2 106 
Slag scrap mE 905 86 1,080 W 1,470 585 173 
Shredded or fragmentized | 11,900 1,450 351 -- 13,500 73 699 
— №. 1 busheling | | 4,500 116 213 - 4,840 - 212 
__ Steel Cans, post consumer о 99 -- = А 99 m 5 
__ All other carbon Steel scrap | 4,020 233 1,850 10 5,830 265 261 
Stainless steel scrap 1,090 77 381 6 1,580 5 147 
.. Alloy steel (except stainless) | 217 165 377 W 755 10 n. 
-Ingot mold and stool scrap ~ 142 W 301 65 416 91 174 
-Machinery and cupola cast iron | 436 W 116 w 579 6 ДЕ 
- Cast-iron borings | > 293 14 16 а 308 5 23 
„Моо Мок 121 W 470 = 593 W 2 
-Other iron scrap 1,110 99 943 -- 2,050 92 161 
- Üther mixed scrap | 1,440 308 280 B3 o 2020 з 86 
wae ки ______ 430 350 9960 260 60000 1470 ^ 3900 
| eld to avoid disclosing company proprietary data; included in “Total.” -- Zero. 
Data are rounded to no more than three significant digits; may not add to totals shown. 
Obsolete home scrap includes ingot molds, stools, and scrap from old equipment and buildings. 
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TABLE 3 


U.S. CONSUMER RECEIPTS, PRODUCTION, CONSUMPTION, SHIPMENTS, AND STOCKS OF PIG IRON 
AND DIRECT-REDUCED IRON IN 2010! 


(Thousand metric tons) 


Stocks, 
_ Receipts Production Consumption Shipments December 31 
Manufacturers of pig i iron, raw steel, and с castings: 
Pig iron 9,630 ? 24,500 34,100 88 390 
Direct-reduced iron (DRI) 1,500 ? == 1,490 W 160 
Manufacturers of steel castings: | 
Pig iron 11 (4) 10 (4) (4) 
DRI | (4) -- -- -- (4) 
Tron foundries and miscellaneous | users: E m 
 Pigion о | 2 77 1,910 3 1,910 3 25 
DRI | 3 -- M -- (4) 
Total, all manufacturing types; — 0 | 
. Pig iron 11,600 24,500 36,000 92 415 
DRI 1,500 -- 1,490 oO W 161 


W Withheld to avoid disclosing company proprietary data. -- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes 1.69 million metric tons purchased by electric furnace steel producers. 


"Includes 49 ,800 metric tons purchased by integrated steel producers. 


^Less than '^ unit. 


TABLE 4 


U.S. CONSUMPTION OF IRON AND STEEL SCRAP, PIG IRON, AND DIRECT-REDUCED IRON IN 2010, 
BY TYPE OF FURNACE OR OTHER USE! 


(Thousand metric tons) 


Manufacturers of pig iron and 
raw steel and castings 


. Manufacturers 
.. Of steel castings 


miscellaneous users 


Iron foundries and Total, all 


Pig Pig Pig Pig 

Scrap — iron DRÉ Scrap iron DRE? Scrap iron ОВР Scrap iron 
Blast furnace 1,200 -- 50 es Ва d s ix = 1,200 d 
Basic oxygen process 9,860 31,200 341 гі z s = Ж -- 9,860 31,200 
Electric furnace 41,900 2,880 1,100 1,810 10 - 3,800 1,840 3 47,500 4740 
Cupola furnace 157 = ші = = -- 1,290 55 -- 1450 55 
Other 4 às = 2 Ей _- 79 16 a 85 16 
Direct castings" -- 36 " x ВЕ NM - 36 
Tota 53,100 _ 34,100 1,490 180 — 10 - 5.80 1,910 3 60100 36,000 

-- Zero. 


! Data are rounded to no more than three si 
-Direct-reduced i iron. 


*Includes air furnaces. 
“Includes ingot molds and stools. 


ignificant digits; may not add to totals shown. 
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TABLE 5 
IRON AND STEEL SCRAP SUPPLY AVAILABLE FOR CONSUMPTION IN 2010, BY REGION AND STATE”? 


(Thousand metric tons) 


Receipts of scrap Production of home scrap 


From brokers, Recirculating 
dealers, and From other scrap resulting New supply 
other outside company-owned from current Obsolete Shipments available for 


Region and State sources plants operations scrap? of scrap’ consumption 
New England and Middle Atlantic: | оо ооо EN 


Connecticut, Maine, Massachusetts, 


New Hampshire, Rhode Island, Vermont 20 (5) 15 W W 36 
New Jersey and New York 1,780 -- 84 W W 1,830 
Pennsylvania | 3,320 _ 723 1,830 Wo 59 5,890 

Total 5,120 723 1,920 80 92 7,150 

North Central: 
Illinois 1,720 (5) 147 57 W 1,860 
Indiana 3,950 298 1,810 (5) 362 5,690 
lowa, Nebraska, South Dakota 2,060 29 133 (5) W 2,230 
Kansas and Missouri 13 5 19 -- (5) 36 
Michigan 2,090 (5) 956 (5) 562 2,480 
Minnesota 406 142 22 -- 22 548 
_ Ohio | 5,990 398 1,050 24 92 7,370 
Wisconsin EN 1,700 2 _ 989 - 5 2,690 
Total | 17,900 876 5,120 82 1,110 22,900 
South Atlantic: 
Delaware and Maryland mE 962 W W -- W 1,300 
_ Florida and Georgia. 697 i W E w 702 
North Carolina and South Carolina 3,070 W 564 W (5) 3,850 
_ Virginia and West Virginia 1,770 — _ 290 268 wo W 2,300 
.. Total 6,500 521 1,220 W 92 8,150 
South Central: mE 
. Alabama and Mississippi 4,270 W 243 -- W 4,550 
Arkansas, Louisiana Oklahoma 4,320 W 399 W W 4,880 
_ Kentucky and Tennessee 3,310 W 265 -- W 3,780 
.. Texas | | 2,730 664 178 Ww | 95 _ 3,480 
Total 14,600 1,080 1,090 6 102 16,700 
Mountain and Pacific: 
. Arizona, Colorado, Idaho, Utah 1,540 W 57 Ww W 1,690 
_ California, Oregon, Washington з 2,550 o W 550 W © W 3,320 

Total 4,090 306 607 94 77 5,020 

Grand total 48,300 3,500 9,960 261 1,470 _ 60,500 


W Withheld to avoid disclosing company proprietary 


data; included in “Total” or “Grand total." -- Zero. 


‘Supply available for consumption is a net figure computed by adding production to receipts and deducting scrap shipped during the year. 
The difference in stock levels at the beginning and end of the year is not taken into consideration. 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 

Dbsolete scrap includes ingot molds, stools, and scrap from old equipment, buildings, etc. 
Includes scrap shipped, transferred, or otherwise disposed of during the year. 


‘Less than % unit. 


IRON AND STEEL SCRAP—2010 


ООО ОО 


ERE EET -=—_—_—_—_—_—— птици 


38.9 


38.10 


TABLE 6 
U.S. CONSUMPTION OF IRON AND STEEL SCRAP AND PIG IRON IN 2010, BY REGION AND STATE"? 


(Thousand metric tons) 


Manufacturers of Total, all 


pig iron and raw Manufacturers of Шоп foundries and manufacturing 
steel and castings steel castings miscellaneous users types 
Region and State Scrap _Pigiron Scrap Pig iron Scrap Pig iron Scrap Pig iron 
New England and Middle Atlantic: 

Connecticut, Maine, Massachusetts, New Hampshire, 
New Jersey, New York, Rhode Island, Vermont 1,720 21 8 -- 134 6 1,860 28 
Pennsylvania 5,540 3,230 154 1 187 17 5,880 3,250 
Total 7,250 3,250 162 1 321 23 7,730 3,280 

North Central: 
Illinois | | 1,500 W 24 (4) 330 71 1,860 2,260 
Indiana 5,360 11,800 62 (4) 262 46 5,600 11,800 
lowa, Kansas, Minnesota, Missouri, Nebraska, South 

Dakota, Wisconsin 3,270 W 53 (9 2,100 1,650 5,420 1,70 
Michigan 1,900 W 29 - 546 24 2470 4000 
Oe ea 6470 67 4) 749 52 7220 6,530 
Total 18,400 24,600 235 | 3,980 1,840 22,700 26,400 
South Atlantic: ee 
Delaware, Maryland, Virginia, West Virginia W W W (4) W W 3,640 1,580 
Florida, Georgia, North Carolina, South Carolina EE W W тө W W 4,550 94 
ый aie 1,670 612 «€ 30 3 5810 160 
South Centa: orem 
_ Alabama, Kentucky, Mississippi, Tennessee ^ ^ ^ 7,570 4,060 W (4) w үу 8,400 W 
_ Arkansas, Louisiana, Oklahoma | 4,800 467 W " W W 4,810 ү 
Техаѕ 3,270 52 31 7 110 6 3540 2 
Total 15,600 — 4530 731 7 258 38 16,600 4,570 
Mountain and Pacific: СЗО ВЗРГСЕС 
_ Arizona, Colorado, Idaho, Utah — 00 1,590 w 2 (4) 73 (4) 1,670 37 
California, Oregon, Washington 2,920 80 68 (4) 220 4 3,200 47 
KC л ср E um aec ME ни 
Grand total 22222 753100 34100 180 10 5,180 1,910 — 60,100 3600 


i Withheld to avoid disclosing company proprietary data; included in "Total" or Grand total." -- Zero. 
и recirculating scrap resulting from current operations and home-generated obsolete scrap. 
Includes molten pig iron used for ingot molds and direct castings. 


3 
Data are rounded to no more than three significant digits; may not add to totals shown. 
"Less than и unit. 
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TABLE 7 
U.S. CONSUMER STOCKS OF IRON AND STEEL SCRAP AND PIG IRON, DECEMBER 31, 2010, BY REGION AND STATE! 


(Thousand metric tons) 


Г Other 


Шйгү Carbon Stainless Alloy Cast  gradesof Тона] Pig 
m Region and State steel" steel steel! ігоп“ scrap scrap iron 
pod New England and Middle Atlantic: | 
Connecticut, Maine, Massachusetts, New Hampshire, Rhode 
Island, Vermont 1 (5) -- (5) W (5) (5) 
= New Jersey and New York 64 (5) = J wW 6 2 
E: Pennsylvania 233 13 — 12 16 3 27 3 
ЦЕ! Total 297 13 2 18 4 344 5 
| North Central: 
ЈЕ Illinois 71 5) (6) 3 W 77 10 
qn Indiana 390 3 5 15 W 419 153 
Iowa, Kansas, Missouri, Nebraska, South Dakota 110 W W 2 -- 117 8 
1" Michigan 98 (6) W 1 106 3 
A Minnesota and Wisconsin 104 W (6) 5 W 111 7 
ЈЕ Ohio ^. 466 34 19 70 W 589 55 
Es __ Total — 1,240 40 27 102 12 1,420 236 
South Atlantic: | | 
|| _ Delaware, Maryland, Virginia, West Virginia 223 W W W -- У wW 
E _ Florida, Georgia, North Carolina, South Carolina 309 W W W -- W W 
E Total 532 70 60 246 " 901 _ 66 
n South Central: 
| Alabama, Kentucky, Mississippi, Tennessee mn 313 W W 14 W 350 59 
| Arkansas, Louisiana, Oklahoma ЕЕ 277 W W 2 - 287 37 
; Texas 213 1 ow 6 wW 221 9 
E Total 803 23 9 22 W 858 96 
— Mountain and Pacific: 
Arizona, Colorado, Idaho, Utah 55 (5) (5) (5) W 97 3 
i _California, Oregon, Washington 27 | © 2 } М 26 9 
4” СТЕ Е 282 1 2 9 52 373 12 
т _ Grand total ^ 73150 147 1 397 86 3,900 415 


W Withheld to avoid disclosing company proprietary data; included in “Total” or “Grand total.” -- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Excludes rerolling rails. 

"Excludes stainless steel. 

“Includes borings. 

"Less than %2 unit. 


*Withheld to avoid disclosing company proprietary data; included in “North Central Total" of “Total scrap." 
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TABLE 8 
U.S. AVERAGE MONTHLY PRICE AND COMPOSITE PRICE FOR NO. 1 


HEAVY-MELTING STEEL, WITH ANNUAL AVERAGES! 


(Dollars per metric ton) 
Composite 
___ Period Chicago, IL Philadelphia, РА Pittsburgh, PA price 
2009," average 230.07 208.36 201.48 213.30 
2010: 
January 292.93 276.88 302.26 290.69 
February 300.18 274.80 310.03 295.00 
March 347.26 323.51 350.67 340.48 
. April 354.31 360.13 380.71 365.05 
May 333.40 340.54 332.42 335.45 
June 329.7] 301.08 329.71 320.17 
July | 300.18 274.17 308.16 294.17 
August 320.76 314.50 323.89 319.72 
. September 341.66 345.69 338.85 342.07 
. October 319.17 307.92 316.12 314.40 
November 332.66 327.99 338.07 332.91 
December 374.00 349.14 — 374.78 365.97 
Average __ 328.85 316.36 ___ 333.81 __ 32634 
'Revised. 
‘Calculated by the U.S. Geological Survey from prices published in American 
Metal Market. 
38.12 —2010 
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TABLE 9 
U.S. EXPORTS OF IRON AND STEEL SCRAP, BY COUNTRY"? 


(Thousand metric tons and thousand dollars) 


| 200 |— 2010 

. Country . Quantity Value | Quantity | Value 
Argentina — (0 1 360 4 150 
Australia | m (3) 1,520 (3) 262 
Austria 0 | (3) 1,480 1 2,860 
Bahamas, The (3) 119 (3) 103 
Bangladesh = 91 25,100 37 13,800 
Belgium — = 6 5.690 10 20,100 
Brazil —  — 64 19,000 61 20,600 
Canada 971 235,000 1,360 417,000 
Chile —— | 393 l 453 
China 6,210 2,500,000 3,210 1,800,000 
Colombia (3) 233 (3) 560 
Costa Rica (3) 161 1 164 
Dominican Republic Е | 2 642 4 960 
Ecuador (3) 47 31 11,300 
Egypt бо 361 90,500 650 228,000 
El Salvador (3) 41 | 499 
Finland - | | 30 41,600 43 91,700 
France | | 1,490 8 3,010 
Сеппапу 12 2,530 9 3,540 
Greece | 224 53,900 72 21,800 
. Guyana (3) 72 | 271 
Hong Kong 100 65,800 96 83,500 
Inda о 1,580 419,000 976 347,000 
Indonesia 00 369 101,000 388 145,000 
Israel (3) 325 3 959 
Бају 48 17,300 179 71,200 
Јатаіса (3) 108 1 290 
Japan | mM 69 104,000 172 170,000 
Kenya = (3) 82 | 284 
Korea, Republic of — 3,110 939,000 2,820 1,030,000 
Malaysia 689 189,000 803 311,000 
Mexico 668 159,000 666 213,000 
Netherlands 00 5 5,610 23 19,500 
Netherlands Antilles ] 127 (3) 47 
New Caledonia - (3) 2.980 3,740 
Pakistan = mE 333 83,900 174 70,100 
Peru — | | 155 42,400 280 98,200 
Portugal 25 4,460 (3) 3 
Saudi Arabia | 538 (3) 227 
Зтрароге mE 38 9,970 8 2,880 
Spin 4l 29,100 20 32,100 
Sweden = 13 6,160 3 9,060 
Switzerland и 55 15,700 (3) 79 
Таймап m 2,230 722,000 2,820 1,160,000 
Thailand 459 120,000 562 204,000 
Trinidad and Tobago 12 4,640 | 496 
Turkey Б 3,680 894,000 4,350 1,530,000 
United Arab Emirates 1 493 4 1,690 
United Kingdom  — 4 6,260 6 7,750 
Uruguay — | (3) 74 1 118 
Venezuela 00 ] 435 16 7,270 
Vietnam | 750 193,000 645 221,000 
Other 8' 3030" 6 4460 
Total = 22,400 7,120,000 20,500 8,380,000 


See footnotes at end of table. 
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TABLE 9— Continued 
U.S. EXPORTS OF IRON AND STEEL SCRAP, BY COUNTRY’ 


"Revised. 
'Data are rounded to no more than three significant digits; may not add to 
totals shown. 

*Excludes used rails for rerolling and other uses and ships, boats, and 
other vessels for scrapping. Export valuation is free alongside ship. 

The United States exported scrap to 92 countries in 2009 and 93 countries 
in 2010. 


?Less than № unit. 


Source: U.S. Census Bureau. 
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TABLE 10 
U.S. EXPORTS OF IRON AND STEEL SCRAP, 


. BY CUSTOMS DISTRICT"? 


(Thousand metric tons and thousand dollars) 
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|| 209  — 2010 
Customs district | Quantity Value Quantity. | Value 

Baltimore, MD 494 158,000 264 102,000 
Boston, MA 1,270 324,000. 1,040 360,000 
Buffalo NY __ 168 45,200 316 120,000 
Charleston, SC — 167 79,800 160 94,300 
Charlotte, NC 51 26,200 21 21,500 
Chicago,IL — 22 6,230 14 5,400 
Cleveland, ОН | 2 702 5 1,810 
Columbia-Snake, OR _ 1,220 346,000 1,270 466,000 
Detroit, MI 210 71,800. 295 86,700 
Duluth, MN 55 14,500 75 22,700 
El Paso, TX E 14 3,110 25 7,070 
Great Falls, MT — 9 1,990 8 2,110 
Honolulu, HI  . 140 38,800 171 58,300 
Houston-Galveston, TX 914 278,000 889 340,000 
Laredo, TX _ 418 99,200 347 113,000 
Los Angeles, СА | 4330 1,730,000 4,000 2,030,000 
Miami, FL 404 129,000 482 166,000 
Mobile, AL 112 49,000 97 47,100 
New Orleans, LA 2,230 549,000 1,290 477,000 
New York, NY _ 3,110 1,040,000 2,580 1,170,000 
Nogales, AZ 15 4,340 (3) 6 
Norfolk, VA  — 439 176,000 360 166,000 
Ogdensburg, NY - 100 19,900 47 15,000 
Pembina, МО — 295 83,100 430. 148,000 
Philadelphia, PA 1,400 356,000 919 321,000 
Portland, ME — 0 129 35,600 173 65,000 
Providence, RI | 374 90,900 449 155,000 
San Diego, CA = 17 3,360 29 7,620 
San Francisco, CA 1,760 542,000 2,120 798,000 
San Juan, PR = — 294 69,500 339 92,300 
Savannah, СА 507 237,000 443 247,000 
Seattle, WA = 1,020 317,000 1,190 450,000 
St. Albans, VT i 35 8,750 71 22,300 
Татра, FL — 583 168,000 505 184,000 
Other _ | 16 15900 — 1i! 16,500 

Total 22400 7,120,000 20,500 8,380,000 


'Excludes used rails for rerolling and other uses and ships, boats, and other 
vessels for scrapping. Export valuation is free alongside ship. 


"Data are rounded to no more than three significant digits; may not add to 


totals shown. 
Less than И unit. 


Source: U.S. Census Bureau. 
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TABLE 11 
U.S. EXPORTS OF IRON AND STEEL SCRAP, BY GRADE"? 


(Thousand metric tons and thousand dollars) 


2009 20100 
Grade — Quantity | Value Quantity | Value 

No. 1 heavy-melting scrap с 41 5.840 1. ,520, 000 5,650 1,940,000 
No. 2 ћеауу-те пр scrap 0 903 230,000 1,020 331,000 
No. 1 bundles — 2-24. 311 79,300 326 80,900 
Мо. 2 bundles | 55 14,600 53 21,900 
Shredded steel scrap : 8,500 2,190,000 7,440 2,640,000 
Borings, st gs, shovelings, and turnings ae 106 19,800 62 10,500 
Cut plate and structural 00000 1,320 359,000 825 302,000 
Tinned iron or steel э 112 54,000 82 52,400 
Remelting scrap ‘ingots | ОИ 27 35,000 27 34,200 
Stainless steel 2221 EN 1,130 777,000 937 936,000 
Other alloy steel scrap | mu 1,280 900,000 916 840,000 
Other steel scrap! 2,170 718,000 2,680 1,000,000 
Iron scrap | mM | 668 223,000 — 517 197,000 
Total 22,400 7,120,000 20,500 8,380,000 
Ships, boats, and other vessels for scrapping 4 773 4 743 
Used rails for гего пр and other uses’ — — 59 38,700 49 41,000 
_Grand total i _ 22,500 7,160,000 20,600 8,420,000 


'Data are rounded ton no more than three significant digits: may not add to totals shown. 
“Export valuation is free alongside ship. 
"Includes tinplate and temeplate. 


“Includes mixed (used plus new) rails. More information can be found in table 15. 


Source: U.S. Census Bureau. 
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TABLE 12 
U.S. IMPORTS FOR CONSUMPTION OF IRON AND STEEL SCRAP, 


BY COUNTRY"? 


(Thousand metric tons and thousand dollars) 


— Т ммм 


Country 
Argentina 
Bahamas, The 
Belgium 
Brazil 
Canada 
Cayman Islands 
China 
Colombia 
Denmark 
Dominican Republic 


Germany 
Guadeloupe 
Guatemala 
Israel 

Japan 


Korea, Republic of 


Malaysia 
Mexico 
Netherlands 
Netherlands Antilles 
Peru 
Singapore 
Spain 
Sweden 
Taiwan 
Trinidad and Tobago 
United Kingdom | 
Other 

Total 
"Revised. — Zero. 


2009 2010 

Quantity Value Quantity Value 
4 737 3 2,310 
3 599 9 ‚ 2,560 
= = (3) 248 
3 2,670 1 1,790 
2,400 611,000 2,700 964,000 
(3) 32 2 647 
(3) 281 (3) 171 
ү 1,120 (3) 167 
26 6,290 - БУ 
(3) 222 (3) 471 
1 637 1 1,230 
(3) 203 1 479 
54 14,400 76 28,900 
3 182 - 22 
(3) 255 (3) 1,060 
(3) 49 1 976 
2 695 2 1,110 
2 628 1 1,450 
(3) 103 1 881 
207 83,900 439 197,000 
76 21,100 136 49,700 
1 89 (3) 12 
(3) 30 1 522 
(3) 861 3 776 
(3) 281 -- -- 
100 27,300 117 38,800 
| 2,690 4 8,900 
(3) 164 (3) 1,080 
101 33,500 274 106,000 
6° 3,350 ' 6 6,520 
2,990 814,000 3,780 1,420,000 


"Рака are rounded to по more than three significant digits; may not add 


to totals shown. 


"Excludes used rails for rerolling and other uses and ships, boats, and 
other vessels for scrapping. Import valuation is customs value. 
The United States imported scrap from 47 countries (revised) in 2009 


and 57 countries in 2010. 


5Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 13 
U.S. IMPORTS FOR CONSUMPTION OF IRON AND STEEL SCRAP, 


BY CUSTOMS DISTRICT? 


(Thousand metric tons and thousand dollars) 


2009 2010 
Customs district Quantity Value Quantity Value 
Baltimore, MD 2 1,240 (3) 609 


Buffalo, NY 596 185,000 518 282,000 
Charleston, SC 178 44,300 224 83,800 
Chicago, IL 15 1,290 2 1,270 
Cleveland, OH (3) 427 1 2,760 
Columbia-Snake, OR 36 6,570 34 9,890 
Detroit, MI CD" 644 157,000 974 363,000 
Duluth, MN 52 13,700 29 14,500 
El Paso, TX 35 10,200 77 28,600 
Great Falls, MT 93 19,700 183 58,600 
Houston-Galveston, TX 3 7,680 3 9,770 
Laredo, TX 84 46,700 156 109,000 
Los Angeles, CA 2 3,430 7 11,500 
Miami, FL 5 1,210 8 1,660 
Mobile, AL 65 21,200 61 23,700 
New Orleans, LA 138 41,300 299 107,000 
New York, NY (3) 641 4 1,900 
Nogales, AZ 11 3,730 11 3,940 
Norfolk, VA (3) 109 ] 1,470 
Ogdensburg, NY 38 15,600 29 737,100 
Pembina, ND 25 11,400 35 21,400 
Philadelphia, PA (3) 174 17 7,190 
Portland, ME 7 2,570 8 5,710 
San Diego, CA 79 21,900 195 54,400 
Seattle, WA 878 195,000 889 173,000 
Tampa, FL 3 552 8 2,220 
Other 2 3 858 ' 3 1,410 

Раље. o С. 


Total 2,990 81 4,000 3,780 1,420,000 
"Revised. 


І 
Data are rounded to no more than three significant digits; may not add to 
totals shown. 


2 | | 

Excludes used rails for rerolling and other uses and ships, boats, and 
other vessels for scrapping. Import valuation is customs value. 
"Less than 72 unit. 


Source: U.S. Census Bureau. 
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ТАВГЕ 14 
U.S. IMPORTS FOR CONSUMPTION OF IRON AND STEEL SCRAP, ВУ CLASS"? 


(Thousand metric tons and thousand dollars) 


о MEE RE 
Class Quantity Value Quantity Value 

No. 1 heavy-melting scrap 185 37,900 163 48,700 
No. 2 heavy-melting scrap 28 5,510 70 18,400 
No. 1 bundles 715 186,000 1,190 457,000 
No. 2 bundles 37 5,430 34 6,360 
Shredded steel scrap 452 78,500 441 98,200 
Borings, shovelings, and turnings 53 10,100 94 21,400 
Cut plate and structural 149 29,600 174 43,700 
Tinned iron or steel 27 5,190 68 14,300 
Remelting scrap ingots (3) 327 _ (3) 190 
Stainless steel scrap 124 138,000 195 305,000 
Other alloy steel scrap 558 193,000 740 240,000 
Other steel scrap’ 479 90,300 469 123,000 
Iron scrap | 184 34,400 142 42,300 

Total 2,990 814,000 3,780 1,420,000 
Ships, boats, and other vessels for scrapping (3) 79 (3) 226 
Used rails for rerolling and other uses? 57 17,700 53 23,700 

Grand total 3,050 831,000 3,830 1,440,000 
е 9,0 5,50 1,440,000 


Data are rounded to no more than three significant digits; may not add to totals shown. 
"Import valuation is customs value. 
"Less than % unit. 
"Includes tinplate and terneplate. 
"Includes mixed (used plus new) rails. More information can be found in table 16. 


Source: U.S. Census Bureau. 
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TABLE 15 
U.S. EXPORTS OF USED RAILS FOR REROLLING AND OTHER USES, 
BY COUNTRY"? | 
тою  Ә 
Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) 
Anguila Ы бов) 
Antigua and Barbuda 23 51 (3) $4 
Argentina 5 13 10 22 
Aruba 34 33 -- = 
Australia 534 759 1,760 2,460 
Bahamas, The 57 89 106 143 
Barbados 88 74 30 73 
Bermuda 6 7 28 26 
Brazil 26 34 28 62 
British Virgin Islands 70 109 -- == 
Canada 17,000 15,100 13,200 12,600 
Cayman Islands 53 58 15 36 
Chile 781 956 161 270 
China 4,970 1,570 169 154 
Colombia 342 588 18 41 
Costa Rica 4 4 -- = 
Denmark == шы 24 99 
Dominican Republic 561 633 981 1,010 
Guatemala 25 = 23 39 
Honduras 27 46 -- m 
Hungary 22 a 12 10 
India 10 9 79 142 
Ireland 128 114 130 178 
Italy 3 11 18 116 
Jamaica = = 37 60 
Japan 37 36 201 168 
Korea, Republic of 4 3 3 20 
Malaysia 13 11 (3) 5 
Mexico 29,300 15,700 27,800 19,900 
Netherlands - 22 52 135 
Netherlands Antilles 36 36 11 24 
New Zealand 11 20 -- = 
Nicaragua 15 27 5 -- 
Nigeria = 55 204 172 
Pakistan 45 9 M i: 
Panama 33 48 80 158 
Pu ЕС 65 147 135 140 
Philippines ЕА ЕЕ | 35 29 
Russia 20 37 13 89 
Saudi Arabia 194 162 95 262 
South Africa 87 80 23 19 
Spain 3 3 a a 
Taiwan 2,920 1,210 3,290 1,870 
Thailand ——————— 124 83 27 22 
Trinidad and Tobago 25 35 -- A 
Turkey 7 10 7 15 
Turks and Caicos Islands 10 17 = - 
United Arab Emirates 446 373 2 TM 
United Kingdom 25 32 10 13 
Venezuela 88 184 79 176 
E 154 ' 150 ' 99 220 
58,600 38,700 49,100 41,000 


Revised. -- Zero, 
Раја аге ded 
Founded to no more than three significant digits; may not add to totals shown. 


2 DE 
Export valuation IS free alongside Ship. 
Less than У, unit. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 
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ТАВГЕ 16 
0.5. IMPORTS FOR CONSUMPTION OF USED RAILS FOR REROLLING 


AND OTHER USES, BY COUNTRY"? 


“ССС 


Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) 
Austria -- -- 6 $6 
Canada 31,300 $7,950 46,800 18,500 
China -- — 16 29 
Czech Republic 7 9 -- -- 
. Germany 2 7 15 40 
Japan 17 40 4 10 
Korea, Republic of -- -- 15 34 
Mexico 830 238 107 38 
Russia 25,200 9,310 6,250 4,910 
Spain 13 116 13 119 
United Kingdom -- -- 2 6 
Total 57,400 17,700 53,200 23,700 
— Zero. 


"Data are rounded to no more than three significant digits; may not add to 
totals shown. 


Import valuation is customs value. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 


TABLE 17 
U.S. EXPORTS OF DIRECT-REDUCED IRON, BY COUNTRY"? 


2009 2010 
Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) 
China -- -- 213 $31 
Costa Rica - - 557 59 
Indonesia 100 $18 | -- -- 
Mexico 36 6 204 25 
Switzerland 58 6 -- 25 
Uruguay 77. 8 с гс n 
Total 271 38 974 115 


-- Zero. 


‘Data are rounded to no more than three significant digits; may not add 
to totals shown. 


“Баға аге for steelmaking-grade direct-reduced iron only. 


Source: U.S. Census Bureau. 
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TABLE 18 


U.S. IMPORTS FOR CONSUMPTION OF DIRECT-REDUCED IRON, 


BY COUNTRY"? 


Country 
South Africa 
Бубфеп ______ 
Trinidad and Tobago — 
Venezuela 
Total 
-- Zero. 


2009 
Quantity Value 


(metric tons) (thousands) 


807,000 $244,000 
209,000 59,600 
1,020,000. 304,000 


2010 


Quantity 
(metric tons) 


39,100 

63 
1,270,000 
331,000 
1,640,000 


Value 
(thousands) 
$11,700 
22 
490,000 
106,000 
607,000 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
"Data are for steelmaking-grade direct-reduced iron only. 


Source: U.S. Census Bureau. 


TABLE 19 


U.S. EXPORTS OF PIG IRON, BY COUNTRY"? 


Country 

Bolivia 
Brazil 
Canada 
China 
Colombia 
Dominican Republic 
France 
French Polynesia 
Germany 
Hong Kong 
Israel 
Italy 
Japan 
Korea, Republic of 
Mexico 
Netherlands 
New Zealand 
Norway 
Peru 
Romania 
Singapore 
Tunisia 
United Kingdom | | — 
Uruguay 

Total 
-- Zero. 


2009 
Quantity Value 
(metric tons) (thousands) 
| $4 
11 12 
5,220 1,890 
361 119 
62 18 
82 27 
11 4 
59 19 
248 244 
4,400 1,640 
2 3 
11 4 
103 34 
14 15 
147 157 
2 6 
10% 420 


2010 

Quantity Value 
(metric tons) (thousands) 
9 $9 
14,900 7,190 
62 19 
3,300 25 
149 137 
25 26 
37 40 
29 10 
2 5 
272 237 
2,200,000 5,530 
13 6 
113 123 
76 25 
_ 2,220,000 13,400 


!Data are rounded to по тоге than three significant digits; may not add to totals shown. 


?Includes the following grades of pig iron: less than or equal to 0.5% 
content, greater than 0.596 phosphorus content, and alloy grade. Export уа 


alongside ship value. 


Source: U.S. Census Bureau. 


phosphorus 
luation is free 


2010 
YEARBOOK 
U.S. GEOLOGICAL SURVEY MINERALS 


38.22 


и-и 


ТАВІЕ 20 
U.S. IMPORTS FOR CONSUMPTION ОЕ РІС IRON, BY COUNTRY"? 


2009 2010 


Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) 
Australia . -- -- 175 $185 
Belgium -- -- 7,000 2,340 
Brazil 1,260,000 $478,000 1,600,000 650,000 
Canada . 90,700 27,300 141,000 63,300 
China -- -- 56,900 23,000 
Рептагк 9 9 — -- 
Germany -- -- 37 35 
India 6 13 -- -- 
Italy 4 2 -- -- 
Russia 751,000 275,000 1,060,000 447,000 
South Africa 120,000 37,400 127,000 51,000 
Sweden 43,000 12,000 — -- 
Ukraine 156,000 47,000 729,000 280,000 
Venezuela -- -- 61,300 20,400 
Total 2,420,000 877,000 3,780,000 1,540,000 
-- Zero. 


Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes the following grades of pig iron: less than or equal to 0.5% phosphorus 
content, greater than 0.5% phosphorus content, and alloy grade. Import valuation is 
customs value. | 


Source: U.S. Census Bureau. 
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TRON ORE 
By John D. Jorgenson 


Domestic survey data and tables were prepared by Michelle B. Blackwell, statistical assistant, and the world production 
table was prepared by Glenn J. Wallace, international data coordinator. 


U.S. iron ore production in 2010 increased by 87% compared 
with that of 2009; consumption during this same period 
increased by 37%. World iron ore production and consumption 
rose in 2010 by almost 17%. China, by far the leading 
consumer, also led gross tonnage production of iron ore with 
relatively low-grade ore. China was the leading producer of iron 
ore in terms of iron content, followed by Australia and Brazil 
(tables 1, 15). For the ninth consecutive year, world iron ore 
trade increased. World iron ore prices increased significantly 
compared with those of 2009. ` 

Iron ore is the basic raw material for producing iron and 
steel. The supply of iron ore is critical to the economies of 
all industrialized nations. Scrap, a supplement to iron ore in 
steelmaking, is also an extremely important feed material, 
but owing to lack of supply of high-quality scrap, its use has 
limitations. Direct reduced iron (DRI) is an alternative to scrap, 
but requires iron ore for its production. 

Two iron oxides—hematite (Ее,О,) and magnetite (Е e,0,)— 
are the primary ore minerals of iron. Taconite, the primary iron 
ore mined in the United States, contains hematite and magnetite 
m varying proportions and is found in hard, fine-grained, banded 
iron formations with iron content between 2096 and 3094. 

Almost all domestic iron ore production is transformed into 
molten iron in blast furnaces by the iron and steel industry. Most 
molten iron then goes directly to a basic oxygen furnace (BOF) 
for conversion to steel by removing most of the residual carbon. 
The remainder is poured into molds to produce pig iron. 

In 2010, the United States used 42.3 million metric tons (Mt) 
Of iron ore, an increase of 11.3 Mt, or 37%, compared with that 
012009, and produced 26.8 Mt of pig iron. Pig iron production 
increased by more than 40% compared with that of 2009. 

Raw steel production, at 80.5 Mt, increased by 36% compared 
with that of 2009. U.S. steel consumption increased to 80 
Mt from 63 Mt in 2009. Imported iron ore supplemented 
domestically produced iron ore in the production of pig iron, 
Which is used along with imported pig iron, DRI, and scrap to 
Produce Taw steel. Integrated steel mills produce steel from iron 
“ТЕ; minimills produce steel from DRI and scrap. In 2010, the 
minimill sector of the steel industry made up 61% of the U.S. 
ae Production (American Iron and Steel Institute, 2011, 


„гше steelmakers can increase steel mill product 

pro uction without increasing blast furnace production 

М | mina. pig iron and semifinished steel. This permits 
Makers to avoid costly startup of less-efficient blast 

ШЕ, м in reserve and the employment of additional 

imports) t ers. In 2010, net U.S. exports (exports minus 

the Unies his ore substitutes were 9.6 Mt, while in 2009 

nr. lates was a net exporter of 14.7 Mt of substitutes. 

ase ІП net exports was owing to substantial decreases 
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in the levels of scrap steel and semifinished steel products 
net exports being somewhat offset by an increase in pig iron 
imports. During the year, along with the 3696 increase in raw 
steel production and a 2796 increase in steel demand, iron ore 
consumption increased 37% from 2009 levels. 


Legislation and Government Programs 


In 2010, the Minnesota production tax rate to be distributed 
in 2011 changed for concentrates and pellets produced in 2010, 
increasing to $2.380 from $2.364 per taxable long ton. The 
taxable tonnage for 2010 was based on the average tonnage 
produced in 2008-10. 

Changes affecting taconite mining and processing operations 
passed by the Minnesota Legislature in 2010 included a 
redistribution of the production tax for all 2009 production 
with distribution in 2010 only. This portion of the production 
tax established a special fund to receive $0.28757 per long 
ton that would otherwise have gone into the Taconite Property 
Tax Relief Account. The funds from this special account were 
to be allocated to public works and economic development 
tax. Another legislative change to tax distributions allowed 
for transfer of funds from the Taconite Property Tax Relief 
Account to compensate for any shortfall in funds resulting from 
levy reductions (Minnesota Department of Revenue, 2010, 

р. 1, 6, 7, 20; 2011, p. 1, 20). 


Production 


The U.S. Geological Survey (USGS) develops U.S. iron 
ore production data through an annual “Iron Ore" survey, 
which is sent to iron ore mines, and those mines provided 
the production statistics shown in tables 1 through 4. This 
information is supplemented by employment data, information 
from consumers, and mine inspection reports. The American 
Iron Ore Association became a supplier-oriented organization, 
now known as the Iron Mining Association of Minnesota, and 
no longer provides data on ore shipments from loading docks on 
the Upper Great Lakes nor receipts at transfer docks and furnace 
yards nationwide. Steel plant data continues to be compiled by 
the American Iron and Steel Institute (AISI). 

In 2010, domestic iron ore production was 49.9 Mt, 8794 
more than the 2009 production, which was 26.7 Mt. Michigan 
and Minnesota taconite mines accounted for almost all domestic 
iron ore production—six mines operated on the Mesabi Range 
in northeastern Minnesota and two on the Marquette Range 
in Michigan's Upper Peninsula. Domestic iron ore supply 
(production minus exports) met 9496 of domestic demand in 
2010, an increase from 74% for in 2009. 


Cliffs Natural Resources Inc. (Cleveland, OH) did not 
announce 2010 iron ore production for its North American 
operations on a mine-by-mine basis in its annual report. Mine 
production totaled 32.5 Mt from the Empire, Hibbing Taconite, 
Northshore, Tilden, and United Taconite mines in the United 
States and the Wabush mine in Canada. Cliffs’ share of the total 
production from these North American operations was 25.8 Mt. 
Total Cliffs’ North American production tonnage share for the 
mines it managed during the year increased by 49% compared 
with that of 2009, and overall iron ore sales revenue more than 
doubled compared with that of 2009 to $2.92 billion (Cliffs 
Natural Resources Inc., 2011b, p. 60). 

Michigan.—Michigan accounted for about one-quarter of 
U.S. usable iron ore output in 2010; nearly all of Michigan's 
output was pellet production. Production at the Empire and 
Tilden Mines, mostly magnetite and hematite flux pellets, 
increased by more than 5095 to 12.5 Mt. 

Minnesota. —Minnesota produced nearly three-quarters of 
the usable iron ore in the United States in 2010; nearly all of 
the output was pellet production. Almost all of the production 
from the State came from open pits on the Mesabi Iron Range, 
although a minor amount of the production did come from 
reworked tailings. Minnesota taxable production, grouped by 
operating company, was summarized as follows: United States 
Steel Corp. (Pittsburgh, РА) produced 4.9 Mt of partial flux 
pellets and a minor amount of fines, chips, and concentrates 
from its Keewatin Taconite operations and 13.2 Mt of fluxed | 
pellet production from its Minntac operations; Hibbing Е 
Co. produced 5.8 Mt of partial fluxed (containing less than 2% 
flux) pellets; United Taconite Co., LLC produced 5.0 Mt of 
partial fluxed pellets, a minor amount of pellet chips and fines, 
and a minor amount of concentrates; Northshore Mining Co. 
produced 4.6 Mt of partial fluxed pellets and а small amount 
of pellet chips and fines; and ArcelorMittal Minorca Mine 
Inc. (Chicago, IL) produced 2.8 Mt of flux pellets and a minor 
amount of pellet chips and concentrates (ArcelorMittal, 20 11, 

‚ 28; Minnesota Department А E 2011, p. 21; United 
orp., 2011, p. F-59). 
—- SIDES for the sales price of blast furnace 
pellets sold to Essar Steel Algoma, Inc. (Sault Ste. Marie, 
Ontario, Canada) [a subsidiary of Essar Steel Holdings Ltd. 
(Mumbai, India)]. The arbitrated redefinition of world prices for 
blast furnace pellets allowed Cliffs to use an increase greater 
than 9596 compared with 2009 pellet prices in the established 
pricing formula (Cliffs Natural Resources Inc., 20102). 
Steel Dynamics, Inc. (Fort Wayne, IN) announced the НЕ 
roduction of the first iron nuggets at its Mesabi Nugget facility 
| Hoyt Lakes. This was the world's first commercial production 
of greater than 9694 iron nuggets using the ITmk3 d 
developed by Kobe Steel Ltd. (Kobe, Japan). The p ant hg 
completed 2 years of construction activity and was designed, 
:cipated capacity, to produce 500,000 metric tons per 
" sp of nuggets, much of which will be feedstock to Steel 
dh d own electric arc furnaces (EAFs) in Indiana. During 
2 Dynamics continued to ramp up operations at its 
ше d facility. The plant was shut down in November 
"à Su to replace refractories in the rotary hearth furnace and 
отеп modifications. In 2010, 67,500 metric tons (t) of 
T was produced (Steel Dynamics, Inc., 2010; 2011). 


39.2 


Magnetation, Inc. (Nashwauk) announced the start-up of 
its new Rev3™ separator, a high-gradient magnetic separator 
designed to recover high-grade hematite concentrate from fine 
tailings or to upgrade mined hematite ore. The separator was 
installed in its Plant 1 near Keewatin. Magnetation planned to 
install a ball mill and update the Rev3™ separator at the plant by 
midyear 2011, bringing capacity to 450,000 t/yr. The company 
also planned to construct a new 650,000-t/yr plant (Plant 2), 
near Taconite, by the third quarter of 2012. 

Magnetation signed a long-term offtake agreement with 
Altos Hornos de Mexico S.A.B. de C.V. that was planned to 
start in January 2012. Talks were held with Cargill, Inc. that 
resulted in an agreement in January 2011, to explore worldwide 
opportunities to develop and use Magnetation's proprietary 
mineral processing technology (Magnetation, 20102, b; Cargill, 
2011). 


Consumption 


U.S. iron ore consumption increased by 37% to 42.3 Mt from 
31.0 Mt in 2009 (table 1). Pig iron production, at 26.8 Mt in 
2010, was more than 4096 greater than the 2009 production of 
19.0 Mt. Raw steel production using BOF technology, which 
had been at the lowest production level in more than a decade in 
2009, increased by 3896 to 31.2 Mt. 

Consumption of iron ore, including agglomerates, reported 
to the AISI by producers of iron and steel totaled 41.7 Mt, 
including 36.0 Mt of pellets; 5.2 Mt of sinter, briquettes, and 
other products; and 0.4 Mt of natural coarse ore (table 6). Of 
the ore consumed, 85% was domestic production; 10%, imports 
from Canada; and 5%, imports from other countries. Other 
iron-bearing materials charged to blast furnaces included mill 
scale, slag scrap, and steel furnace slag. | 

The three consumption numbers used in this annual review 
are reported in tables 1, 6, and 7. The first consumption number 
(42.3 Mt in 2010), in table 1, is the sum of the ore consumed 
by input type reported by the AISI, the ore consumed in DRI 
production, and the ore consumed in nonsteel uses, as reported 
to the USGS (American Iron and Steel Institute, 2011, p. 81). 
The second consumption number (41.7 Mt in 2010), n table 
6, is the ore consumed in U.S. iron and steel plants by type of 
ore reported by the AISI. The third consumption number d 
estimate of DRI and other miscellaneous uses, which ШЫП; е 
iron ore consumed in production of cement and iron ore dd 
for use in manufacturing paint, ferrites, heavy media, ol 1 
feed, refractory and weighing materials, and for use : W А 
smelting are listed in table 7. The latter consumption 4 iie 
the ore consumed in DRI production (of which Ерни 
produced in 2010) and nonsteel uses (0.62 Mt in Е 7 a 
on iron ore consumption in nonsteel end uses (tab e by 
compiled from USGS surveys and information prov 


Midrex Technologies, Inc. (2011, p. 7). 
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Iron ore negotiat : 
Chinese steelmakers and Australian рг 
Ltd. (Melbourne, Australia) and R10 Tinto, 
Kingdom) began early in 2010. Talks were 
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owing to legal problems that developed the previous year for 
Rio Tinto's negotiators in China. Analysts expected ore prices 
to rise between 1096 and 5096 from those of the prior year with 
producers expected to hold back until Japan and the Republic of 
Korea had signed deals. Anticipation of the Indian Government 
introducing export duties on iron ore and a subsequent rise 

in spot iron ore prices from Indian iron ore exporters were 
expected to push the contract benchmark price higher for the 
2010 contract. The Brazilian Government's discussion of a 
possible iron ore export tax to stimulate the domestic steel 
industry was also seen as supporting an increase in contract 
prices (Cavallaro, 2010; Metal Bulletin, 2010b, c). 

Vale S.A. (Rio de Janeiro, Brazil) and BHP Billiton reached 
agreement with major steelmakers from China, Japan, and the 
Republic of Korea to accept quarterly ore repricing. In 2010, 
prices were almost two times those of the 2009 contract year 
(Jenkins, 2010). 

April 2010 represented the end of the 40-year global 
benchmarking system for the sale of iron ore under an annual 
contract. Iron ore producers felt they had been losing out, 
with contract prices regularly falling below the spot market 
price and with some customers reneging on contract tonnages 
when spot price fell below the contract price. BHP Billiton and 
Vale reached agreements with several customers to move to 
shorter-term or quarterly contracts. Rio Tinto had not reached 
agreements but was looking toward annual supply agreements 
with quarterly price adjustments. As a result of the end of the 
benchmarking system, publication of contract prices in Japan, 
listed in table 16 in previous Minerals Yearbook chapters, have 
been discontinued. 

China reported that the change to quarterly negotiated prices 
would lead to continued price increases, short-run profits for 
iron ore suppliers, and reduced profit margins for Chinese steel 
mills. China placed a ban on imports of ore with less than 6096 
топ content—a move that should favor the big three producers 
(BHP Billiton, Rio Tinto, and Vale), while hampering imports of 
lower grade ores from India. Additionally, the China Chamber 
of Commerce of Metals Minerals & Chemical Importers & 
Exporters and the Chinese Iron and Steel Association (CISA) 
agreed to revoke import licenses for small traders and to restrict 
reselling of imported iron ore. According to Chinese sources, 

bon boycotting Australian iron ore imports into China 
m = о 8 export cutbacks by the big three 
prompted a 2. un ih D x бк. 
thereby limiting ед К: - mines in India's Orissa State, 
Ва 8 exports ої this ore to China (Karpel, 2010; 
quist, 2010). 

Сея and ArcelorMittal confirmed the end to the 
15. aes System, and many steelmakers Indicated that an 
Tinto, and 5. sales might result. BHP Billiton, Rio 

ec annual iron ore contracts with a quarterly 
Pricing mechanism. Vale indicated it would all 
select an index bse сш a allow Customers to 
Rio Tinto did not reveal its pri ба нше formula, BHP and 
Quarterly price я Its pricing formula but indicated that 
Meis и e based on indices from the previous 
calculating its Miis Tinto changed the (егеп period for 
Sim er nin eas ne оч тн рің 
2010; Metal Bulletin, 2010e, g). elis 
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Wuhan Iron and Steel Co. Ltd. (WISCO), China's 
third-leading steelmaker, secured a special price from 
Corporación Venezolana de Guayana (СУС) at about $20 per 
metric ton below the third quarter price being charged by Vale 
to its Asian customers. CVG, a Venezuelan state-owned mining 
and metallurgical group, sold 480,000 t of iron ore in 2009 to 
WISCO and had an existing contract to sell WISCO more than 
40 Mt of iron ore during the next 7 years (Skillings Mining 
Review, 2010b). 

ThyssenKrupp Steel Europe responded to the new quarterly 
iron ore pricing mechanism by introducing a surcharge on 
annual steel contracts. Other European steelmakers were 
expected to follow suit in order to transfer their pricing risk 
to the customer. Upward movement of iron ore prices was 
expected to increase pricing risk in the short- to medium-term 
owing to cancellation or deferral of major iron ore mining 
projects caused by the economic downturn that began in late 
2008 (Gleeson, 2010; Hodge, 2010). 

Later in the year, supplies of contract iron ore exported to 
small Chinese mills reportedly were cut by BHP Billiton, Rio 
Tinto, and Vale. Larger Chinese mills were expected to adopt 
contract prices developed by Japanese and Korean mills, 
while smaller Chinese mills awaited a negotiated price (Metal 
Bulletin, 20104). 


Transportation 


The Lake Carriers’ Association reported that the iron ore 
shipments on the Great Lakes rebounded after having fallen 
to the lowest level in 71 years in 2009. Iron ore cargos on the 
Great Lakes totaled 43.7 Mt, an increase of 68% compared with 
those of 2009. Iron ore shipments for 2010 were slightly below 
the 5-year average of 2005—09, The locks at Sault Ste. Marie 
MI, opened 4 days ahead of schedule, on March 21, owing о 
the increased need for iron ore from steel plants located on the 
Lower Lakes (Lake Carriers’ Association, 2010; 201 1). 


Foreign Trade 


In 2010, U.S. exports of iron ore exceeded imports by 55% 
which represented only a minor percentage of domestic apparent 
consumption. Exports increased by more than 15096, while 
imports increased by two-thirds compared with 2009 figures 
U.S. iron ore exports were 93% pellets (9.2 Mt), and 81% of 
the exports was shipped via the Great Lakes to Canadian steel 
companies, while 7% was Shipped to China, 3% to Germa, 

296 each to France and Mexico, and the rest to 13 other i 
countries. U.S. imports totaled 6.4 Mt, of which 
increased to 8% from 5% in 2009, Canada's sha 
to 70% from 81% in 2009, and Rus 
from 4% in 2009 (tables 1, 8-14). 


Brazil's share 
an re decreased 
Sia’s share Increased to 9% 


World Industry Structure 
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used as guides to indicate whether glo 
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production because, to varying degre 
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steel production comes from scrap consumption in minimills. 
Iron ore net imports cannot be used as a straightforward 
indicator of a change in iron ore consumption in countries 
that produce iron ore unless a country's own ore production · 
remains constant. World consumption of iron ore was estimated 
to have increased as indicated by increases in pig iron (12%) 
and DRI (5%) production compared with 2009 levels. Of the 
nine countries that accounted for 2% or more of world pig 
iron production in 2010, four of the countries showed negative 
growth, including the United States, comparing 2010 production 
with each country's average pig iron production from 2006 
through 2010. The growth rates compared with the 5-year 
average (2006—10) for these countries were as follows: India, 
2294; China, 18%; the Republic of Korea, 6%; Germany, 3%; 
Japan, 1%; Russia, 0.6%; Ukraine, 8%; the United States, 
1396; and Brazil, 1896. Whereas in 2009, only two (China 
and India) of the five leading producing countries of pig iron 
showed an increase in pig iron production compared with that 
of 2008, all countries showed an increase in production in 2010 
compared with that of previous year—China, 7%; India, 14%; 
Japan, 23%; the Republic of Korea, 14%; and Russia, 11%. 
Interest in mine development continued to increase in 2010 
owing to a recovery from the global economic downturn that 
began in 2008, as producers positioned themselves to take. 
advantage of expected continuing high levels of consumption 
driven by Chinese economic growth. With new iron ore 
capacity becoming available through existing 
world supply of iron ore was expected to be adequate 
at least through 2013. A potential large increment of iron ore 
supply may come into the market in 2015 and beyond from new 
producers in West Africa and Brazil (Gray, 2011, р. 20-21). | 
World crude steel production increased to 1.4 billion metric 
tons (Gt) from 1.2 Gt in 2009. Seven countries produced more 
than 35 Mt of crude steel each and combined accounted for 
almost 7596 of world production in 2010. Of those countries, 
China produced about 53 Mt more crude steel in 2010 than in 
2009 and the United States and Japan each produced 22 Mt 
more. Combined production from the others (Germany, India, 
the Republic of Korea, and Russia) was 33 Mt more in 2010 
than in 2009. Annual world crude steel production, excluding 
China, increased by more than 130 Mt in 2010. Between 2001 
and 2010, China, Germany, India, Japan, the Republic of 
Korea, Russia, and the United States accounted for more than 
two-thirds of combined world crude steel production. China’s 
2010 production was almost 65% greater than its average [Or 
the 10-year period, while that of the United States was 10% 
less than its average for the 10-year period (United Nations 
Conference on Trade and Development, 2011, p. 124-126). 
Production.—World iron ore production of 2.6 Gt, gross 
weight, increased by 17% from 2009 production levels. Annual 
world production has exceeded | Gt, gross weight, each year 
since it first reached that level in 1999, and has exceeded 2 
Gt since 2007. Australia’s and Brazil s combined share of 
world production by gross weight from 2006 through 2010 | 
averaged 32%. In 2010, iron ore was produced in 41 Enn 
th production exceeding 1 Mt, gross weight, in 27 of those 
e une World DRI production increased to 70.4 Mt, which 
— e than that of 2009 (Midrex Technologies, Inc., 


2011). 
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Trade.—World iron ore imports of 1.05 Gt rose by 12% 
compared with 2009 levels. Following large year-on-year 
increases in imports for the past 8 years (2196 in 2002, 33% in 
2003, 40% in 2004, 32% in 2005, 19% in 2006, 17% in 2007, 
16% in 2008, and 42% in 2009), China posted a slight decline in 
iron ore imports to 619 Mt in 2010 from 630 Mt in 2009. Since 
2001, four countries, China, Germany, Japan, and the Republic 
of Korea, have accounted for more than two-thirds of world iron 
ore imports. China's share more than tripled during this 10-year 
period to 5996 from 1996. Germany's share of imports in that 
period decreased to 4% from 8%, Japan's share decreased to 
13% from 26%, and the Republic of Korea's share decreased to 
5% from 9%. 

World iron ore exports of 1.07 Gt increased by 11% compared 
with 2009 levels. Australia's and Brazil's combined share 
of world iron ore exports increased slightly to 67% in 2010 
compared with their revised share in 2009. Five countries 
accounted for more than 8396 of world iron ore exports. In 
decreasing order of market share, Australia held 38%; Brazil, 
28%: India, 996; South Africa, 5%; and Canada, 3% (United 
Nations Conference on Trade and Development, 2011, 

p. 107-110). 

According to The TEX Report (2011a-c), China, the world's 
leading importer of iron ore, imported 619 Mt of iron ore in 
2010. The leading exporters of nonagglomerated ore to China 
were South Africa (5696), Australia (43%), Brazil (21%), India 
(16%), and Iran (296), with the remainder shared among more 
than 30 countries. Russian iron ore exports to China in 2010 
decreased by 2796 compared with those of 2009, while those 
to the United States increased fourfold during the same period. 


The European Union (EU) increased iron ore imports in2010by _ 


4896 compared with those of the previous year. о 
Mergers and Acquisitions.—ArcelorMittal and BHP Billiton 
discussed the possibility of combining iron ore assets in Liberia 
and Guinea, but later announced that these discussions had been 
terminated. The discussions included BHP Billiton's 4] 3% 
share of the Nimba project and exploration leases in Guinea, 
as well as four leases in Liberia. The merger of assets would 
have included ArcelorMittal's five Liberian leases and rights to 
upgrade an existing railway and Panamax port (BHP Billiton 
Ltd., 2010a; Hotter, 2010). | d 
Cliffs completed the acquisition of Wabush Mines from ad 
two other joint-venture partners—U.S. Steel Canada т 
Ontario, Canada) (a subsidiary of U.S. Steel) and Arcelor 
Dofasco (Hamilton, Ontario, Canada) (a subsidiary i 
ArcelorMittal). The Wabush Mines acquisition include a 
mine, rail, concentrating, pelletizing, and port ine а m 
Newfoundland and Labrador, and Quebec mu | : 
The $88-million purchase increased Cliffs’ ownership 


Mines has à 
‘ons to 100% from 26.8%. Wabush 
the operations to 0 алкил (Ми) 


roduction capacity of 5.6 million ЖЕ 
ind about 70 Mt of iron ore reserves (Cliffs Natural Res 
Inc., 2009; 2010b). ея 

Mitsubishi Corp. (Tokyo, apan 

in Compañía Minera del Pacífico (CMP) o 
subsidiary of Compañía de Acero del Pacífic т рей 
Chile)]. Mitsubishi funded a $400 million Ee CMP has 
CMP for a total acquisition cost of $978 PI sey facilities 
several Chilean iron ore mines, plants, and a! "n 
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as well as mineral rights to several iron ore deposits in Chile 
(Gardner, 2010). 

[n April, sorne analysts expressed the opinion that the 
proposed merger of BHP Billiton and Rio Tinto appeared to be 
unlikely. Problems with competition commissions in Australia, 
China, and the EU hampered proceedings. A reevaluation of 
the equalization payment to Rio Tinto for the merger indicated 
that payments may be undervalued. There was a $275 million 
penalty to either party if they cancelled the agreement, did not 
recommend the transaction to shareholders, or did not uphold 
exclusivity provisions of the agreement. In October, BHP 
Billiton and Rio Tinto agreed to dissolve the proposed joint 
venture of their Western Australian iron ore assets (BHP Billiton 
Ltd., 20105; Tredway, 2010а). 

[n August, Xstrata Plc (Zug, Switzerland) made a $383 
million offer for all the shares in Sphere Minerals Ltd. (West 
Perth, Australia). Sphere Minerals owned three iron ore 
properties in Mauritania—Guelb el Aouj (joint venture with the 
State-owned producer), Askaf, and Lebtheinia. Sphere Minerals 
had planned to develop the Askaf deposit in stages—2 Mt/yr 
beginning in 2012 and ramping up to 6 Mt/yr in 2016 (Tredway, 
2010b). 


World Review 


Afghanistan.—The Government of Afghanistan decided to 
rebid the 1.8-Gt Hajigak iron ore deposit about 100 kilometers 
(km) west of Kabul. Rumors about the initial bid concerning 
lack of transparency, low interest, and the exclusion of a 
downstream integrated steelmaking facility option were all 
factors in the decision to rebid the project (Skillings Mining 
Review, 2010). 

Australia. —Development of iron ore and other mineral 
reserves reportedly may have been threatened by imposition of 
a resources super-profits tax. BHP Billiton estimated that such 
а 40% federal tax would increase its overall tax burden to 57% 
from 43%. Several companies indicated that such a tax increase 
would cause them to cancel projects or move investments 
overseas. BHP Billiton, Fortescue Metals Group Ltd. (East 
Perth, Australia), and Rio Tinto placed Australian projects 
on hold to evaluate the effects of the new taxes on project 
economics (Creagh, 2010; Metal Bulletin, 20108. 

BHP Billiton announced full-year production figures for 
2010. BHP Billiton's share of salable quantities of iron ore (wet) 
were as follows (Australia, unless otherwise specified)—Area 
C Joint Venture (JV) (8596 owned), 39.5 Mt; Goldsworthy JV 
(5576 owned), 1.5 Mt; Mount Newman JV and Jimblebar (8596 
22. Samarco (Brazil) (50% owned), 11.7 Mt; and 

m : (85% owned), 38.2 Mt. ВНР ВШИоп?з share of total 
s Ine production was 128 Mt, a 9% increase from that of 

? (BHP Billiton Ltd., 2010c, p. 4; 2011a, p. 4). 

! ce continued work on its Rapid Growth Project 5 
un av ich would facilitate ongoing development of port, 
ME diee: Mine Infrastructure. RPG 5, a $4.80 billion 
dg with engineering 99% complete and construction 89% 
plete by yearend 2010, was expected to add 50 Mt/yr to 


A) capacity by the second half of 2011 (BHP Billiton Ltd., 
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Rio Tínto announced full-year production figures for 2010. 
Rio Tinto's share of salable quantities of iron ore plus pellets 
were as follows (Australia, unless otherwise specified)— 
Channar (6096 owned), 6.6 Mt; Eastern Range, 9.2 Mt; 
Hamersley, 112.7 Mt; Hope Downs (50% owned), 15.9 Mt; Iron 
Ore Co. of Canada (ТОС) (Canada; 58.7% owned), 8.6 Mt; and 
Robe River (5396 owned), 31.6 Mt. Rio Tinto's share of total 
world mine production was 184.6 Mt, an 8% increase from that 
of 2009 (Rio Tinto plc, 2011). 

Rio Tinto's Pilbara region iron ore production reported a 
substantial increase mainly resulting from the 2010 startup of 
the Mesa A/Warramboo Mine. Rio Tinto approved $200 million 
in funding to prepare for the expansion of its iron ore operations 
in Western Australia. The initial funding was for dredging 
contracts to establish an additional 1.8 km, four-berth jetty and 
wharf at Cape Lambert as part of its overall plan. The broader 
plan included the expansion of the mines in the Pilbara and 
development of additional port capacity at Dampier and Cape 
Lambert in order to expand iron ore operating capacity to 330 
Mt/yr by 2016 (Rio Tinto plc, 2010a, p. 2, 9). 

After losing a court case, Fortescue Metals agreed to pay 
Zodiac Maritime Agencies Ltd. (London, United Kingdom) $78 
million for suspending a charter contract for the transport of 
iron ore in 2008. This attempt to lock in shipping rates for its 
Western Australian iron ore at much lower levels than originally 
contracted brought Fortescue's total damage payments to 
shipping companies to $151 million (Mining Journal, 20102). 

The Australian Competition Tribunal ruled on June 30 that 
third-party access to Rio Tinto's Hamersley and BHP Billiton's 
Newman rail lines was not in the public interest (Australian 
Journal of Mining, 2010). 

China's Sinosteel Midwest Corp. and the Karara joint venture 
between China’s Anshan Iron and Steel Group and Australia’s 
Gindalbie Metals Ltd. (Perth) agreed to share infrastructure and 
mine services. The sharing of facilities was expected to enhance 
project economics and develop synergies between the Karara 
iron ore project and Sinosteel's Koolanooka/Blue Hills project 
in Western Australia. Sinosteel expected to begin operation 
of a 1.5-Mt/yr hematite mine before the end of F ebruary. The 
Ansteel-Gindalbie joint venture expected to begin producti 
Karara in 2011 (Mining Journal, 2010c). кн 
о yl of pda 

| | ported by Brazil's Vale 
In 2010, Vale's reported iron ore production was 307 8M | 
(includes Vale's 5096-joint venture in Samarco)—an te 
of 29% compared with that of 2009. Vale’ h REF 
44 S share of salable 
quantities of iron ore was as follows, in decreasin ord 
tonnage—Southeastern System, 116.9 Mt: Саг pu | 
Southern System, 74.7 Mt; Samarco, 10.8 Mt i d th 2 Mt; 
created Midwestern System (comprised of бо. he newly 
Urucum), 4.2 Mt. Vale pellet production in 2010 à and 
Mt (includes Vale's 50%-joint venture in Sama 2. 
50.89% ownership in Hispanobras)—more FW - and Vale's 
company's pellet production of 2009. The е ашо ie 
quantities of iron ore pellets was as follows, in d 5. it Sen 
т. ae PEE аи 10.8 МЕ М, order 
ubaráo I and II, 5.4 Mt: i (7.0 МЕ 
t; Vargem Grande, 5.2 Mt; Kobrasco, 
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4.7 Mt; São Luís, 4.5 Mt; Fábrica, 3.8 Mt; Itabrasco, 3.6 Mt; and 
Hispanobras, 1.9 Mt (Vale S.A., 2011, p. 2-3). 

MMX Mineracáo e Metálicos S.A. (Rio de Janeiro) 
announced plans to invest $2.9 billion to increase iron ore 
production at its Serra Azul and Bom Sucesso Mines in 
southeastern Minas Gerais State. The planned increases would 
significantly lower production costs at the Serra Azul Mine 
(Millard, 2010). 

Canada.—IOC [owned jointly by Labrador Iron Ore Royalty 
Income Fund (15.196), Mitsubishi Corp. (26.18%), and Rio 
Tinto (58.72%)] produced 2.8 Mt of iron ore concentrates 
and 11.9 Mt of iron ore pellets. ArcelorMittal Mines Canada 
(formerly Québec Cartier Mining Co.) produced 15.1 Mt of 
iron ore concentrates and pellets. Wabush Mines Ltd. (owned 
by Cliffs as of December 31, 2010), which no longer publicly 
reports production by individual mining entities, had produced 
2.7 Mt of iron ore pellets in 2010; Bloom Lake Partnership 
[owned 75% by Consolidated Thompson Iron Mines Ltd. 
(Montreal, Quebec) and 25% by WISCO Ltd. (a wholly 
owned subsidiary of WISCO)] produced 3.0 Mt of iron ore 
(ArcelorMittal, 2011, p. 30; Cliffs Natural Resources Inc., 
2011a, p. 7; Labrador Iron Ore Royalty Corporation, 2011, p. 4). 

The board of directors of IOC approved a new investment of 
$400 million to increase annual iron ore concentrate capacity 
in 2012 to 22 Mt from 18 Mt. The original project expansion 
d in 2008 owing to the global economic downturn. 
The revised total project cost for the IOC first stage expansion 
was $497 million, of which some costs had been spent prior 
to the earlier suspension of the project (Rio Tinto plc, 2010b). 
IOC's overall production was affected by the increased pellet 
entrate ratio during the second quarter. The ке total 

roduced resulted from the weight loss in transforming 
2. to higher value pellets (Rio Tinto р/с, 2010d, p. 3). 

Consolidated Thompson shipped its first iron ore | 
concentrate—165,000 t, to WISCO in China—from its Bloom 
Lake Mine in northeastern Quebec. The shipment was made 
from Consolidated Thompson’s new port facilities at Pointe 
Noire in Sept Iles, Quebec. Consolidated Thompson planned to 
ship 8 Mt/yr from the mine, which has the potential to expand 
to 16 Mt/yr capacity. Consolidated Thompson entered into 
an offtake agreement with a subsidiary of SK Group (Seoul, 
Republic of Korea) to purchase 1 Mt/yr of iron ore concentrates 
for a 10-year period (Consolidated Thompson Iron Mines Ltd., 


2010a, b). 
Labrador Ir 


was cancele 


to conc 


on Mines (LIM) Holdings Ltd. (Toronto, 2) 
that construction on the James iron ore mine in the 
—— Quebec was nearly complete. Mine production 
was scheduled to begin in April 2011 and more than 2 Mt of 
direct-shipping ore was expected to be mined in 201 1. LIM 
expected plant construction to be completed during the first 
uarter of 2011 (Labrador Iron Mines Holdings Ltd., 2010). | 
| Guinea.—Rio Tinto signed a memorandum of understanding 
with Aluminum Corporation of China Ltd. (Beijing, China) 
(Chinalco) that would establish a joint venture to develop and 
ate the Simandou iron ore project (Simandou blocks 3 and 
a) With an investment of $1.35 billion, Chinalco would obtain 
а 165% interest in the project (Rio Tinto plc, 20104, р. 2—3). 
In late July, Rio Tinto signed a binding agreement with Chinalco 
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to establish a joint venture to develop and operate the project. 
The mine was expected to begin operation within 5 years and 
was expected to produce 95 Mt/yr at full capacity. In early 
August, Rio Tinto approved $170 million in further funding for 
the Simandou iron ore project. Funding was for mine, rail, and 
port infrastructure work and was additional to the $650 million 
already spent on exploration, community development, and 
evaluation studies (Rio Tinto plc, 2010c). 

Vale acquired a majority stake in its own Simandou iron ore 
project (Simandou blocks 1 and 2) in Guinea for an estimated 
$2.5 billion. Vale acquired 51% of BSG Resources Ltd. (St. 
Peter Port, United Kingdom), which holds iron ore concessions 
in the Simandou Sul region (Fick, 2010). Vale entered into 
an agreement with the Liberian Government to develop 
infrastructure for the transport and export of iron ore from its 
Simandou project in Guinea (note that this project is different 
from Rio Tinto's Simandou project in Guinea). Vale planned to 
establish a 50-Mt/yr iron ore mine at Simandou by 2014, with 
production planned to begin between 10 Mt/yr and 15 Mt/yr 
in 2012. The estimated cost for the project was more than $5 
billion (Metal Bulletin, 2010h). 

Iran.—Annual iron ore and iron ore concentrate exports were 
increased by 27096 compared with those of fiscal year 2009. 
In the fiscal year ending April 20, 2010, its exports of iron ore 
and concentrates were 1.19 Mt, of which more than 97% was 
delivered to China (Metal Bulletin, 20101). 

Liberia.—ArcelorMittal restarted a planned $1.5 billion iron 
ore mine startup that had been delayed since 2009 owing to 
the downturn of the global economy. ArcelorMittal planned 
to make its first iron ore shipment from the Nimba Mine in 
2011; construction and development work started during 2010 
(Reuters, 2010). Ж 

Oman.—Vale agreed to sell 30% of Vale Oman Pelletzing 
Company LLC (VOPC) to Oman Oil Company S.A.0.C., which 
is wholly owned by the Government of Oman. The VOP — 
pelletizing plant was scheduled to begin production in 2011 with 
a production capacity of 9 Mt/yr of direct reduction pellets (Vale 
S.A., 2010; 2011). 

Saudi Arabia.—London Mining plc (Lon | 
Kingdom) released an updated feasibility study for the Wadi 
Sawawin iron ore project in northwest Saudi Arabia. London 
Mining estimated that capital expenditures for the 5-MUyr i 
project would total $2 billion, which would include power 
desalinization plants. Operating costs were estimate 0-5] 
per metric ton of DRI pellets produced. The project Wr я м 
joint venture between London Mining and Saudi-base ий 
Mining Co. Further feasibility work was planned ү! а vro 
resource estimate and to increase annual capacity 10 
DRI pellets (Mining Journal, 2010b). | е 
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might close its Saldanha steel plant, 40 km north of Cape Town. 
Ш Amsa lost control of a 21.4% stake in minerals rights to the 
Sishen iron ore mine earlier in 2010 when it failed to convert 
Hi: ію mineral rights to the mine (Metal Bulletin, 20102; Anglo 
Ін American plc, 2011). 

Sweden.—Luossavaara-Kiirunavaara Aktiebolag's (LKAB) 
(Luleå) iron ore pellet production increased to 22.1 Mt from 
14.7 Mt in 2009. Pellet production was most of the total, 

md although 3.2 Mt of fines and minor special products were 
produced, a slight increase in production of this material 
from 3.0 Mt in 2009. LKAB announced Kiruna's proven ore 
reserves to be 579 Mt at 48.796 iron content, and probable 
ore reserves of an additional 79 Mt at 46.296 iron content. 
The company reported Malmberget's proven ore reserves to 
be 270 Mt at 42.596 iron content, and reserves at the newly 
opened Gruvberget Mine to be 10 Mt at 53.2% iron content. 
LKAB announced plans for three new open pit mines in the 
Svappavaara area and new strategy to increase mine production 
to 37 Mt/yr within 5 years (Luossavaara-Kiirunavaara 
Aktiebolag, 2011, p. 5—6, 19). 


Outlook 


ij’ Although a small portion of the production recovery for 
м" 0.5, iron ore has been inventory building, iron ore production 
ШІ. has returned to tonnages seen before the 2008-09 economic 
downturn, and steel production also has been recovering from 
i the downturn. Most U.S. iron ore production is sold directly to 
Wi the domestic steel industry, although a large amount of domestic 
i= оге is shipped to Canada, and small amounts are generally 
ib exported to other countries. Neither the domestic dependence 
іё nor the pattern of exports to Canada is expected to change in the 
near future, although changes in ownership of some steel plants 
Ke have led to minor changes in the countries from which iron 
W ore is imported. For example, with the sale by Severstal of the 
i Sparrow's Point (Baltimore, MD) steel plant, it is expected that 
p Поп ore imports currently received from Russia and the Ukraine 
p will be sourced either from Brazil or Canada. 

Trends in the steel industry are provided in the “Outlook” 
| section in the Iron and Steel chapter of the 2010 USGS Minerals 
yi Yearbook, volume I, Metals and Minerals. The development of 
Projects, using new and existing direct reduction technology 
being developed in northern Minnesota, was expected to 
encourage growth of the U.S. iron ore industry within the next 
few years, as developments such as Steel Dynamics' Mesabi 
Nugget project comes to full production and Essar Steel's 
Minnesota Iron project is built, 
| China's gross domestic product is expected to maintain 
1. than 8% annual growth rate through 2015 with 
bans growth potential in the intensity of steel use in the 
n d of the country (Brooks, 2011 ‚р. 9-10). It is 
NUR н rising exports from other countries will displace 
кз : igh cost Chinese ore exports through 2015, with 
fre; SERA Ore gaining market share with respect to sinter 
Mist. қ MX 15 an example of one of the many smaller 
with plans 7 anning to take advantage of growth potential 
E DoH e production fourfold during the next 5 
- abib, 2011, p. 5-7, 33). Larger companies and 

regions have plans in place to also take advantage of 
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this potential growth for the next several years. Brazil 's Vale 
anticipates doubling its 2010 production of run-of-mine iron 
ore by 2017, and projections for Canada's iron ore production 
indicate that iron ore production in that country may double by 
2014 (Palmiere, 2011, p. 5; Valadao, 2011, p. 5). 

With the collapse of iron ore benchmark prices in 2010, two 
pricing mechanisms are developing—an iron ore index, such as 
IODEX, and a historic basis, such as the previous quarter minus 
1 month (3-month basis). The historic basis, which averages 
prices for a 3-month period, does not reflect actual pricing 
during short time periods when there is high price volatility. 
Index prices are now being considered that will extend iron 
differential pricing to all grades, lump, and pellets; establish 
alumina and silicon differentials; and use formulas to model 
price escalators (Browne, 2011, p. 19). 

New developments in DRI technology, as well as growth 
in the DRI market share, would allow the iron ore industry to 
become a major supplier to an expanding DRI sector, as well as 
to existing customers—the integrated steel plants. Coastal U.S. 
steel producers already rely on imported DRI to supply a quality 
raw-material input to help meet steel alloy purity specifications, 
which cannot be obtained solely using traditional scrap. 
However, even in the event of strong global DRI growth during 

the next decade, DRI would be able to replace only a small 
portion of the world's blast furnace production. Although no 
new "greenfield" pig iron facilities have been built in the United 
States in the past 30 years, and owing in part to the continued 
slow growth in the DRI market, the blast furnace, with its need 
for an assured supply of iron ore, is expected to remain the 
mainstay of the iron and steel industry in the immediate future. 
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TABLE 1 
SALIENT IRON ORE STATISTICS! 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2006 2007 2008 2000 200 
United States, iron ore, usable, less than 596 manganese:? 
Production | _ 52,100 52,500 53,600 26700 49900 
Shipments: | | uin ЫР 
Quantity 52,700 50,900 53,600 27,600 50,600 
Value 2,840,000 3,040,000 3,770,000 2,560,000 5,000,000 
Average value at mines dollars per metric ton 53.88 59.64 70.43 92.76 98.79 
Exports: 
Quantity 8,270 9,310 11,100 3,920 9,950 
_ Value. 636,000 718,000 1,240,000 356,000 1,090,000 
Imports for consumption: Ни BEN M Е | | 
Quantity 11,500 9,400 9,250 3,870 6,420 
Value БЫН 611,000 543,000 918,000 376,000 703,000 
Consumption, iron ore and agglomerates — 58200 54,700 51,900 31,000 42,300 
Stocks, December 31, at mines, plants and loading dock: 1,650 | 2,090 4,070 5,060 3,470 
Additional stocks, December 31: | | | | | 
Crude ore at mines and plants* 1,140 749 947 580 734 
... Unagglomerated concentrates for pelletizing plants | 1,260 — 1,550 1,320 896 949 
World, production? 1,830,000" 2,040,000 2,210,000 — 2,230,000 ' 2,590,000 € 


"Estimated. "Revised. 

‘Data are rounded to no more than three significant digits; may not add to totals shown. 
"Direct-shipping ore, concentrates, agglomerates, and byproduct ore. 

"Excludes byproduct ore. 


4 
Crude ore stocks and unagglomerated concentrates for pelletizing plants removed. Marketable stocks only. 
*Gross weight. 


TABLE 2 
EMPLOYMENT AT IRON ORE MINES AND BENEFICIATING PLANTS, QUANTITY AND TENOR OF ORE PRODUCED, AND AVERAGE 


OUTPUT PER WORKER HOUR IN THE UNITED STATES IN 2010, BY DISTRICT AND STATE! 


a em mnm 


| Production | 
7 | _ Iron contained Iron Average quantity per worker hour 
Average Crude ore ^ Usableore in usable ore content (metric [00 - 
u Number number of Worker hours (thousand (thousand (thousand natural 00 Ды 
= District and State of mines employees Е (thousands) metric tons) tric t | Crude ore Usable ore contained 
Lake Superior: ” ELS ) тегіс tons) metric tons) ^ (percent) Сти 
MICI: 2 1,340 3,080 37,600 12,500 7,570 60.5 12.20 406 24 
Minnesota 7 3,380 7010 128,000 37,400 23.700 63.4 18.21 p. 
___ Total or пев 9 4,720 10,100 165,000 | 49,900 Е 31,300 => Rom ver 4.94 3.10 
Other States 4 58 i53 А , ih , : on 0.10 0.10 0.05 
AM юа! Е 470 — 10200 165000 49,900 31,300 627 1618 MEL 38 | 
ага аге г ее 222% Е s ud ИН 21,300 2. 
аиа ci ници er warar cue ву ls 
3 DP mines, pelletizing plants, maintenance shops, or research lab workers. 
Includes California and South Dakota. | | 
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TABLE 3 
USABLE IRON ORE PRODUCED IN THE UNITED STATES IN 2010, BY DISTRICT, 


STATE, AND TYPE OF PRODUCT "* 


(Thousand metric tons) 


Д 


Direct | Other 
3 
District and State — shipping ore Concentrates Sinter agglomerates | Total. 


Lake Superior: 


| 


2 12,500 12,500 


Д _ Michigan -- - 
a Minnesota т 30 79 37,000 37,400 
2 Total = 310 79 49,500 49,900 
Other States" = 12 - - 12 
|. Grand total = 322 79 49,500 49,900 
4 -- Zeto. 
'Excludes ore containing 5% ог more manganese. 
- Data are rounded to no more than three significant digits; may not add to totals shown. 
Г Data may include pellet chips, screenings, and sinter. 
| ‘Includes California and South Dakota. 
TABLE 4 
SHIPMENTS OF USABLE IRON ORE FROM MINES IN THE UNITED STATES IN 2010"? 
Average 
Gross weight of ore shipped iron 
(thousand metric tons) content, 
w uu Direct Other natural Value 
. . District and State — shippingore Concentrates Sinter agglomerates Total ^ (percent) (thousands) 
Lake Superior: setup roca ec c M 
_Michigan — - -. > 11,900 11,900 60.5 Ww 
Minnesota -- 310 75 38,400 38,800 634 W 
Total reportable or average -- 310 75 50,200 50,66 E 
а ЕН | ,600 62.7 
Other States? " 12 55,000,000 
о йи ч 
_ Grand total or average - 32 75 50,200 50,600 627 5,000,000 
Pur Ar ХУУЗУ 


id Withheld to avoid disclosing company proprietary data; included in “Total reportable or average.” -- Zero, 
Includes byproduct ore. Excludes ore containing 5% or more manganese. 

‘Data are rounded to no more than three significant digits; may not add to totals shown. 

Includes California and South Dakota. 
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TABLE 5 
IRON ORE-PRODUCING MINES IN THE UNITED STATES IN 2010 


State and mine County Operator Source of iron ore 
California: 
Baxter Mine San Bernardino Hahm International Inc. Quarried ore. 
Dredge 21 Yuba Cal Sierra Development Inc. Dredged sands. 
Silverlake Mine San Bernardino Hahm International Inc. Quarried ore. 
Michigan: 
Empire Marquette Cliffs Natural Resources Inc. Magnetite taconite ore. 
Tilden do. do. Hematite-magnetite taconite ore. 
Minnesota: Е 
Hibbing Taconite Saint Louis B do. Magnetite taconite ore. 
Keewatin Taconite do — United States Steel Corporation Do. 
Mesabi Chief Plant do. — Magnetation, Inc. Hematite tailings. 
Minntac do. United States Steel Corporation — Magnetite taconite ore. 
Minorca do. ArcelorMittal Do. 
_Northshore do ^ Cliffs Natural Resources Inc. Do. 
United Taconite do. do. Do. 
South Dakota, CF & 1 Pit Lawrence . Pete Lien & Sons Inc. Quarried ore. 
Do., do. Ditto. 
TABLE 6 


CONSUMPTION OF IRON ORE AT U.S. IRON 
AND STEEL PLANTS, BY TYPE OF PRODUCT! 


(Thousand metric tons) 


Type of product 2009 2010 
Blast furnaces: i 
Direct-shipping ore == 45 


Pellets mE 26,200 36,000 
Sinter? Е | 3,720 5,090 

Total 29900 41,100 

Steelmaking furnaces: 

Direct-shipping ore - 327 408 
Sinter? 91 136 
. Total 417. 544 
„Стапа total 30,300 ' 41,700 


"Revised. -- Zero. 


| 
Data аге rounded to по more than three significant 
digits; may not add to totals shown. 


2 | 
Includes briquettes, nodules, and other. 


Source; American Iron and Steel Institute. 
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TABLE 7 
U.S. CONSUMPTION OF IRON ORE FOR 


DIRECT-REDUCED IRON AND NONSTEEL END USES!” 


(Thousand metric tons) 


Direct-reduced 


iron for Nonsteel 
Year steelmaking” end uses* Total 
2006 360 867 1,230 
2007 375 699 1,070 
2008 390 734 1,120 
2009 -- 603 603 
2010 -- 616 616 


-- Zero. 

Data are rounded to no more than three significant digits; 
may not add to totals shown. 

?Includes agglomerates. Excludes ore containing 596 or more 
manganese. 


30.8, Geological Survey estimates based on production 
reports compiled by Midrex Corp. 


^An estimate, which includes iron ore consumed in production 
of cement and iron ore shipped for use in manufacturing 
paint, ferrites, heavy media, cattle feed, refractory and 
weighing materials, and for use in lead smelting. 


TABLE 8 
U.S. EXPORTS OF IRON ORE, BY COUNTRY OF DESTINATION"? 


(Thousand metric tons and thousand dollars) 


2009 || 20100 
Country Quantity Value Quantity | Value 

Belgium 194 518,600 107 814,900 
Canada 3,060 276,000 8,110 896,000 
China 99 5.800 725 51,800 
Colombia 20 1,210 9 899 
Finland | = = 35 3,440 
France Е 179 17,200 236 33,000 
Germany | 234 22,00 341 47,700 
Mexico — 0 70 8,730 188 15,900 
Serbia == - 44 5,980 
Singapore (3) 5 5 31 
South Africa 53 5,050 -- -- 
Spain -- -- 156 21,800 
Sweden 6 427 -- -- 
Other* 7' | 498' 2 210 
Total 0 3,920 356000 9,950 1,090,000 


‘Revised. -- Zero. 

'Data are rounded to no more than three significant digits; may not add 
to totals shown. 

"Includes agglomerates. 

"Less than % unit. 


*Includes all countries with less than 5,000 metric tons of exports from 
the United States in 2009 and 2010. This represents 16 countries in 
2009 and 7 countries in 2010. 


Source: U.S. Census Bureau. 


алкан 


TABLE 9 
U.S. EXPORTS OF IRON ORE, BY TYPE OF PRODUCT? 


2009 2010 
| — Unt Unit 

Quantity value^ ^ Quantity value? * 
(thousand Value (dollars per (thousand Value (dollars per 
Type of product metric tons) (thousands) metric (оп) metric tons) (thousands) metric ton) 
Concentrates 123 57,850 63.84 391 530,200 77.20 
Coarse ores 4 182 45.50 259 13,500 52.21 
Fine ores Е 25 1,560 62.52 78 9,990 128.09 
Pellets 3,760 346,000 92.10 9,220 1,040,000 112.61 
Briquettes ——— — 3 259 86.33 5 31 6.20 
Other agglomerates (5) 22 80.00 | 82 82.00 
Roasted pyrites | | 71 71.00 | 104 104.00 
Total 3 920 | 356 ,000 90.97 9,950 1,090,000 109.70 


Data аге rounded to no more than three significant digits, except unit value; may not add to totals shown. 


Includes agglomerates, 


Unit values shown are calculated from unrounded data. 


‘Weighted average calculated from unrounded data by dividing total value by total tonnage. 


‘Less than ^ unit. 


Source: U.S. Census Bureau. 
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TABLE 10 
U.S. IMPORTS OF IRON ORE, BY COUNTRY AND TYPE OF PRODUCT"? 


Ne 0 MEME 7 EE 
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Unit Unit 
Quantity value? Quantity value? * 
Country and (thousand Value (dollars per (thousand Value (dollars per 
type of product metric tons) (thousands) metric ton) metric tons) (thousands) metric ton) 
Country: | 
Brazil 188 $13,100 69.65 506 $65,400 129.28 
Canada 3,140 323,000 102.70 4,490 471,000 105.04 
Chile 203 16,100 79.14 131 15,500 118.08 
Finland 6 367 61.17 -- - -- 
Мехїсо 55 4,610 83.73 138 12,400 89.55 
Реги 34 1,670 49.03 16 1,370 85.50 
Russia 136 8,240 60.60 606 69,900 11535 . 
South Africa 43 2,980 69.23 -- -- -- 
Sweden 31 3,190 102.74 54 7,240 134.07 
Trinidad and Tobago = = = 120 17,200 142.14 
Ukraine -- -- -- 95 13,700 143.78 
United Kingdom 8 1,630 203.75 -- -- - 
Venezuela 21 825 39.29 251 28,600 113.98 
Other? 8 226 ' 28.25 ' 12 615 51.25 
Total 3,870 376,000 96.97 6,420 703,000 109.59 
Type of product: 
Concentrates 283 22,300 78.95 652 78,600 120.50 
Coarse ores 16 2,330 145.50 36 4,160 115.61 
Fine ores 466 34,900 74.91 628 76,000 121.02 
Pellets 3,100 315,000 101.90 5,100 544,000 106.77 
Briquettes 4 159 39.75 4 178 44.50 
Other agglomerates 3 104 34.67 -- та; = 
Roasted pyrites 6 367 61.17 1 4 4.00 
Total 3,870 376,000 96.97 6,420 703,000 109.59 


'Revised. -- Zero. 

Data are rounded to no more than three significant digits, except unit value; may not add to totals shown. 
"Includes agglomerates. 

"Unit values shown are calculated from unrounded data. 

‘Weighted average calculated from unrounded data by dividing total value by total tonnage. 

"Includes all countries with less than 5,000 metric tons of imports to the United States in 2009 and 2010. 
This represents 3 countries in 2009 and 6 in 2010. 


Source: U.S. Census Bureau. 
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TABLE 11 
U.S. IMPORTS OF IRON ORE IN 2010, BY COUNTRY AND TYPE OF PRODUCT"? 


(Thousand metric tons) 


Briquettes 
Coarse Fine апа other Roasted 

Country of origin Concentrates оге ores Pellets agglomerates pyrites — Total 
Brazil 295 G) 135 76 - -- 506 
Сапада (3) - 394 4,090 -- -- 4,490 
Chile 0 131 ы Сы = - - Bi 
Mexico | 117 - 2l = 2 - 138 
Peru | = - 16 E = - 16 
Russia m E - = 606 T - 606 
Sweden | | КЕ E 54 z КЕ "s 54 
Trinidad and Tobago (3) is m 120 - zs 120 
Ukraine i S. 25 ЕН 95 T = 95 
Venezuela | | 108 36 m 107 = = 251 
Other" | а - 7 = 4 ! р 

Toa 0 652 36 68 5000 4 0201-6420 
-- ?его. 


1 . . neat 

Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes agglomerates. 
"Less than % unit. 


4 А А Р Е . . 
Includes all countries with less than 5,000 metric tons of imports to the United States. This represents 
Six countries. 


Source: U.S. Census Bureau. 


TABLE 12 
AVERAGE UNIT VALUE FOR SELECTED IMPORTS OF IRON ORE IN 2010! 


Average unit value? 
(dollars per metric ton, 


Type of product E Country of origin gross weight) | 
Concentrates о Brazil 123.95 
КИЧИ ne T^ 
Do _ | | Мехїсо MN | Е 77.11 
„Бо 0 _ Venezuela 169.95 
Fine ores — Iun ME II 135.35 
Doe 0 _ Canada 114.89 

Do. Mexico |^ 1 5 - |. 160.49 
.De ^» — - ___ Sweden B NC — 135.00 
cc END IU EM 138.90 
НЕ Do. Xo дү : mE Canada mE Е С mE 104.09 
Lo KM Rusia — 0/00 Е 115.36 
И . Trinidad and Tobago 0 14308 
De — E Ukraine сс 143.08 
_о 0Ҙ Venezuela = —e——— 65.52 
Do. Ditto баа зы du ам La 10994 


' Includes agglomerates, 


2 Я jo е 
. "Weighted averages of individual customs values. 


Source: U.S. Census Bureau. 
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TABLE 13 


U.S. IMPORTS OF IRON ORE, BY CUSTOMS DISTRICT"? 


(Thousand metric tons and thousand dollars) 


2010 


Quantity | Value 


_ 2009 

__ Customs district | Quantity Value 
Baltimore, MD _ 781 567,400 
Charleston, SC __ 6 151 
Chicago, IL 637 45,000 
Cleveland, OH 1,860 213,000 
Columbia-Snake, OR © -- -- 
Detroit, MI | - - 
EI Paso, TX с 1 
Houston-Galveston, TX 38 3,510 
Los Angeles, CA (3) l 
Minneapolis, MN : — -- 
Mobile, AL | 28 2,270 
New Orleans, LA : 465 41,400 
New York, NY -- -- 
Nogales, АЛ 00 3 175 
Norfolk, VA 02 и а 
Ogdensburg, NY 18 325 
Philadelphia, PA 6 367 
Port Arthur, TX _ 8 1,630 
Seattle, МА | 28 513 
St. Albans, VT | н 
Total 3,870 376000 2 
-- Zero. | MEM 


1,980 — $200,000 


569 74,700 
2,740 300,000 
21 3,370 
(3) 11 
55 3,000 
76 10,500 
(3) 3 
179 24,500 
788 87,200 
(3) 4 

| 42 

8 169 

3 348 
(3) 13 


_ 6,420 703,000 


"Раца are rounded to no more than three significant digits; may not add to 


totals shown. 
“Includes agglomerates. 
"Less than % unit. 


Source: U.S. Census Bureau. 


TABLE 14 


U.S. IMPORTS OF PELLETS, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


2009 2010 
Country Quantity Value Quantity Уаш 

Brazil |. 38 $3,510 76 $10,500 
Canada 2,900 303,000 4,090 426,000 
Peru 5 283 s - 
Russia 136 8,240 606 69,900 
Trinidad and Tobago | = “ 120 17,200 
Ukraine с is 2 95 13,700 
Venezuela 21 825 107 7,020 
Total. 3,100 315,000 5,100 544,000 
-- Zero. 


"Data are rounded to no more than three significant digits; may not add 


to totals shown. 


Source: U.S. Census Bureau. 
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TABLE 15 
IRON ORE: WORLD PELLETIZING CAPACITY, 


BY CONTINENT AND COUNTRY IN 2010! 


Rated capacity, 
gross weight 
(million metric tons) 
North America: — — 

Canada = = 215. 
Mexico 15.0 * 
United States 57.4 ' 

Total Hu 99.9 


South America: 


Brazil 56.0 * 
Chile | 5.3 
| Peru | ERE | MM 3.5 
Venezuela 11.8 * 
Total 766 . 


Europe and Central Eurasia: 


Kazakhstan 8.4 € 
> Netherlands ss 44* 
Russia 31.4° 
Slovakia 04 
Sweden a 242 ' 
Turkey mM 15° 
Ukraine i 33.5 < 
Тоа 00 13038 
Asia: | 
Bahrain ——— 1,0" 
China — 110.0 *' 
India Е 207 ' 
ШІСІ 12.3 * 
Japan | | 3.0 * 
Total —— | | 190 | 
Oceania, Australia — 00 4.3 * 
Grand total = 441.6 


“Estimated ‘Revised. 


"Раја may not add to totals shown because of 
independent rounding. 


Sources: International Iron and Steel Institute; United 
Nations Commission on Trade and Development, Trust 
Fund on Iron Ore Information; U.S. Geological Survey. 
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TABLE 16 
IRON ORE: WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons) 
Н ИИ Metal conten 00, 
Country" 2006 2007 2008 2009 2010: 2006 2007 2008 2009 2010 
Algeria 2,340 1,982 2,077 1,307" 1,699 1180 1,030" 1,050 700 786 
Australia 275,000 299,000 342,000 394,00 433,000 171,00 194,000 209,000 228,000 271,000 | 
Austria 2,093 2,153 2,033 2,002 ' 2,050 É 669 689 650 641 ' 658 
Azerbaijan 11 18 28 - - 6° 9° 14 * = s 
------------------- r T 
Bosnia and Herzegovina 1,888 " 1,614! 1,482 ' 1,615 ' 1,600 793 ' 678 622" 678 672 
ГЕТЕ 317,800 354,674 350,984" 310,000" 370,000 211,020 235,504 233,000" 199,200 240,000 
Canada! __ 33,543 32/744 32,102" 31,704" 3700196 21341 20,751" 20,3007 20,000"° 23,300 
Chile — 8,628 8,818 9,316 8,242 ' 9,1306 5,235 5,379 5,670 5,006 5,852 ° 
China“ ê 601,000 707,000 824,000 880,000 1,070,000 198,000 233,000 270,000 280,000 332,000 
Colombia 644 624 473' 281 ' 77° 360 ' 341 ' 300 ' 154 *° 42 
Cuba 8 3 - - - 4* 2* = = = 
Epp — 1,600 665! 773" 1,80! 1,000 800 335 ' 390 ' 890 ' 500 
Germany? 416" 422 455 364" 390 44 44 48% 38 ' 41 
Greece | 1,500 1,500 1,500 1,500 1,500 575 575 575 570 570 
Guatemala 7 31 (11) 5 25 2" 6' a1)" 1" (11) 
India 177,000 ° 207,000" 215,000" 225,000 ° 230,000 113,000" 126,000" 138,000" 144,000 "* 147,000 
Indonesia Е 88 61 65 * 45 ' 466 50 35 37 * 25' 26 
Ba OO 26,244 31,5385 32,000 26,0007 28,000 13,000 15,000 15,000 12,000" 13,000 
Kazakhstan — 22263 — 23,834 21,486" 22,281" 242296 12,00 13,600 12,200" 12,700" 134006 
Keys | | а! an" (11) ' an" (11) 1)" an” an” ap' (11) 
Korea, North 5,040 5,130 5,136° 5,300" 5,300 1,400 1,400 1488^ 1,500" 1,500 
Korea, Republic of 227 291 366 455° 513 ° 155 163 205 274 ' 308 
Macedonia‘ 10 ке ЫР. zs = 6 = E - = 
Malaysia 667 802 982 1,470 ' 3,466 $ 380 * 457 * 560 * 838^* 10766 
Mauritania 10,658 11,817 10,950" 10,2707 11,000 6,0281 7,2807 7120" 6680" 7150 
• 13 г 6 | 
Медо 10,983 10,916 11,688 11,677 13,998 6,590 6,550 7,013 7,007" 8400 
Mongolia ——— 180 265 1,387 1,379" 32036 116 170 888 883^* 20616 
о Ж 9' 9" 9“ 31° 45 6 5' ET 5" o кү 
ави 2,146 1,723 2,020 2,092 ' 2,4396 1,220“ 982* 1,200 1200" 1,400 
Nigeri?  — 88 6 58 ° 626 50 50 32 21 23 16 16 
и 620 620 668 711 712 420 400 * 430 * 460 * 460 
Pakistan 130 207 250 270 * 290 65 104 125 * 135° 145 
Peru 7,138 7,614 7,823 6,698 9,160 4,862 5,186 5.244 4490' биду 
Portugal — 14 14 14 14 14 10 10 10 » | б 
Romania 123 45 40 
Russia 102,000 105,000 99,00 92,000 101,000 59,100 ° 60,400 — 57800* 53200: Е 
Slovakia 583 570 392 2" m 198 194 133 | Шы 
7 = 
South Africa” 41326 42083 48,983 55,313 58,709 ° 26,000 26,500" 30200: 34.800 ' Е 
Sweden 23300"  24700* 23800 17700 25300 — 15000* 16000“ 1420 1150 1200 
Thailand ———00— 264 1,555 2,029" 1401" 1400 132 779 ss pum 16,400 
Tunisia о 214 180 211" 151" 165 5 112° 94 don ae 800 
_ | | 
D ОЕ 3785 4849 4,697" 4170" 4500 20002 2600 ^ 2509* 32005 36 
Ju 74000 72900 72,688" 66476 01716 40,700 °  42800*  40999* д. 2,400 
United Kingdom (11) (11) ° (11) - -- (11) ү ТЫ | 36,600 " 43 000 
| Е (11) 25 
ББ States 52,700 52,500 53,600 26,700 49,900 ° 33,300 33100 33,800 7 
e , , 
асса enun: _ 22,100 20,700 20,650 ° 14900 14,000 14,500 13,600 13,6 б 31,300 
See footnotes at end of table. | —— RM a es 9800 $200 
IRON ORE~2010 
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TABLE 16—Continued 
IRON ORE: WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons) 


Gross wei ght” 


MEE Metal content" үй 

Country? 2006 2007 2008 2009 20000 206 207 208 209 206 
Vietnam — — — — — 1,005 100 — 1000 _ 1,000 1000 510° 530 530 530 530 
Zimbabwe" 104 6 100 50 as - 52 SO 236 —ё > 

_ Total 1,830,000" 2,040,000 2,210,000 2,230,000' 2,590,000 964000" 1,070,000 1,130,000 1090000" 128000 - 


“Estimated. Preliminary. ‘Revised. -- Zero. 


"Estimated data and world totals are rounded to no more than three significant digits; may not add to totals shown. 
?Table includes data available through July 22, 2011. 


Insofar as availability of sources permit, gross weight in this table represent the nonduplicative sum of marketable direct-shipping iron ores and iron ore 
concentrates; iron agglomerates produced from imported iron ores have been excluded under the assumption that the ore from which such materials are 
produced has been credited as marketable ore in the country where it was mined. 

Data represent actual reported weight of contained metal or are calculated from reported metal content. Estimated figures are based on latest available iron 
content reported, except for the following countries for which grades are U.S. Geological Survey estimates: Azerbaijan, Kazakhstan, North Korea, and Ukraine 

*In addition to the countries listed, Uganda may also produce iron ore, but definitive information on output levels, if any, is not available. 
°Reported figure. 

"Series represented gross weight and metal content of usable iron ore (including byproduct ore) actually produced, natural weight. 


*China's gross weight iron ore production figures are significantly higher than that of other countries, because China reports crude ore production only with an 
average iron content of 3396, whereas other countries report production of usable ore. 


"Iron ore is used domestically as an additive in cement and other construction materials but is of too low a grade to use in the steel industry. 
“Nickeliferous 1 iron ore. 


Less than № unit. 
Рав are for year beginning March 21 of that stated. 


13 
Gross weight calculated from reported iron content based on grade of 60% iron. 
"Concentrates from titaniferous magnetite beach sands. 


Pakistan iron ore is based on a July-to-July fiscal year and 5 


076 of production is used from each reported year. 
Includes manganiferous iron ore. 


Includes magnetite ore as follows, in thousand metric tons: 2006—3,830; 2007— 3,781; 2008--3,987; 2009—4, 725: and 2010--5,474. 
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IRON OXIDE PIGMENTS 
By Arnold O. Tanner 


Domestic survey data were prepared by Hoa P. Phamdang, statistical assistant, and the world production table was prepared 
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by Lisa D. Miller, international data coordinator. 


In 2010, natural iron oxide pigment (IOP) production in the 
United States decreased slightly compared with that of 2009. 
U.S. production data are withheld to avoid disclosing company 
proprietary data. Finished natural and synthetic IOPs sold by 
processors increased to 54,700 metric tons (t) valued at $80.7 
million in 2010 from 50,800 t valued at $74.0 million in 2009. 
Exports of all grades of IOPs and hydroxides increased to 
slightly more than 54,000 t valued at $51.4 million in 2010 
compared with 17,000 t valued at $34 million in 2009. Imports 
of natural and synthetic IOPs increased to 151,000 t valued at 
$167 million in 2010 compared with 106,000 t valued at $127 
million in 2009. 


Production 


Natural IOPs, probably the most important of the natural 
minerals suitable for use as pigments after milling, are low cost, 
color stable, and nontoxic. They are derived from hematite, 
which is a red iron oxide mineral; limonite, a mineral that varies 
from yellow to brown, such as ochers, siennas, and umbers; and 
magnetite, a black iron oxide mineral. Synthetic IOPs are widely 
used as colorants and compete with natural IOPs in many color 
applications. They are manufactured using three methods: 
thermal decomposition of iron salts or iron compounds; 
precipitation of iron salts, usually accompanied by oxidation; 
and reduction of organic compounds by iron. Organic colorants 
are used for some colorant applications but several of organic 
compounds fade over time from exposure to sunlight. 

U.S. production data for crude (natural) IOPs sold or used in 
2010 were developed from a U.S. Geological Survey (USGS) 
voluntary survey of three companies, of which two responded. 
These data collected through the USGS survey are withheld 
lo avoid disclosing company proprietary data. With a slight 
тш in production, sales remained less than 50,000 t in 

In a second voluntary USGS survey, production data for 
finished (natural and synthetic) IOPs received from seven of 
eight known processing operations, represented 9094 of the 
tonnage shown in table 1. Data for the nonrespondent was 
estimated on the basis of prior-year levels of output and industry 
trends. Based upon this survey, sales of finished pigments were 
54,700 tin 2010, up from 50,800 t in 2009. Production data for 
finished IOPs are collected only from operations that process 
material, such as the crushing and grinding of natural IOPs, or 
that synthesize IOPs, not operations that simply blend, mix, 
repackage, and (or) resell ТОР material. 

At least four U.S. companies, operating nine plants, produced 
regenerated iron oxide during steelmaking (table 2). [ron 
oxide is obtained during steelmaking when steel is treated 


with hydrochloric acid to remove surface oxides. Iron oxide is 
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formed when the spent pickle liquor is treated to recycle the 
acid. Regenerated iron oxide data were not included in table 1 
because it must be processed before it is suitable for use in 
typical iron oxide pigment applications. 


Environment 


Iron Oxide Recovery, Inc. (a subsidiary of Hedin 
Environmental, Mt. Lebanon, PA) processed iron sludge 
collected from acid mine drainage as part of the Upper Latrobe 
abandoned mine drainage treatment project near Unity, 
Westmoreland County, PA. The sludge was collected from a 
passive treatment system of three settling ponds created by 
directing water from a borehole drilled to a 43-meter deep 
pooling of the mine drainage. Drainage from three separate 
discharges had been polluting Loyalhanna Creek, a popular 
fishing and recreation area. The sludge was to be processed into 
à dry powder and sold as a natural pigment for cements, mulch, 
paints, paper, and plastics. The remediation and landfill disposal 
costs were eliminated in an environmentally safe manner and 
resultant product sales fully financed costs (Panian, 2010). 


Consumption 


End-use data for IOPs are not surveyed by the USGS or 
other organizations. Will (2008, p. 12) estimated that world 
consumption of natural IOPs and synthetic IOPs was 167,000 t 
and 1.13 million metric tons (Mt), respectively, in 2006. More 
recent data are unavailable, but the global economic downturn 
since 2008 likely resulted in decreased consumption of IOP in 
2008 and 2009 as may be inferred by the decrease In reported 
world production of natural IOPs in 2009. In 2010 consumpti 
of natural IOPs likely increased as compared with that of di 
2009 based upon reported increases in world production. U 
for natural IOPs were estimated to be construction materi = 
(48%), coatings (42%), other unspecified applications (7% | 
ceramic, glass, paint, paper, and plastic applications (3% ) i omn 
for synthetic IOPs were estimated to be construction m | ns 
(48%), coatings (24%), other unspecified applications Ze 
and ceramic, glass, paint, paper, and plastic 5. 4 | 

Construction materials included concrete product Z2" 
as block, brick, or segmental retaining wall units: ad 
paving stones; precast products of various sizes o 
ready-mixed concrete; and roofing tiles. IOPs ar 
exclusively to color decorative concrete. The tj 4 d 
often Lan so that it resembles brick slate ns 
m | | i 
cia TN forms found in nature, including 

Sales of IOPs in these cons | : 
experienced lingering ыы аы 
in domestic and foreign constru - 


rtar; 
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the United States, construction starts for new privately owned 
housing increased to 587,000 units in 2010 from 554,000 units 
in 2009 but were significantly lower than the 906,000 units 
started in 2008 (U.S. Census Bureau, 2011b). The value of all 
residential and commercial construction, both of which use 
tinted brick and concrete products, again decreased to $804 
billion in 2010 from $903 billion in 2009 and $1.07 trillion in 
2008 (U.S. Census Bureau, 2011a). 

The second largest market for IOPs is as a tint in paints and 
coatings. The paint and coatings market experienced a modest 
increase in shipments in 2010 owing to increased construction 
and manufacturing activity, including those of the automobile 
industry. This followed decreased shipments in 2009 from those 
of 2008 owing to decreased construction and manufacturing 
activity during the economic recession. Shipments of total paint 
and allied products (comprising architectural coatings, original 
equipment manufacture product coatings, special-purpose 
coatings, and miscellaneous allied paint products) were 4.26 
billion liters (1.13 billion gallons) in 2010 compared with 4.0 
billion liters (1.06 billion gallons) in 2009 and 4.55 billion 
liters (1.2 billion gallons) in 2008 (U.S. Census Bureau, 2011c). 
Other end uses of IOPs included colorants for ceramics, glass, 
paper, plastics, rubber, and textiles; in foundry sands; industrial 
chemicals, such as catalysts; animal feed; cosmetics; ferrites; 
fertilizers; and magnetic ink and toner. 

A major end use for regenerator iron oxides was ferrite 
ceramic magnets. There are two types of ferrites—hard, which 
retain magnetism permanently, and soft, which do not. Hard 
ferrites are used in flexible magnets, generators, loudspeakers, 
and motors. Uses of soft ferrites include computers, cores 
for radio frequency coils, inverter cores, memory cores, 
microwave communication systems, microwave ferrites for 
telecommunications, pot cores, rectangular modulus cores, 
television deflection yokes, and other industrial applications. 

Rockwood Pigments NA, Inc. introduced а new generation 
IOP, SolaroxTM, which responds to sunlight, enabling 
surfaces to inhibit microbial growth, reduce air pollutants, 
and self-clean. Working with the University of Turin in Italy, 
Rockwood Pigments developed a process to merge [OPs with 
the photocatalytic properties of titanium dioxide. Solarox, 
attractive for its environmental properties, is suitable for use in 
construction materials such as concrete masonry, pavers, plaster, 
stucco, roofing materials, wall renderings, and decorative 
concrete; it was available in the complete range of black, red, 
and yellow IOP shades and could be blended into brown, buff. 


gold, and tan color combinations (Rockwood Pigments NA 
Inc., 2010b). | 


Prices 


The annual average producer price index (PPI) for IOPs under 
North American Industry Classification System code 325131-72 
was 202.1 іп 2010 (1983-1 00) compared with 200.2 in 2009. 
The PPI ranged between 192.7 and 213.9 in 2010, with the 
high being reached in December and the low in May. The PPI 
measured the average change in the selling prices charged by 
domestic producers of IOPs over time (U.S. Bureau of Labor 
Statistics, 2011). Unit values for finished natural and synthetic 
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IOP sold by domestic producers ranged from $0.32 to $3.45 per 
kilogram, with an average unit value of $1.08 per kilogram. 

LANXESS AG, a leading world producer of natural and 
synthetic IOPs, raised prices in the spring by as much as $135 
(EUR 100) per metric ton and in December by up to $147 
(EUR 110) per metric ton. The company cited increasing raw 
material costs, investments made to address environmental 
protection issues and maintain product quality, and rising 
energy and freight costs as the primary reasons for the increases 
(LANXESS AG, 2010b). 

Rockwood Pigments, with manufacturing sites in Australia, 
China, France, Germany, Italy, the United Kingdom, and 
the United States, announced global price increases of 5% 
to 10% for selected products in its full range of natural and 
synthetic IOPs. Following 2 years of stable pricing, Rockwood 
Pigments cited increased raw material costs, energy prices, and 
transportation charges as reasons for the increases (Rockwood 
Pigments, NA, Inc., 20102). 


Foreign Trade 


While commercial construction, a major market for IOP 
colorants in concrete, remained weak in the United States and 
much of Europe in 2010, U.S. exports of IOPs rose significantly. 
Exports of all grades increased to most world markets, 
especially to Asian markets, where economic recovery was 
taking place at a faster pace than in other regions. 

U.S. exports of pigment-grade IOPs and hydroxides in 2010 
totaled 9,500 t valued at $17.0 million, up from 5,640 t valued 
at $15.5 million in 2009. China was the leading destination of 
pigment-grade IOPs, accounting for 3496 of U.S. exports, and 
Mexico was second with 21%. The average unit value of exports 
of pigment-grade IOPs and hydroxides was $1.79 per kilogram 
in 2010, down from $2.74 per kilogram in 2009 (table 3). 

Exports of other grades of IOPs and hydroxides rose to 
44,700 t valued at $34.4 million in 2009 compared with 11,300 
t valued at $18.5 million in 2009. China, Canada, and Spain, 
in descehding order, were the major destinations for exports of 
other grades of IOPs and hydroxides, accounting for 84% of 
the export tonnage. China, Spain, Canada, and Hong Kong, ІП 
descending order, accounted for the largest increases in exports 
of other grades of IOPs. The average unit value of exports of | 
other grades of IOPs and hydroxides was $0.77 per kilogram т 
2010, down from $1.63 per kilogram in 2009 (table 3). 

U.S. imports of IOPs rose more than 40% to 151,000 t 
valued at $167 million in 2010 from 106,000 t valued at $127 | 
million in 2009 (tables 1, 4). Unit values of imports of ais 
hydroxides ranged from $0.50 to $2.06 per kilogram, depen Ing 
on the type and grade. The average unit value of all IOP Р 
imports combined was $1.10 per kilogram in 2010 compare 
with $1.19 per kilogram in 2009. Micaceous IOP imports Р 
declined slightly, but their average unit value doubled. Impo 
of natural IOP grades averaged $0.71 per kilogram m 2010, " 
compared with $0.56 per kilogram in 2009. The leading sou 
was Cyprus, with 65% of the tonnage, followed by France 
with 12%. Synthetic IOP import grades averaged $1.11 A 
kilogram in 2010 compared with $1.20 per kilogram 1n 2 1 
The leading sources of synthetic IOP imports were China Wi 
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53% of the tonnage; Germany, 25%; Brazil, 7%; and Canada, 
5%. Following the significant declining trend of 2007-09, the 
increase in imports showed some evidence of a possible increase 
in construction activity in the United States in 2010 (table 5). 


World Review 


Sixteen countries reported production of natural IOP in 2010. 
Production increased in Germany, India, and South Africa, 
decreased in Pakistan, and remained unchanged in most other 
countries (table 6). Production in Germany included synthetic 
IOP. A number of other countries, including Azerbaijan, China, 
Honduras, Kazakhstan, Russia, and Ukraine, produce iron oxide 
pigments, but output, probably substantial, was not reported and 
no basis was available for estimating output levels. 

In the European Union, a decline in spending in the 
construction industries slowed in 2010 to less than 296, much 
less than 2008-09 levels. Consumption of construction-focused 
pigments in 2010 was more than that of 2009, although less 
than that of 2007-08. Emerging markets, such as Africa, Brazil, 
China, and India, increased their consumption of pigment 
minerals. Traditional markets, such as Europe and the United 
States, are needed for the pigments industry to return to prior 
levels because many emerging countries remain much smaller 
volume markets (Roberts, 2011). LANXESS performed process 
and plant optimization to increase production and expand IOP 
production capacities at all of its Brazil, China, and Germany 
sites (LANXESS AG, 20102). 

In a study of the European coatings industry, Information 
Research Ltd. identified factors that continued to influence the 
market for pigments in the coatings industry. These included the 
elimination of heavy metals and heavy-metal salts as pigments 
and ап increase in competitively priced high-performance 
pigments from the Far East. Inorganic pigments, although 
losing some appeal owing to barium, cadmium, or chromium 
content, continued to be preferred where heat, light, and 
chemical resistance properties were required. Growth in most 

Sectors of the paint pigments market was between 296 and 4%. 
Innovation in the pigment industry in Europe is being driven 
by Increasingly restrictive legislation, changing formulation 
practices, and increased use in functional applications (Paint and 
Coatings Industry, 2010). 

China.—China increased its IOP production in the past 
5 to 6 years, decreasing its dependence on imports from the 
United States. A rising demand for IOPs in China mainly was 
driven by the country's ongoing urbanization. Higher levels of 
construction activity and economic recovery from the global 
recession resulted in increased imports of IOPs from the United 
States in 2010 from those of 2009 (particularly for other grades 
of IOPs and hydroxides), but they were still only about one-half 
the levels of several previous years (table 3). 

LANXESS began producing black iron oxide pigments at its 
"d unit In Jinshan, Shanghai Province. The new 10,000-metric- 

п-рег-уеаг (tyr) plant is adjacent to the company's 28,000 
Uyr yellow iron oxide production unit. The company was 
coping new markets for the bluish type of black IOPs in 
i Asia/Pacific region including Australia, China, and India. 
Мм within a closed-circuit and 

r treatment plant, resulting 
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in the reduction of wastewater generated compared with similar 
production units in the region. The new unit recycled byproducts 
from other processes into high quality black IOPs. In April 
2010, LANXESS completed phase I of technical improvements 
to the yellow iron oxide production unit, allowing that plant to 
run at full capacity. Phase 2 improvements (begun in 2009) were 
designed to reduce that plant's emissions by at least 15% and 
were scheduled for completion in 2011. While able to service 
customers globally, both plants principally supplied Asian 
markets (LANXESS AG, 20102). 

Spain.—Promindsa SA, which set a company record by 
selling 15,000 t of iron oxide in 2009, anticipated sales of 
17,000 to 20,000 t in 2010. Of 2009 sales, 8796 was exported 
to 57 countries. The Santa Rosa Mine, an underground mine 
outside Zaragoza, consists of a seam of hematite with an 
average purity of 85% to 90% Fe,O, at depths of up to 250 
meters. Promindsa sold its iron oxide as a red pigment for use 
in paints, roof tile, brick, and asphalt, but recently entered new 
markets with products for use in glass and ceramics (Moores, 
2010). 


Outlook 


IOP production increased slightly worldwide in 2010 from 
that of 2009, reflecting a small recovery from the global 
economic recession, which caused decreased construction 
activity and lower demand for IOPs for coloring concrete and 
paint, the two major markets for IOPs. 

Rockwood Pigments, a major global IOP producer, indicated 
that, following declines in sales of surface treatment and colored 
concrete products in North America and Europe in 2008-09, net 
sales stabilized somewhat in European markets in 2010, similar 
to 2008 levels, but remained lower in North America. Although 
the company was concerned that a continued slowdown in the 
construction industry in North America might negatively impact 
its results in 2011, having had overall increased sales of coatin 
products in 2010, Rockwood Pigments expected the upward : 
trend to continue in most market sectors in 201] (Rockwood 
Holdings, Inc., 2011, p. 38). 

Despite only modest recovery of the Construction sector in 
western industrialized countries, LANXESS? pigment prod 
sales rebounded in 2010. The company expected IOP dem | 
continue to increase in 2011, especially as a result of Tem 
In construction in some emerging markets and developin id 
нар such x China and India, where the United Nonus 
reported a trend tow izati 
2 ron ard urbanization (LANXESS AG, 2011, 

International Monetary Fund (1 
2012 were mostly Шоо я -— Е 
to grow about 4.5% each year, with offsetting us 
various economies—advanced 
2.596 and emerging and develoni , 

(International Moreen Fund, Т Mage iin Ш 6.5% 

economy may result in increased ОУУ in к 2 the global 
2011-12. In North America, ОР market 4 сеш 
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TABLE 1 
SALIENT U.S. IRON OXIDE PIGMENTS STATISTICS! 


5 __ 2006 2007 2008 2009 2010 
Crude pigments sold or used: 

Quantity metric tons | W W W W W 

Value . thousands W W W W W 
Finished pigments sold*? —— | | 

Quantity metric tons | .. 70,300 88,100 83,300 50,800 54,700 
Vale — — thousands — $69,300 $122000 $116,000 $74000 580,700 
Exports? — EE | 77777 
uum metric tons 3,100 5.410 4,740 5.640 9,490 
-Vale — — thousands — $8,090 ^ $15,900 $12100 $15,500 $17,000 
Imports for consumption: ED | mE 

Value D — merictons _ 199000 178909 — 155,000 106,000 151,000 
— -2e thousands $159,900 $154,000 — $164,000 $127,000 $167,000 


“Estimated. W Withheld to avoid d 


| 
Data are rounded to no more than 
Өе 
Mined. 


? Natural (mined) and synthetic, 
*Pigment grade. 
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ШЇ, 
| TABLE 2 
PRODUCERS OF IRON OXIDE PIGMENTS AND REGENERATED IRON OXIDES 


thy 
Mahe IN THE UNITED STATES IN 2010 
ШТУ Producers Plant location 
ШАТЫП Crude pigments: ч 
Alabama Pigments Co., LLC Green Pond, AL. 
OUS: Hoover Color Corp. Hiwassee, VA. Кей 
ШУ New Riverside Ochre Co., Inc. Cartersville, GA. 
Finished pigments: | р | | 

бр _ Alabama Pigments Co., LLC Green Pond, AL. 
Axes . Dynamic Color Solutions, Inc. Milwaukee, WI. 
T . Hoover Color Corp. Hiwassee, VA. 

T LANXESS Corp. " New Martinsville, WV. 

ЫШ Е New Riverside Ochre Co., Inc. Cartersville, ДА. _ В 

mai Prince Minerals, Inc. Quincy, IL; and Bowmanstown, PA. 

б. Rockwood Pigments NA, Inc. Beltsville, MD; Cartersville, GA; King of Prussia, PA; 


Los Angeles, CA; and St. Louis, MO. 


CEN 


Regenerator iron oxides: 


0 American Iron Oxide Co.! Allenport, PA; Portage, IN; and Rockport, IN. 
. ArcelorMittal Weirton Inc. Weirton, WV. Я 
Bailey-PVS Oxides, L.L.C. Decatur, AL; Fairfield, AL; and Delta, OH. 
ah . International Steel Services, Inc. Bums Harbor, IN; and Warren, OH. 
| г 
| Division of International Steel Services, Inc. 
Ril 
TABLE 3 
à ; U.S. EXPORTS OF IRON OXIDES AND HYDROXIDES, BY COUNTRY! 
Ш\Л» 
" A и Аи 
а Pigment grade Other grade 
2009 2010 _ 200. o — "Ad —— 
i Quantity Value Quantity Value Quantity Value Quantity Value 
Ші au Ny... (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) — (metric tons) (thousands) 
" аала 166 $512 443 $1,220 5 $39 70 $74 
p Belgium | 700 3,360 862 3,630 54 389 19 109 
y Ва 235 1,210 172 883 105 222 274 595 
In әне o 61 81 61 114 6,800 11,800 9,390 15.400 
| ЩЧ сз... 2,280 2,360 3,250 2,730 190 436 22.600 5 2 
| Нас с 78 488 44 144 18 111 35 Pe 
Germany —— 54 140 47 69 79 547 59 22 
HongKong С 165 517 389 1,050 44 131 936 о 
p NN 30 154 71 277 21 74 19 56] 
а саса 42 144 43 165 520 441 483 В 
а 60 82 56 109 19 16] ; 613 
Korea, Republic of 662 3,910 E A 138 437 : 92 
о 472 420 1,970 1,440 2,130 1,310 2 р 
pan 29 93 65 143 as | _ 2 00 1,540 
T 44 217 161 716 23 193 P 0 
United Kingdom 112 493 159 681 285 745 > 26 
Dro | 427" — 1,80* 1,690 3,600 871*.— 1340" | 521 1,540 
о. 5640 15,500 9,490 17,000 11,300 18.500 450 2,940 
Revised. -- Zero, : 44,700 34,400 
| kd 
Data are rounded to no more than three significant digits; may not add to totals shown. 
Source: U.S. Census Bureau. 
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TABLE 4 


U.S. IMPORTS FOR CONSUMPTION OF SELECTED IRON OXIDE AND HYDROXIDE PIGMENTS, BY TYPE! 
————| e ee i ER 


Principal sources, 2010 
(metric tons) 


$1,160 Cyprus, 2,180; Spain, 135. 
1,230 France, 414; Germany, 208; China, 147; Austria, 137. 


2009 2010 
Quantity Value? Quantity Value? 
Type (metric tons) (thousands) (metric tons) (thousands) 
Natural: 
Earth colors" 862 $440 2,330 
Micaceous 1,040 633 1,030 
Total 1,900 1,070 3,360 2,390 
Synthetic: 
Black 25,100 36,600 34,200 38,900 
Red 40,700 41,200 62,900 63,500 
Yellow 37,500 45,300 49,100 58,700 
Other" 1,250 2,770 1,520 3,130 
Total 105,000 126,000 148,000 164,000 
Grand total 106,000 127,000 151,000 167,000 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


2Customs value. 


3tacludes those earth colors not elsewhere specified or included. 


^mcludes synthetic brown oxides, transparent oxides, and magnetic and precursor oxides. 


Sources: U.S. Census Bureau and the U.S. International Trade Commission. 
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TABLE 5 
U.S. IMPORTS FOR CONSUMPTION OF IRON OXIDE AND IRON HYDROXIDE PIGMENTS, BY COUNTRY’ 
аи m 27 Natural | и | | Synthetic 
2009 2010 | | 2000 Дә 2010 
^ Quantity Value” Quantity Value" Quantity Value? Quantity Value” 

Country (metric tons) (thousands) (metric tons) (thousands) (metric tons) | (thousands) (metric tons) (thousands) 

қ 208 $247 137 $197 3 $52 6 $61 
Aust) шз f H 3 2 2,340 1,640 14 85 
Belgium __ ы " 25 ^ 7,970 8,810 10,100 11,900 
Ваа. B E (з) 9 1,520 3,260 7,830 3,560 
Сш. Po 20 14 158 166 48,400 44,300 78,300 73,800 
china __ E 8 » is 1,400 1,880 2,020 2,460 
Colombia — 686 332 2,180 1,030 -- -- -- =- 
Cyprus — 163 127 414 326 148 520 166 998 
France 37 42 208 268 29,600 38,100 37,300 44,300 
Some аы (3) 2 35 163 7,510 13,000 6,420 12,200 
tay ___- ЗА -- l 1] 3,870 12,600 3,620 12,700 
арп edens 786 285 219 164 241 192 308 193 
SPUR a ~~ -- -- -- 356 76 285 47 
Sweden. .— 24 5 53 1,100 _ 1550 1,400 1,900 
= 1.900 1070 3,360 2390 105000 126,000 148,000 164,000 

о Ж» а dud mS E 222. AR 
n c . E . о 
"Рава are rounded to no more than three significant digits; may not add to totals shown. 
?Customs value. 
JLess than % unit. 
Sources: U.S. Census Bureau and the U.S. International Trade Commission. 
INERALS YEARBOO 
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Germany, 12,000; China, 7,870; Canada, 6,850; Italy, 3,520; Japan, 3,500. 
China, 44,400; Germany, 14,700; Italy, 1,250; Colombia, 1,220. 
China, 25,400; Germany, 10,600; Brazil, 10,100. 
China, 588; Canada, 455; Mexico, 272. 


К--2010 
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TABLE 6 
NATURAL IRON OXIDE PIGMENTS: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 


Е 
Шаға (Metric tons) 
| 
Country’ 2006 2007 2008 2009 - 2010 
Dues Austria 5,000 5,0007 5,000 4,000 "© 4,000 
Brazil 2,000 2,000 2,000 2,000 2,000 _ 
y Cyprus umber 12,000 — 12,000 — 12,000 12,000 12,000 
France 2,791 * 2,800 2,800 2,800 2,800 
Germany? 242,264 240,310 251,412 209.172 233,909 * 
у. India, ocher 370,000 375,000 380,000 385,000 390,000 
mbi | Iran 2,600 2,600 2,600 2,600 2,600 
Italy 500 500 500 | 500 500 
Lithuania 4 4 _ 4 4 4 
Pakistan, ocher 5,500 6,000 6,000 6,200 ' 6,000 
Paraguay, ocher 250 — 250 250 250 22250 — 
South Africa 590 * 232 * 394 183 244 
Зрат, осћег 140,000 140,000 140,000 140,000 140,000 
Turkey? 206,000 260,000 220,000 100,000 100,000 
United Kingdom, iron oxides 
and hydroxides’ _ 8,913 * 8,000 8,000 8,000 8,000 
United States W W W W W 
‘Revised. W Withheld to avoid disclosing company proprietary data. 
' Estimated data are rounded to no more than three significant digits. 
"Table includes data available through April 20, 2011. 
За addition to the countries listed, a number of others undoubtedly produce iron oxide pigments, but output is not 
reported and no basis is available for formulating estimates of output levels. Such countries include Azerbaijan, 
у China, Honduras, Kazakhstan, Russia, and Ukraine. Unreported output is probably substantial. 
22 "Reported figure. 
БЕ *Production includes natural and synthetic iron oxide pigments. 
ЖЕ "Production includes micaceous iron oxide pigment and earth paints. 
ш "Includes iron oxide pigments. 
| 
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KYANITE AND RELATED MATERIALS 
By Arnold O. Tanner 


Domestic survey data and tables were prepared by Forest H. Morgan, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


The United States continued to be the world's leading 
producer of kyanite and mullite (calcined kyanite), with 
production estimated to be about 93,000 metric tons (t) in 2010 
(table 3). Production of synthetic mullite in the United States 
was an estimated 40,000 t. Andalusite was mined and marketed 
as part of a mineral mixture at one U.S. operation, but data were 
withheld to avoid disclosing company proprietary data. There 
was no reported U.S. production of sillimanite. Refractory 
products continued to be a major end use for kyanite and related 
materials. 

This report includes information on andalusite, kyanite, 
and sillimanite (all of which have the formula ALSiO,), and 
mullite and synthetic mullite (3A1,0,°2SiO,). The first three 
minerals are the primary minerals of what is referred to as the 
kyanite group, especially in the United States where kyanite is 
prevalent, but are also known collectively (including natural 
mullite) as the sillimanite minerals. Mullite typically is the most 
desired of these minerals because of its superior refractory (heat 
resistant) properties and high strength, but it is rarely found 
in nature in quantities that are economical to develop. Mullite 
can be made by calcining kyanite at a high temperature (for 
example, above 1,450 °C), and synthetic mullite typically refers 
to mullite made by calcining certain mixtures of alumina- and 
silica-containing minerals and materials, including bauxite and 
kaolin, at similarly high temperatures. 


Production 


Kyanite Mining Corp. (KMC), which has been mining the 
kyanite deposits in central Virginia since 1945, was the sole 
U.S. producer of kyanite and kyanite-derived mullite. KMC 
Operated two open pit mines, the East Ridge Mine and the Willis 
Mountain Mine, in Buckingham County, and beneficiated the 
ore into a marketable kyanite concentrate. The company also 
had two kilns at its Dillwyn, VA, facility, the Gieseke Plant, at 
Which kyanite was converted into mullite. U.S. production data 
reported to the U.S. Geological Survey (USGS) were withheld 
to avoid disclosing company proprietary data. KMC produced 
grade of kyanite, Virginia Kyanite, which contains between 
5% and 60% А1,0,. A second product, Virginia Mullite, which 
C described as “a true mullite, not a synthetic blend,” 
m by calcining kyanite (O’ Driscoll, 20106). In 
ae 1. tof kyanite was reported produced in the United 
| s S Was ап Increase of about 34% compared with the 
5 е production of 71,000 t in 2009 and nearing a return 
© Production leve] of 97,200 t in 2008 (Lassetter, 2010, 
= ч estimated value of kyanite produced in the United 
: n 2010 Was nearly $28 million, an increase of about 
^ Compared with a revised estimate of $21 million in 2009. 
E Was based Upon an estimated average unit value for raw 
Worked kyanite that remained at about $300 per metric ton 
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compared with that of 2009. KMC’s mullite product contained 
about 80% mullite (Kyanite Mining Corp., 2006). C-E Minerals, 
Inc. (part of Imerys SA Group) produced synthetic mullite from 
calcined bauxitic kaolin near Americus, GA, that contained up 
to 87% mullite (C-E Minerals, 1997). Based on nongovernment 
estimates from previous years, U.S. production of synthetic 
mullite of about 40,000 t in 2010 had an estimated value of 
about $12 million. 

KMC estimated that reserves at its two Virginia mines would 
last for 50 to 75 years. During the economic slowdown in 2009, 
KMC reengineered and replaced the iron reduction stage of 
its beneficiation process to produce a higher quality kyanite 
through significant removal of the iron in its product while 
also increasing recovery of kyanite and production capacities 
(O'Driscoll, 201 0b). 

In response to increasing demand, C-E Minerals restarted all 
its kilns in Andersonville, GA, in late 2009, and in early 2010, 
brought onstream a new sintered mullite rotary kiln, which 
added 75,000 metric tons per year (t/yr) to the company’s 
existing production capacity (O’Driscoll, 2010a). 

Piedmont Minerals Co., Inc. in Hillsborough, NC, mined a 
deposit containing andalusite combined with pyrophyllite and 
sericite. The company sold products containing blends of the 
three minerals to producers of ceramics and refractories. 


Consumption 


Kyanite increases in volume by 16% to 18% when calcined 
to mullite and can be used in its raw concentrate form in a 
refractory mixture to offset the shrinkage on firing of other 
components, especially clays. Andalusite expands irreversibly 
by about 4% to 6% when calcined and can be used directly in 
refractories in its raw state (Dickson, 2006; Lassetter, 2007). 

In other refractory applications, kyanite concentrate is calcined 
to mullite before being added to refractory mixes if the volume 
increase of the kyanite is not required in the mix. Mullite is 
resistant to abrasion and penetration of deleterious dusts, gases, 
and slags. It also has beneficial creep resistance, which limits 
physical deformation under load at high temperatures (Roskill 
Information Services Ltd., 1990, p. 56, 63). 

Examples of refractories that contain andalusite, kyanite, 
or mullite include insulating brick, firebrick, kiln furniture, 
refractory shapes, and monolithic refractories (made of a 
single piece or as a continuous structure), including castables 
(refractory concrete), gunning mixes, mortars, plastics, and 
ramming mixes. 

Monolithic refractories are supplied in unfired and unshaped 
form, in contrast to prefired and preshaped brick products, 
and may be gunned, hand packed, molded, poured, pumped, 
rammed, or vibrated into place (Moore, 2004). 


[гоп and steel production continued to be the leading user 
of refractories. World and U.S. crude steel output increased by 
about 15% and 38%, respectively, in 2010 from that of 2009, 
following decreases of 7% and 36%, respectively, in 2009 
from that of 2008. The leading steel-producing countries and 
their shares of 2010 steel output of 1.41 billion metric tons 
were China, 4496; Japan, 896; the United States, 696; Russia, 
5%; India, 5%; the Republic of Korea, 4%; and Germany, 3%. 
These countries accounted for more than 1.05 billion metric 
tons of steel production in 2010, representing а 14% increase in 
production from the same countries compared with that of 2009 
(World Steel Association, 2011a). Other refractories users were 
the nonferrous metal and glass industries (Sweet, Dixon, and 
Snoddy, 2006). Other end uses of kyanite and related materials 
included brake shoes and pads, electrical insulating porcelains, 
foundry use, precision casting molds, sanitaryware and 
whiteware, and other products (Kyanite Mining Corp., 2006). 

KMC found its traditional markets for kyanite strengthening 
and gradually coming back from the weakened markets of the 
economic recession of late 2008 and 2009, and the company 
was experiencing success in some new markets, such as | 
ceramic foam filters and refractories for aluminum production 


(O'Driscoll, 2010a). 


Foreign Trade 


"mated one-third of U.S. kyanite and mullite output was 
NM of the material imported into the United States in 
2010 was from France and South Africa and was presumed to be 
andalusite (table 2). In 2010, imports of andalusite decreased by 
55% compared with those of 2009. No U.S. imports of kyanite 


or sillimanite were reported in 2010. 


World Review 

a continued to be the leading producing country 
of andalusite, with an estimated 240,000 t produced in me 
(table 3). France produced an estimated 65,000 t of anda usite. 
Although China is thought to be a producer of andalusite, 
kyanite, and sillimanite, detailed production data have been 
unavailable since 2003 (O'Driscoll, 2010b). India was e 
primary producer of sillimanite, with an estimated 16,80 | 

of sillimanite, and also produced 7,800 t of kyanite in 201 . 
Countries that are thought to be producers of 2. ps ч 
[sintered mullite and (or) fused ages ете e Brazil, А 


апу, Hungary, and Japan (Taylor, 2 
"~ cestode markets in China, India, and Japan, the steel 


industry used 70% to 75% of the tonnage. Two of the world’s 
largest refractories companies reported that the steel industry 
accounted for about 60% of their annual sales worldwide 


(Semler, 2007a). 
In addition to th 
industry, a steady decline o 
refractory bauxite from Chin 
interest in the development o 


(O’ Driscoll, Mike, 201 0b). | 
Peru.—1n northern Peru, andalusite resources that were 


within unconsolidated sand and gravels of the Tablazo Mancora 
nd other unproven mineral resources were being 


South Afric 


e steady resurgence in the world's steel 

f inexpensive and readily available 
a contributed to an increasing 

f resources of sillimanite minerals 


flood plain a 
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evaluated. Andalusita S.A. (a subsidiary of Refractarios 
Peruanos S.A.) began andalusite production at a rate of 30,000 
t/yr in 2009 and was expected to reach full capacity of 40,000 
t/yr by mid-2010, but further information was not available. 
The primary andalusite grade being produced for refractory 
consumers, mainly in Asia, Europe, and North America, 
contained a minimum of 58% АТО, and a maximum of 0.8% 
Fe,O, (O'Driscoll, 20102). | 
South Africa.—Andalusite Resources (Pty.) Ltd. mined 
andalusite near capacity at its Maroeloesfontein Mine in 
Thabazimbi, Limpopo Province. The mine's full production 
capacity was 50,000 t/yr with an expected mine life of 20 
years. With licenses to mine adjacent properties to the north 
of the current mine site, the company expected an additional 
25 years of production at the same rate. Andalusite Resources 
latest drilling program on other adjacent sites found larger 
reserves than expected, adding an additional 25 years of mine 
life, bringing the total to 70 years at 50,000 t/yr. Andalusite 
Resources planned to expand production in the region to 80,000 
to 100,000 t/yr by the end of 2012. The company’s main markets 
were in China, Europe, India, and South Africa (O'Driscoll 


2010b). 
Outlook 


Natural raw materials, such as andalusite and kyanite, 
continue to be important in refractory manufacturing. They may 
become increasingly sought after as alternative materials to | 
bauxite in certain refractory applications owing to a decrease m 
readily available, comparatively inexpensive refractory bauxite 
from China. Demand for bauxite within China has increased, 
and the availability of quality bauxite for export has declined m 
recent years, in part owing to Chinese Government policies tha! 
have reduced bauxite (and other mineral) exports. Also, bauxite 
supplies were affected by government restrictions and closure 
at several mining and processing locations in China owing 
to environmental and safety controls (O’Driscoll, 2010). In 
general, refractory producers have faced increasing challenges 
in obtaining the bauxite necessary to produce refractory 
products (Roberts, 2010). 

For durable refractories, technology advance 
increased use of synthetic mullite. Continuing improvements 
in the technologies used in the manufacture of refractories 
is expected, and the use of synthetic raw materials in the 
production of refractories also is likely to increase. Other 
general material use trends could include the increased " 
development and use of monolithic products, as has 
case in Japan’s steel industry for more than a decade, га m 
potentially a gradual increase in the use of recycled re 


materials (Semler, 2007b). | she production 
China and Japan have been major locations з dn 
| ctories. Opportunities for! 
and consumption of refra pp > Commonve 


s included 


ict i h as 
expansion could exist in other areas, Such d9" t and 
of Independent States, Eastern Europe, the Middle East 
Southeast Asia (Semler, 2007b). sumption 


d States, steel con 
ly | 1% because 0 
recession 

y. Because 


For Canada, Mexico, and the Unite 
was projected to increase in 2011 by near | 
stock rebuilding from the drawdown during the Tn 
coupled with an ongoing recovery т the U.S. ec | 

ook?! 
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бау of efforts by the Chinese Government to moderate growth, 
Wifi especially in its real estate sector, the growth in China's apparent 
ХШ steel use slowed in the latter part of 2010 and was projected 
uim to slow to about 5% in 2011. India's steel use was expected to 
обе" increase by about 13% in 2011. India is on track to become the 
пића third leading steel consuming country in the world after China 
adamy and the United States. World steel consumption was forecast 

to increase by nearly 6% in 2011 compared with that of 2010 


ив (World Steel Association, 20115). 
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i TABLE 1 

PRICES OF KYANITE AND RELATED MATERIALS IN 2010 

МУ 

т (Dollars per metric ton) 

[4 _ a —R——» d 
i - Price 
ii Kyanite, USA, ex-works, raw, 54% to 60% alumina. 233-332 
8 Kyanite, USA, ex-works, calcined (mullite), 54% to 60% alumina, 22-ton lots 387—456 
t 

$ Source: Industrial Minerals, December 2010, p. 69. 
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и 

j 
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TABLE 2 
U.S. IMPORTS FOR CONSUMPTION OF ANDALUSITE, 


KYANITE, AND SILLIMANITE"?? 


Quantity Value" 
Year (metric tons) (thousands) 
209 д 7 | _ 4,880 $2,060 
2010 2,180 938 


| 3 А . "n es | 
Most material is andalusite from South Africa. No kyanite 
or sillimanite imports were reported. 


?Harmonized Tariff Schedule of the United States code 
2508.50.0000. 


3 
Data are rounded to no more than three significant digits. 


4 
Customs value. 


Source: U.S. Census Bureau. 


TABLE 3 
KYANITE AND RELATED MATERIALS: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 
Country and commodity" _________ 2006 __ 2007 2508 009 2010 
[o SNR" 
MiG ee NN. NN НЕ 
Sillimanite" 300 300 300 300 300 
Brazil, kyanite, marketable 600 600 600 600 600 
3,400 3,500 4,000 4,000 4,000 _ 


China, unspecified 


(600 6500 


France andalusie __________-- 


India: | 
Kyanite 7,000 7,300 7,500 7,700 7,800 
_ Куе — ---- 
SNR E 15,200 16,000 16,500 16,800 _ 


Sillimanite | 
221,209 — 264,645? 216,667? 190,000: 240,000 _ 


South Africa, andalusite 


United States! 
Kyanite 102,000 5 — 118000? — 97200* 71,000 93000 $ 
Mullite, synthetic 40,000 40,000 40,000 40,000 40,000 
uM DM ML e а E SS | E 

"Revised. 


'U.S. and estimated data аге rounded to no more than three significant digits. 
?Owing to incomplete reporting, this table has not been totaled. Table includes data available through April 29, 2011. 


31m addition to the countries listed, а number of other nations produce kyanite and related materials, but output is not reported quantitatively, 


and no reliable basis is available for estimation of output levels. 


“п addition, about 7,000 metric tons of sillimanite clay (also called kaolinized sillimanite) that contains 40% to 48% AlO; is produced. 


"Reported figure. 
6Source: Estimated based on data from 


production data: M ine Safety and Health 
W.L., Jr., 2008, Kyanite, andalusite, sillimanite and mullite: Mining Engineering, 


Mine Safety and Health Administration, [undated], Mining industry accident, injuries, employment, and 
Administration (accessed March 9, 2009, via http://www.msha.gov/stats/part50/pSOy2k/aetable.htm) 


"Source: Lassetter, v. 60, no. 6, June, p. 44-45. 


ве ошгсе: Lassetter, 
Source: Lassetter, 
10$ оџгсе: Lassetter, 


W.L., Jr., 2009, Sillimanite minerals: Mining Engineering, v. 61, no. 6, June, p. 68-69. 
W.L., Jr., 2010, Sillimanite minerals: Mining Engineering, v. 62, no. 6, June, p. 74-76. 
W.L., Jr., 2011, Sillimanite minerals: Mining Engineering, у. 63, no. 6, June, p. 96-98. 
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LEAD 
By David E. Guberman 


Domestic survey data and tables were prepared by Elsie D. Isaac, statistical assistant, and the world production tables were 


prepared by Glenn J. Wallace, international data coordinator. 


In 2010, domestic lead mine production of recoverable lead 
was 356,000 metric tons (t), a 1096 decrease compared with 
that of 2009. Alaska and Missouri were the dominant producing 
States with significantly more than one-half of total domestic 
mine production. Two mines in Montana and Washington that 
had produced lead during the first half of 2009 were closed in 
2010. 

Lead was produced at 9 U.S. mines that employed about 
1,500 people. The value of domestic mine production was 
$854 million, a 13% increase from the value of domestic mine 
production in 2009, despite a decline in production owing to an 
Increase in the average price of lead in 2010. Primary lead metal 
was produced at a smelter-refinery in Missouri. 

Secondary lead, derived principally from scrapped lead-acid 
batteries, accounted for 91% of refined lead production in 
the United States in 2010. Nearly all the secondary lead was 
produced by 7 companies operating 14 smelters. Domestic 
—-- secondary lead production increased slightly from that of 2009. 
P Lead was consumed in about 76 U.S. plants to manufacture 
2% such products as ammunition; building-construction materials; 
— covering for power and communication cable; lead oxides т 
! - ceramics, chemicals, glass, and pigments; lead sheet; solders for 


, . А > А 
! — construction, electrical-electronic components and accessories, 


A» metal containers, and motor vehicles; and storage batteries. 

un World mine production of lead increased by 6%, to 4.14 

E million metric tons (Mt) from 3.90 Mt in 2009. The United 

— States accounted for about 9% of global lead mine production 

y, Compared with 10% in 2009 and was ranked third іп the world. 

— China and Australia were the two leading world lead producers 
, 112010 accounting for 4596 and 15%, respectively, of global 


Ж у А 
_— lead mine production. World production of refined lead (primary 


25 and secondary) increased by 7%, to 9.49 Mt in 2010 from 8.89 
Mt in 2009. The United States was the second leading producer 
of refined lead in the world and accounted for 1396 of global 

| refined lead production. China produced about 44% of global 
йй Telined lead production and was the leading producer of refined 
lead in 2010. 

м According to the International Lead and Zinc Study Group 
o (2011a, р. 8-9), consumption of refined lead increased 

js y T^ to 9.56 Mt in 2010 from 8.93 Mt in 2009, following a 

E d decline in global lead consumption in 2009 from that in 
2. leading refined-lead-consuming countries in 2010 
а P 44%; the United States, 1596; the Republic of 
жу | | ај 4%. 1.250 data indicated that there 
1. ead supply surplus of about 39,000 t by 
uM nie including starting-lighting-ignition (SLI) 
г. : types, continued to be the dominant use of lead, 
а * Or about 9076 of reported lead consumption. SLI 

'y Shipments in North America totaled 119.6 million units 


LEAD—2010 
i 


Ј ин 


in 2010, a 9% increase from those of 2009. This total included 
original equipment (OE) and replacement automotive-type 
batteries. 

Following substantial declines that took place in the second 
half of 2008, lead prices steadily increased during 2009 and 
began to approach price peaks from early 2008. In January 
2010, the London Metal Exchange Ltd. (LME) average cash 
price for lead was $1.07 per pound. Average monthly prices 
declined during the first half of the year to $0.77 per pound in 
June and then increased during the second half of 2010. By 
yearend 2010, LME prices had increased to $1.09 per pound, 
essentially the same as they were in January. The 2010 annual 
average LME cash price was $0.97 per pound, an increase of 
25% from that of 2009, and the North American Producer price 
(the weighted average, based on 1993 production figures, of 
the list prices of those North American primary and secondary 
producers quoting list prices, in addition to those producers who 
have switched to LME pricing) increased by about 2594 from 
that of 2009, to $1.09 per pound from $0.87 per pound. 


Legislation and Government Programs 


In April, the U.S. Environmental Protection Agency 
(EPA) announced that renovations and repairs of child care 
facilities, houses, and schools built before 1978 (when the 
use of lead-based paint in housing was banned by the Federal 
Government) must be conducted using safe practices to protect 
children and pregnant women from exposure to lead-based 
paint. Common renovation activities that disturb lead-based 
paint such as cutting, demolition, and sanding can generate 
lead chips and dust that are potentially harmful to adults and 
children. The EPA's Lead Renovation, Repair, and Painting 
Rule, finalized in 2008, required contractors to be trained and 
certified in lead-safe work practices and became effective on 
April 22, 2010. Lead-safe work practices reduce the potential 
exposure associated with disturbing lead-based paint. More 
than 160,000 workers in the construction and remodelin 
industries had received training as of April. The EPA also 
announced advanced notice of proposed rulemaking that would 
apply lead-safe work practices to renovations on public and : 
oa buildings (U.S. Environmental Protection Agency, 

In late August, the EPA denied a petitio j 
the production and distribution of "e REN ^ 
The EPA reached this decision because it does not have the 
legal authority to regulate this type of product (ammunit; i 
Or firearms) under the Toxic Substances Control Act (TSCA 
The petition, submitted in early August by several pro 4 
азкед the EPA to prohibit the manufacture, processin UN 
distribution of bullets, fishing sinkers, and lead shot i | i 
TSCA. In November, the EPA rejected the requested M 
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the use of lead fishing sinkers. The EPA stated that lead sinkers 
Were banned on many Federal lands and that several States had 
already banned or restricted the use of these products (U.S. 
Environmental Protection Agency, 2010b). 

In early October, Doe Run Resources Corp. (St. Louis, MO) 
reached an agreement with the EPA, the Missouri Department 
of Natural Resources, and the U.S. Department of Justice to 
spend approximately $65 million to correct violations of several 
environmental laws at 10 of its lead mining, milling, and 
smelting facilities in southeast Missouri. The company will pay 
a $7 million civil penalty for violating several environmental 
regulations. The civil penalty payment was to be split evenly 
between the Federal and State governments. Doe Run also 
decided that it would shut down operations at its Herculaneum 
primary lead smelter by yearend 2013 instead of installing 
pollution control technologies that would reduce emissions. 
Herculaneum was the only primary lead smelter operating in 
the United States in 2010. The smelter was to operate with an 
EPA mandated 117,935-t annual production limit until it is 
closed. The company also agreed to provide an initial $8.14 
million in financial assurance to guarantee cleanup work at the 
Herculaneum facility, $23.7 million on upgrades at its other 
production facilities, and to establish a $28 to $33 million 
assurance trust fund for the continued cleanup of mining and 
milling facilities in Missouri (Schier, 2010; U.S. Environmental 


Protection Agency, 2010c). 


Production 


Mine.—In 2010, domestic mine production of recoverable 


lead was 356,000 t, a 10% decline compared with that of 2009. 
Lead mine production in the United States has declined by А 
about 22% during the past 10 years owing to shutdowns an 
curtailments at zinc and lead mines, and no new significant 
domestic lead mines were opened. In 2010, there were 9 Р 
lead-producing mines operating р b United States compare 

i - ing mines т i 
реет, contributed ће major share of the U.S. 
mine output of lead. Lead mine production also was reported in 


-producing mines that had operated in Montana and 
€—— unti early 2009 were closed during 2010. Domestic 
mine production data were collected by the U.S. Geological 
Survey (USGS) from a precious-metal and base-metal voluntary 
survey of lode-mine production (tables 1-4). 

Teck Alaska Inc. (a wholly owned subsidiary of Teck 
British Columbia, Canada) operated 


rces Ltd., Vancouver, 
d Dog zinc-lead mine in northwestern Alaska under a 
royalty agreement with NANA Regional Corp., the sole owner 


‚ МАМА is a corporation organized under the 
vesci i 1. Alaska Native Claims Settlement Act. During 
2010, Teck reported a decrease in the production of zinc and 
lead contained in concentrates compared with that of 2009 
owing to lower mill feed grades despite record тШ throughput 
in 2010 at Red Dog. Production of lead in concentrate at Red 
Dog in 2010 decreased by about 16% to 110,000 t compared 
with 132,000 t of lead in concentrate in 2009. In May, Teck 
began mining the Aqqaluk deposit, adjacent to the main pit, 
where the economically recoverable mineral resources were 
nearly exhausted, and the first ore from Aqqaluk was processed 


42.2 


at the mill in August. The near-surface weathered Aqqaluk ore 
milled in 2010 was a lower grade than ore that was processed 
from the main pit in 2009. The average lead grade of ore 
milled during the last quarter of 2010 was 5.0% compared to 
6.3% during the same period in 2009. The Aqqaluk deposit 
was expected to provide sufficient ore to enable zinc and lead 
mining operations at Red Dog to continue until 2031. Teck 
expected to produce 85,000 t of lead in concentrate in 201 
with approximately 66% of mill feed coming from the Aqqaluk 
deposit (Teck Resources Ltd., 20112, р. 32-34; 2011b, 

p. 22—23). 

Teck's Pend Oreille zinc-lead mine in northeastern 
Washington was placed on care-and-maintenance status in 
February 2009 owing to reduced metal demand and weakened 
zinc prices. А core group of employees remained at Pend Огей 
after the shutdown to facilitate a possible restart in the future, 
and all regulatory and environmental requirements were being 
met (Teck Resources Ltd., 2011a, p. 35). 

In late January, Doe Run reported that an underground 
equipment fire had taken place at the company's Viburnum 
#29 lead-zinc-copper mine. Viburnum #29 is one of six 
lead-producing mines that Doe Run operates along the 
Viburnum Trend in southeastern Missouri. According to the 
company, a truck fire broke out in an underground haul road, 
and all employees were safely evacuated from the mine with the 
assistance of mine rescue teams. The fire caused the Vibumum 
#29 mine shaft to be shut down for 2 days following the 
incident. The company expected that loss of output during the 
shutdown would be minimal. Viburnum #29 normally produced 
1,800 metric tons per day of ore containing about 4% lead, 0.5% 
zinc, and 0.2% copper. It is the least productive of the six mines 
that Doe Run operated in the Viburnum region. When Vibumum 
#29 was reopened, Doe Run blocked off the area of the mine 
where the fire had taken place for a U.S. Department of Labor 
investigation and shifted resources to resume production from 
other parts of the mine (Platts Metals Week, 2010a). 

In 2010, Hecla Mining Co. (Coeur d’Alene, ID) continued to 
operate two lead-producing mines, the Greens Creek lead, gold, 
silver, and zinc mine near Juneau, AK, and the Lucky Friday 
lead, silver, and zinc mine in the Coeur d'Alene Mining District 
in northern Idaho. Total production of lead in concentrate In 

- 0 С. 2 in 2009. A 14% 
2010 increased by 696 to 42,600 t from 40,200 t m 
increase in production of lead in concentrate at Greens Cretk 
in 2010 compared with that of 2009 offset a slight decline ІП : 
production at Lucky Friday during the same time period (Hee 
Mining Co., 2011, p. 31). 

Primary.—Doe Run produced primary lead ata t 
refinery facility in Herculaneum, MO. Concentrates for te 
smelter-refinery were provided mainly from four Doe Run 

| TE. ‹ production 
mills that were supplied with ore mined from six proc" Ih 
shafts along the Viburnum Trend in southeastern V Mui 
2010, domestic primary lead metal production Was Ғы 
t, ап 11% increase compared with 103,000 t in ДЫ? дей 
2008, Doe Run temporarily closed one of two blast Wem 
at its primary lead smelter owing to the decline ІП к ГЕ i 
and unfavorable market conditions. The company Mit 2010, 
operate the smelter with a single furnace 1n 2010. ^ i 
Doe Run announced that it would be shutting down 
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face ii 
= lead smelter in Herculaneum in 2013 as part of an agreement 


a with Federal and State regulatory agencies and limiting annual 
TM refined lead production to 117,935 t until it was closed (more 
= Programs section). | | | 
Шш? In March, Doe Run unveiled a new primary lead processing 
| res technology that company officials estimated would reduce 
duik air, land, and water emissions by nearly 99% when compared 

` to traditional processing methods. The new process would 
RE replace high-temperature, furnace-based lead smelting with 
| a chemical process that could be cleaner, more efficient, 
donis and safer than smelting. Doe Run has been working with 
TS: ап [talian-based engineering partner, Engitec Technologies 
и йш S.p.A., to develop this proprietary technology that uses a wet 
SRI chemical process to selectively dissolve lead concentrate in a 
йш leaching reactor containing a solution of ferric fluoborate and 
щш then extract the lead from the solution using an electric current. 
) Те electrowinning extraction process is similar to technology 
шав currently used to extract zinc from concentrate but had not been 
шї: used for producing primary lead. One of the environmental 
50+ benefits of the production method is the ability to recycle the 
маке? activated solution within the process indefinitely. Doe Run 


wiki: expected that the new processing technology would yield greater 


weg? lead metal recovery rates than those achieved using current 

й іші primary lead smelting methods. Тһе company has operated 

cals’ a demonstration plant in southeastern Missouri since 2007 

уй! and, following the completion of a feasibility study, planned 

soap! to evaluate possible site locations for a commercial-scale 

fh plant. Doe Run would need about $150 million to fund 

ji the construction of a commercial-sized plant and had set 

ww mid-2013 as a possible Startup date (Doe Run Co., The, 2010; 

yui Troszkiewicz, 2010). 

ПІЛІ | Secondary, —Domestic secondary production of refined lead 

pus 1n 2010 increased slightly to 1.14 Mt from 1.11 Mt in 2009. 

шие Secondary lead accounted for 91% of domestic lead refinery 

|J production, unchanged from that in 2009. Lead-acid batteries 

g^ Continued to be the dominant source of recoverable lead Scrap, 

„W accounting for 94% of all lead produced from secondary 

іні Sources. The domestic secondary statistics were derived by 

ipt the USGS from a combined secondary producer and consumer 

шш Survey that included data from monthly and annual surveys. 

qu In 2010, 14 companies producing secondary lead, exclusive 

4t of that produced from соррег-Базе4 scrap, were surveyed; 11 

qp "Sponded, representing about 99% of the total production 

ву ©! Secondary lead. Of the total lead recycled in 2010, the 
majority was produced by 7 companies operating 14 plants in 

jj Alabama, California, Florida, Indiana, M innesota, Missouri, 

gi New York, Pennsylvania, Tennessee, and Texas. Production and 

j Consumption for the nonrespondents were estimated by using 

if prior-year levels as a basis (tables 1, 48). 

Г ES air permit that was issued in F ebruary 2010 to Johnson 

2 bs Inc. (JCI) (Milwaukee, WI) by the South Carolina 

y! та of Health and Environmental Control for a planned 

"ih "i lead smelter in Florence, SC, became effective in 

4 : in ollowing a brief delay. The permit had been appealed 

ў d WS groups Owing to potential environmental concerns 

у | Clated with the new facility, but JCI was able to work with 

} “© groups and addressed these concerns. The new $150 million 
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information can be found under the Legislation and Government 


secondary smelter was expected to produce as much as 120,000 
metric tons per year (t/yr) of refined lead from used lead-acid 
batteries when it opens in summer 2012. The Florence location 
was chosen by JCI owing to its proximity to three existing JCI 
lead-acid battery distribution and manufacturing facilities and 
the lack of lead smelters in that region (CRU Lead Monitor, 


2010). 
Consumption 


Reported U.S. consumption of refined lead increased 
by about 1196 in 2010 compared with that of 2009. A 1396 
increase in lead used for lead-acid storage batteries and a slight 
increase in consumption for casting metals offset declines in 
ammunition, extruded products oxides, sheet lead, and solder 
end-use sectors. Consumption of lead in SLI and industrial type 
Iead-acid storage batteries represented about 9096 of the total 
reported consumption of lead (tables 5-8). Demand for lead is 
heavily reliant on the lead-acid battery industry and, in turn, 
the automotive sector. The BCI reported that North American 
shipments of SLI automotive batteries in 2010 totaled 119.6 
million units, a 996 increase from those in 2009. The increase 
in battery shipments in 2010 followed 2 consecutive years that 
SLI automotive battery shipments declined on a year-by-year 
basis. Shipments of replacement SLI batteries in 2010 totaled 
105.7 million units, 7% greater than those in 2009. Replacement 
batteries represented 88% of all North American battery 
shipments in 2010. North American shipments of OE SLI 
batteries were 13.9 million units in 2010, an increase of 2994 
from those of 2009. The increase in shipments of OE batteries 
was attributed to increased production of new vehicles during 
2010 compared with production in 2009. Total domestic vehicle 
production (passenger cars and light commercial vehicles) in 
2010 was about 7.6 million units compared with 5.6 million 
units produced in 2009. In 2010, there was an estimated 239 
million vehicles in operation in the United States, and the 
average age of the vehicle fleet on the road in the United States 
increased to 10.2 years, the highest level in history. Maintenance 


, requirements of the aging fleet kept the replacement battery 


market stable while consumption of OE batteries increased 
compared with those of the previous year. During the economi 
downturn that began in late 2008, consumers delayed е 
preventative vehicle maintenance, such as exchanging older 
batteries for new units, opting instead to wait until batterie 
failed before replacing them (Battery Council Internation | 
201 l, p. 23-24; CRU International Ltd., 2011, p. 162) = 
| Exide Technologies (Alpharetta, GA) planned to losa tw 
its three lead-acid battery facilities in Reading, PA, Бер] in X 
In early June 2010. The company was planning a nih n 
closure of the battery formation plant and distribution E т 
and expected to shift those activities to Exide facilities i in 
ds Pak closures would not affect production at Pudet 
ead-aci | ility i | 
зо =“ recycling facility in Reading (Platts Metals 
Lead-acid batteries used in vehicles i i iti 
internal combustion engines remained ыы B ies 
lead consumption in 2010. Many of the leading о. 
producers were investing capital to research and deve] мны 
technologies for the next generation of vehicles aa" 


42.3 


driven by European Union regulations aimed at substantially 
reducing carbon dioxide emissions in new vehicles by 2012). 
Battery technologies such as absorbed glass mat (AGM) were 
considered feasible options for use in some hybrid-electric 
vehicles. In AGM batteries, the electrolyte in the battery is 
immobilized with a highly porous and absorbent microfiber 
glass mat. AGM batteries typically deliver considerably longer 
lifespans than traditional flooded lead-acid batteries, and 

their design makes them a preferred battery choice for use in 
vehicles that have start-stop technology. Vehicles equipped 
with start-stop technology (sometimes called microhybrids) 
use automatic stop-start functionality to cut power to the 
engine when the vehicle idles, reducing fuel consumption and 
emissions by as much as 1296. This technology is attractive to 
automobile manufacturers because it is relatively inexpensive 
to add to existing vehicle designs. Battery producers were 
preparing to have capacity to produce appropriate lead-acid 
batteries, like AGM, for the introduction of vehicles equipped 
with start-stop technology in the United States by 2012. 

The Battery Council International (BCI) reported that the 
sales value of industrial-type lead-acid batteries in North 
America increased by about 17% ($215 million) in 2010 
compared with those of 2009. The increases were reported for 
stationary power and motive power lead-acid batteries and were 
attributed to increases in unit sales coupled with greater lead 
prices compared with those of 2009. Overall, 2010 shipments 
of industrial-type lead-acid batteries were valued at about 
$1.50 billion. Stationary power batteries accounted for 5596 
of all industrial-type battery sales, and the remaining 45% was 
motive power batteries. In 2010, the value of sales of motive 
power lead-acid batteries used in industrial vehicles (9796 of 
motive power segment) increased by 19% from those in 2009. 
The majority of the motive power batteries sold in 2010 was 
those used in industrial trucks such as forklifts and material 
handling equipment. Consumption of OE motive power batteries 
increased in 2010 owing to an increase in sales of new industrial 
trucks, such as forklifts, compared with those of 2009. This was 
thought to be reflective of increased warehouse activity owing 
to economic recovery from the downturn that began in 2008. In 
2010, sales of stationary power type lead-acid batteries that were 
used in data centers, telecommunications, and uninterruptible 
power systems (UPS) applications increased by 1596 from sales 
in 2009 owing to increased corporate spending (Cullen, 2011). 

Metalico Inc. (Cranford, NJ) was a leading domestic producer 
of nonbattery lead-based products in 2010. Metalico's lead 
fabricating segment produced lead sheet, shot, strips, and 
various extruded products at four fabricating facilities. In 2010, 
sales of fabricated lead products were valued at $65.4 million, 

a 5% increase compared with lead fabrication sales in 2009. 
The change was attributed to an increase in the average sales 
price of fabricated lead products in 2010 compared with that of 
2009, offsetting a decline in volume sold during that time peiod 
(Metalico Inc., 2011, p. 35). 


Prices 


The LME average cash price for lead was $2,368 per metric 
ton in January 2010, but by June it had declined by 28% to 
$1,703 per metric ton. Prices increased during the second half 
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of the year and reached an average price of $2,412 per metric 
ton in December. Price increases in 2010 were not necessarily 
supported by the physical lead market, which was considered 
to be in surplus for the entire year. Stocks of refined lead held 
in LME warehouses increased by 42%, from 146,775 t in the 
beginning of January 2010 to 208,550 t by yearend 2010. 
Growth in the industrial sectors of many nations that typically 
consume significant quantities of lead, especially China and 
India, contributed to price increases in 2010. The loss of refined 
lead production capacity in China owing to temporary smelter 
shutdowns was another contributing factor to price increases 
during 2010. On an annual average basis, the LME cash and 
North American Producer prices in 2010 were up by $0.195 per 
pound (25%) and $0.220 per pound (25%) respectively, from 
the average prices of $0.780 per pound and $0.869 per pound, 
respectively, in 2009. 


Foreign Trade 


In 2010, imports of unwrought (refined) lead metal in pigs 
and bars for consumption totaled 271,000 t, an 8% increase 
from those of 2009. The leading source was Canada, accounting 
for 8796 of unwrought lead metal imports. In 2010, imports 
from Mexico decreased by 2896 to 29,400 t, and no unwrought 
lead was imported from Peru (a leading source of imported 
unwrought lead in recent years prior to plant closings). Total 
domestic exports of unwrought lead in 2010 was 77,700 t, 
essentially unchanged from that in 2009. Mexico was the 
leading destination for the unwrought lead exported in 2010, 
accounting for about 64% of all shipments. Domestic exports 
of lead in concentrate were 299,000 t, a 4% increase from those 
of the previous year. Nearly 81% of the lead in concentrate 

i i d 96% of total 
produced domestically was exported in 2010 an 
lead in concentrate exports went to Canada, China, Japan, and 
the Republic of Korea. In 2010, lead in concentrate exports : 
China, Japan, and Mexico increased and exports to Canada an 
the Republic of Korea declined from those in 2009 
(tables 10—12). 

In 2010, the United States importe 
lead-acid batteries for consumption, a 9% inc 
of 2009. Mexico was the leading provider of 
accounting for 66% of the SLI batteries impo 
batteries were also imported from China, Germany, ЖЕ 
of Korea, Spain, and Taiwan. The United States em gei 
15.3 million spent SLI lead-acid batteries ІП 20 ЊЕ ә 
than those of 2009. The majority of those wn a of 
shipped to Mexico for recycling. The increase Tea scrutiny 
spent lead-acid batteries in 201 0 reflected M d um 
from the EPA and U.S. Customs and Border P s e ha 
classification of lead-acid battery exports. ue dae were 
discovered that shipments of spent lead-acid 54 
frequently mislabeled and were incorrec 1Y Y id batteries were 
waste and scrap. In 2010, more e ae | 
correctly classified for export owing to the 


d about 23.6 million ЗЫ 
increase from those 
SLI batteries, 
пей in 2010. SL 
the Republic 
d about 


World Review PTT, 
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World mine production of lead pee d 54 
2010. China was the leading producer ас | 
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ОШ of the world total, followed by Australia, with 15%; the United 
їкї States, 9%; Peru, 6%; and Mexico, 4% (table 13). This increase 
на in mine production was primarily owing to increased production 
Ж in Australia, China, Mexico, and Russia, offsetting decreases 
4%,fw in Peru and the United States. In 2010, six lead-producing 
Хуа mines were opened, reopened, or expanded, adding 129,000 
шуш t/yrto global lead mine production capacity. The additional 
alg mine capacity was in Australia, Canada, Mexico, and Peru. No 
сад substantial lead mines were closed in 2010. 
мини" World production of refined lead (primary and secondary) 
irr increased by 7%, to 9.49 Mt in 2010 from 8.90 Mt in 2009. 
basis belly China was the leading producer of refined lead, accounting for 
0ке) 44% of world production, followed by the United States, with 
(и 13%; and Germany, 4% (table 14). А 13% increase in Chinese 
кіші; production of refined lead metal in 2010 compared with that 
of 2009 and smaller production increases in Belgium, Brazil, 
Canada, Germany, Japan, Kazakhstan, Mexico, Poland, Russia, 
Thailand, and the United States accounted for the majority of 
the global refined lead increase. Secondary (recycled) lead has 
ned accounted for an increasing portion of the total global lead 
Mats supply during the past 11 years. Secondary lead production 
f ш represented about 54% of total refined lead production 
95135 worldwide in 2010 compared with 47% іп 1999. In 2010, five 
All ar lead smelters opened, primarily in China, adding about 388,000 
ити? tyr of refined lead production capacity. Conversely, a lead 
pus smelter (100,000 t/yr capacity) was closed temporarily in China 
Ша in late 2010 (International Lead and Zinc Study Group, 2011Ъ, 
Це" р, 5—6), 
іа: According to ILZSG, consumption of refined lead increased 
ns Des by 7% to 9.56 Mt in 2010 from 8.93 Mt in 2009, following a 
{oes slight decline in global lead consumption in 2009 from that in 
lin? 2008. The leading refined-lead-consuming countries in 2010 
ШИ were China, 44%; the United States, 15%; the Republic of 
40%) Korea, 4%; and Germany, 4%. Chinese consumption continued 
gi’ 10 drive global demand growth. Lead consumption throughout 
д) the remainder of Asia benefited from China's growth. This 
LJ Was partially offset by declining consumption in Western 
. Europe. Chinese consumption was fueled by strong demand for 
yl? automotive and stationary batteries used in backup power supply 
ии’ Systems, telecommunication networks, and renewal energy 
107 Storage applications. ILZSG data indicated that there was a 
i global refined lead supply surplus of about 39,000 t by yearend 
ui 2010 compared with a surplus of about 57,000 t by yearend 
wf 2009 (International Lead and Zinc Study Group, 2011а, p. 8-9). 
gi European Union.—Recylex S.A. (Paris, France), a leading 
б lead producer in Europe, reported that in 2010 its two facilities 
if : France and subsidiary in Germany processed 149,000 t 
| | 2. lead-acid batteries, a 14% Increase compared with 
hi 000 t in 2009. The lead-bearing materials produced by these 
ГА Plants were sent to the company's two smelters in Belgium 
" "sh Germany. During 2010, the operating performance of 
ge Ше company's main smelter, in Nordenham, Germany, was 
ү пош affected by a temporary shutdown for 3 weeks 
КІ ni ie Owing to a damaged furnace. Total refined lead 
ction from the company’s smelters in 2010 was 122,000 t, 


а 2% incr : | 
2011, p. 10) compared with 120,000 t in 2009 (Recylex S.A., 
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Australia.—In February, Magellan Metals Pty. Ltd. [a wholly 
owned subsidiary of Ivernia Inc., (Toronto)] announced that 
it had restarted operations at its Magellan Mine ш Western | 
Australia. Mining operations at Magellan had been suspended in 
April 2007 owing to environmental concerns associated with the 
transport of lead concentrate from the mine. The company had 
received approval to transport sealed bags of lead concentrate 
from the mine to the Port of Fremantle for export. The company 
proceeded with ramp-up operations during the rest of 2010 
and expected to reach full production capacty (85,000 t/yr) by 
yearend. Total production of lead in concentrate in 2010 was 
44,000 t. On December 31, 2010, the company received a stop 
order from the Acting Minister for Environment of Western 
Australia relating to the transport of lead concentrate from the 
mine owing to environmental concerns. The company ceased 
all mining operations immediately upon receipt of the order and 
remained closed during the first quarter of 2011 (Ivernia Inc., 
2011, p. 2, 5). 

Canada.—xXstrata plc's (Zug, Switzerland) Brunswick 
underground zinc-lead mine near Bathurst, New Brunswick, was 
the leading producer of lead in concentrate in Canada. The mine 
had production capacity to process 3.40 Mt of ore containing 
copper, lead, silver, and zinc on an annual basis. In 2010, 
Brunswick Mine produced 60,000 t of lead in concentrate, down 
by 9% from the 66,000 t produced in 2009. In 2010, Xstrata 
increased reserves at Brunswick Mine to extend the mine life 
to 2013, beyond its previously anticipated closure in early 2010 
(Xstrata plc, 2011, p. 91, 99). 

In 2010, Selwyn Resources Ltd. (Vancouver, British 
Columbia) and joint-venture partner, Yunnan Chihong Zinc 
and Germanium Co. Ltd., continued an exploration, permitting 
engineering, and development program at the Selwyn Project | 
in the eastern Yukon Territory. Selwyn Chihong Mining 
Ltd. was formed as a joint-venture company to advance the 
Selwyn Project to bankable feasibility study and production 
In 2010, Selwyn Chihong completed an extensive diamond | 
drilling program in the XY Central and Don deposits to 
upgrade mineral resources to the measured and indicated 
Pigh тек ier Алын Не 

| | xtent of the high-grade 
mineral resources, Approximately $7.6 million was spent on 
environment and engineering studies to Support the bankabl 
feasibility study and permitting activities. The Selwyn proj | 
was one of the largest undeveloped resources of lead Шо 
: ead and zin 
in the world according to the company. The latest r : 

г . à e€source 
estimates for the project, as of February 2009, includ 
Mt of indicated high- ! а o 

gh-grade mineral resources, grading 4,23% 
lead. Selwyn's development schedule provided for initi | | 
production to begin in 2014 at rates that would prod 52. 
65,000 t/yr of lead in concentrate (Selwyn Res 52. 

p. 1-9, 13). ources Ltd., 2011, 

Teck announced that 2010 refined lead production at its 
metallurgical complex at Trail was 7] „200 t, a slight decl; 
from that of 2009 owing to operational issue 2. 

| es at an ox 
that affected lead operations and planned mainten i p lant 
during the fourth quarter of 2010. The required о activities 
necessitated a 32-day shutdown of the lead smelt Pu 
2010, the lead smelter had returned to full E ВУ yearend 
production. Teck 


42.5 


expected to produce 80,000 t of refined lead at Trail in 2011 
(Teck Resources Ltd., 2011a, p. 34). 

China.—China continued to be the leading global producer 
and consumer of lead in 2010. China was also the leading 
producer of lead-acid batteries in the world. Between 1999 and 
2009, China's surging demand for lead contained in lead-acid 
batteries was caused by tremendous growth in the production 
of automobiles, electric bicycles (e-bikes), and motorcycles, 
increasing by 2396, 7496, and 896, respectively. The number 
of e-bikes in China had grown to more than an estimated 100 
million by yearend 2010. Each e-bike needed at least one lead- 
acid battery per year, containing about 10 kilograms of lead, to 
operate, which translated to about 1 Mt of lead consumed for 
this use in 2009. Consumption of lead in China has increased 
by an average of 2096 per year from 1999 to 2009 and was 
estimated to have increased by 796 to 4.21 Mt in 2010 from 
3.93 Mt in 2009. In 2010, lead consumption for automotive 
lead-acid batteries (OE and replacement) and e-bikes increased 
from that in 2009 owing to global economic recovery and 
continued growth in those sectors. Lead in concentrate 
production in 2010 was 1.85 Mt, a 16% increase from the 1.60 
Mt produced in 2009. Refined lead production in 2010 was 
4.20 Mt, a 1396 increase from the 3.71 Mt produced in 2009. 

In 2010, secondary lead production accounted for 32% of total 
refined lead production in China, compared with 22% in 2006. | 
Secondary lead production was expected to continue to increase 
and approach 50% of total refined lead output by 2015. In | 
2010, 38,000 t of refined lead was imported, 78% less than in 
2009 (International Lead and Zinc Study Group, 2010, p. 1-14; 
2011a, p. 26). | "" 

In 2010, the Chinese Government continued to eliminate 
smaller lead mines and smelters in an attempt to consolidate 
production. Lead was one of several nonferrous metals targeted 
by the Government for consolidation and modernization, but 
a multitude of lead exposure and poisoning incidents from 
lead smelters and lead-acid battery plants during 2009-10 had 
increased pressure to clean up the lead industry and increase 
t of production. Many of these incidents involved the 
poisoning of children living in villages near lead plants and 
were often publicized globally by mainstream media. In August, 
the Ministry of Industry and Information announced that 17 
lead smelters with capacity to produce about 266,000 t/yr of 
refined lead were targeted for elimination. The majority of these 
smelters were smaller operations with substantially less than 
50,000 t/yr of refined lead production capacity. These closures 
were part of the The National Development and Reform 
Commission’s twelfth 5-year plan (2011-1 5), which proposed to 
limit lead smelting capacity in China to 5.5 million metric tons 
per year (Mt/yr) by 2015 and eliminate all outdated capacity. 
The plan also advocated increasing self-sufficiency for mineral 
commodities by developing domestic reserves and increasing 
overseas investments. Recycled production of lead was to 
account for more than 30% of annual refined lead production 
by 2015. T he plan called for consolidation that would lead to 
the 10 leading producers to account for 70% of annual refined 
lead output by 2015. Despite the closures of smaller smelters, it 
was expected that new larger smelters scheduled to open would 
allow for continued increases in total lead metal production. In 


oversigh 
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2010, construction was ongoing at four new lead smelters that 
were expected to add about 360,000 t/yr of refined lead capacity 
by 2011. More projects were planned for 2012 to 2013 (China 
Metal Market—Lead, Zinc & Tin, 2010a, p. 2; 2010b, p. 18; 
Metal-Pages, 2010). 

In October, leading lead-acid battery manufacturer JCI 
announced that it was investing $118 million to build its third 
lead-acid battery plant in China. The company was in the 
process of substantially expanding its production capacity 
to meet the increased consumption of lead-acid batteries for 
automobiles and motorcycles. The new plant was scheduled 
to be built in Chongqing and increase JCI’s lead-acid battery 
production capacity in China to 18 million batteries per year 
when completed in 2012. JCI planned to increase capacity to 
30 million batteries per year by 2015. The company expected to 
select a location in northern China for a fourth lead-acid battery 
plant in late 2010 (Johnson Controls Inc., 2010). 

India.—In support of its emerging industrial economy and 
automotive sector, mine and refined lead production increased 
in 2010 compared with that in 2009. Lead consumed for 
production of lead-acid batteries also increased. Hindustan 
Zinc Ltd. (HZL) (Udaipar), India’s leading integrated zinc and 
lead producer, produced 609,000 t of mined zinc and lead in 
concentrate at its four active mines during the 9-month period 
that ended December 31, 2010, a 6% increase compared with 
production in the same period of 2009. Construction work 
continued at a new zinc and lead smelter in Rajpura Dariba that 
was expected to produce 100,000 t/yr of primary lead when 
completed in late 2011. HZL was also expanding production 
capacities at its Kayar, Rampura Agucha, and Sindesar Khurd 
zinc-lead mines for progressive commissioning from mid-2010 
to 2012. Upon completion of all of these projects, HZL's total 
zinc and lead smelting capacity would be 1.06 Mt/yr. НТ 
expanded production capacity could help satisfy some of the 
increased demand for lead in India, which has become reliant 
on imported lead during the past several years (Hindustan Zinc 
Ltd., 2011). 7 

Mexico.—In September, Goldcorp Inc. (Vancouver, British 
Columbia, Canada) announced that it had reached commercial 
production levels at its Penasquito gold-silver-lead-zinc project 
in the northeast corner of the State of Zacatecas. МИ throughput 
during the last 4 months of 2010 averaged more than 70,000 
metric tons per day (t/d), with peaks reaching 105,000 ud. m 
Production levels were ramping up during the first three из 
of the year. In 2010, Penasquito produced 44,000 t of T ns 
concentrate. During an expected 22-year mine life, a т 
was expected to produce an annual average of E , 
of lead in concentrate (Goldcorp Inc., 2011, p. 8, 49). Es 

JCI's new secondary lead smelter in Monterrey eut 
operations in November. The plant was Mer. lead. The 
towards its design capacity of 132,000 t/yr of re LOU 
smelter had the ability to expand to 176,000 ШЕРТТІ 
lead capacity and was expected (0 re EU States. The 
batteries from Mexico and Ше О NS facility in 
new plant was the company's second РИ P^, refined Iet 
the Monterrey area, with an existing 1 (CRU International 10. 
capacity operation at Cienega de Flores 
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Peru.—In the second quarter of 2009, Doe Run Peru 

halted operations at its La Oroya metallurgical complex, 140 
kilometers east of Lima owing to environmental and financial 
problems that kept it from obtaining copper, lead, and zinc 
concentrates to process. La Oroya had the capacity to produce 
120,000 t/yr of refined primary lead. Unsure of the company's 
financial stability following the late 2008 decline in commodity 
prices, banks froze credit lines that the smelter needed for 
working capital to purchase feed concentrates from suppliers. 
By yearend 2009, Doe Run owed its concentrate suppliers $100 
million and needed an additional $150 million to complete an 
ongoing environmental cleanup of La Oroya in which Doe Run 
had already invested $307 million. La Oroya produced 114,000 
tof refined lead in 2008, the last full year that it was open. In 
2010, the company was working with the Peruvian Government, 
the labor union representing its employees, and its creditors to 
formulate a plan that would allow Doe Run to restart operations 
at the facility and complete its environmental obligations. The 
company failed to comply with a 2009 requirement imposed by 
Peru's mining minister to acquire the necessary financing for 
clean up and restart of the smelter by July 24 or permanently 
close operations. By yearend, it was unclear if and when the 
smelter would restart operations (CRU Lead Monitor, 2010; 
Metal Bulletin, 2010). 


Outlook 


At its September 2011 meeting in Lisbon, Portugal, ILZSG 
forecast global increases in lead mine and refinery production as 
well as in lead consumption. Global lead mine production was 
expected to increase to 4.50 Mt in 2011, 896 greater than that 
іп 2010, owing to greater output in China, India, and Mexico, 
Which would offset projected production declines in Australia. 
Global refined lead metal production in 2011 was expected to 
increase Бу 7% (10.3 Mt), owing to production increases and 
new plants in Australia, China, Germany, India, the Republic of 
Korea, and Mexico. The majority of new primary and secondary 
refined lead capacity added in 2011 was expected to be in China 
(International Lead and Zinc Study Group, 2011c). 

Global consumption of refined lead in 2011 was forecast to be 
10.2 Mt, a 6% increase from that of 2010, according to ILZSG. 
The global increase in consumption was attributed to a 796 
Increase in use of refined lead in China owing to growth in the 
automotive, e-bike, and industrial battery sectors. Consumption 
їп Europe, India, and the United States was expected to be 
greater in 2011 than in 2010. In North America, the BCI forecast 

that total shipments of SLI lead-acid batteries would increase 
slightly in 2011 from those in 2010. Provided that the majority 
of vehicles in the current fleet continue to be operated on a 
regular basis, the replacement SLI battery market was expected 
to remain stable in the near future. Shipments of OE batteries 
were expected to be heavily reliant on sales of new automobiles 
and production in North America Which were expected to 
Са from 20 10 to 2016. The BCI forecast that OE battery 
ШОО, would increase by about 15% during the time period 
ENS res 2016. Sales of industrial-type lead-acid batteries 
— erica Were expected to increase by 8% in 2011 
е €d with sales of 2010 owing to increased demand for 

Ive power and standby batteries from the business sector. 
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Overall, ILZSG expected that production of refined lead would 
exceed consumption, and the lead market would remain in | 
surplus of about 188,000 t by yearend 2011 (Battery Council 
International, 2011; Cullen, 2011; International Lead and Zinc 


Study Group, 2011c). 
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TABLE 1 


SALIENT LEAD STATISTICS! 


2006 2007 2008 2009 2010 
ы ыыы та лав лл ык з сы == = 
United States: 
Mine, recoverable lead content? "NEP E | 
p Quantity metric tons 419,000 434,000 399,000 395,000 356,000 ! 
Value thousands $715,000 $1,180,000 $1,060,000 $757,000 $854,000 
Primary lead, refined content, domestic ores and base bullion metric tons 153,000 123,000 135,000 103,000 115,000 
Secondary lead, lead content do. 1,160,000 1,180,000 1,140,000 1,110,000 1,140,000 
Exports, lead content: 
Pelee end conan do. 298,000 300,000 277,000 287,000 299,000 
Lead materials, excluding scrap do. _ 68,500 56,500 74,800 82,000 83,500 
Imports for consumption, lead content; 
m in base bullion do. 539 1,990 2,740 844 602 
Leadinpigsandbars | do. 331,000 263,000 309,000 251,000 271,000 
Stocks, December 31, lead content: қ 
, T W 
Primary (546 E е - ' 2,500 63,00 64,600 
At consumers and secondary smelters do. 56,000 51,600 72, , OON 
Consumption of metal, primary and secondary, lead content do. 1,490,000 1,570,000 1,440,000 1,290,00 А 
. Consumption of meta, рил. nos к cct a 
Price: NES 86.87 108.91 
| 'can Producer average, delivered” cents per pound 7140 123.84 120.33 
North American Y m F = т "77 
London Metal Exchange, pure lead, cash average do. 58. O 94 Ы ERE аі 
ion, gross weight: г 4,140,000 
= E metric tons 3,630,000" 3,720,000" — 3,880,000 " 3,900,000 Т 
ы Pues мон акан ан ee a r г 4,200, 
М == до. 3,690,000" 3,660,000" 3,980,000" Е 
Secondary ene do. 4200000" 4420000: 4600000! _4860,000 777 
econda " PEG nivis acia BR Nd 


'Revised. do. Ditto. W Withheld to avoid disclosing company proprietary data. 


Рав are rounded to no more than three significant digits, except prices. 


| . | ; 4. 
21 ead recoverable after smelting and refining. Data in table 13 represent lead in concentra 


3Platts Metals Week. 
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TABLE 2 
MINE PRODUCTION OF RECOVERABLE LEAD IN THE UNITED STATES, BY STATE! 


(Metric tons, lead content) 


йы: 

m e ш ae 
| Alaska and Missouri 370,000 W 

T Idaho, Montana, Washington”  — —— 24,900 W 


Total 395,000 356,000 
W Withheld to avoid disclosing company proprietary data; included in “Total.” 


Data are rounded to no more than three significant digits; may not add to totals shown. 
22010 production only in Idaho. 


TABLE 3 
LEADING LEAD-PRODUCING MINES IN THE UNITED STATES IN 2010, IN ORDER OF OUTPUT! 


Rank Mine County and State Operator Source of lead 
| Red Dog Northwest Arctic, AK Teck Alaska Inc. Zinc-lead ore. 
2 Brushy Creek Reynolds, MO Doe Run Resources Corp. Lead ore. 


3 Fletcher do. do. Do. 
4 Buick Iron, MO do. Do. 
$ 


"UR Viburnum (#29 and #35) Washington and Iron, MO do. Do. 
pu 5 ____ GmewCrek Jamm,AK Heca Minge Aoi 
7 Lucky Friday 7 ShohonÜD ^ de gp 
8 ____ Swetwaer Reynold, MO DoeRunResuce Cop о 
T 9 Gaem Shoshone, iD US Silver Cop. ^ gus n 
Y^ Do„do. Dito — —— —  —À tA 
E 
Es TABLE 4 
B LEAD RECOVERED FROM SCRAP PROCESSED IN THE UNITED STATES, 
BY KIND OF SCRAP AND FORM OF RECOVERY! 
NS 
E (Metric tons, lead content, unless otherwise specified) 
| 2009 2010 | 
d Lead-base 20,100 22,600 
+ Copper-base NA NA 
e Tin-base 1,530 1,530 
- Total 21,600 24,100 
Old scrap: 
Battery-lead 1,040,000 1,070,000 
у АП other lead-base 47,400 42,900 
^ Copper-base NA NA 
i Total 1,090,000 1,110,000 
| Grand total 1,110,000 1,140,000 
Form of recovery: 
As soft lead 960,000 962,000 
In antimonial lead 151,000 175,000 
In other lead alloys (3) (3) 
In copper-base alloys NA NA 
Total: 
Quantity 1,110,000 1,140,000 
Value? thousands — $2,130,000 — $2,730,000 
МА Not available. 
' Data are rounded to no more than three significant digits; may not add to totals shown. 
"Value based on average quoted price of common lead. 
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TABLE 5 
U.S. CONSUMPTION OF LEAD, BY PRODUCT! 


(Metric tons, lead content) 


EE СЕЕ ЕЕС ЕССЕ ЕСЕ 


SIC" code Product 2009 2010 
Metal products: 
35 Machinery except electrical W W 
371 Motor vehicles and equipment = = о W W 
мм 4400 120 
EOS. „а 14 22806 оюл ыба ала MEO. Ll e слао e 1,370 1,410 
36 Cable covering, power and | communication — — — — (3) (3) 
15 Са тр lead, building construction (3) (3) 
Casting metals: 
36 Electrical machinery and equipment W W 
371 Motor vehicles and equipment W W 
37 Other transportation equipment IY W W 
3443 Nuclear radiation shielding 2277 77777“ W W 
Total 15,900 16,400 
Pipes, traps, other extruded products: 
15 Building construction 1,130 990 
3443 Storage tanks, process vessels, etc. (4) (4) 
Total 1,130 990 
Sheet lead: 
15 Building construction 16,300 16,000 
3443 m Storage tanks, process vessels, etc. | W W 
3693 Medical radiation shielding W W 
Total 25,400 23,400 
Solder: 
15 Building construction W W 
Metal cans and shipping containers W W 
367 Electronic components, accessories, and other electrical equipment - 6,160 6,130 
317 Motor vehicles and equipment W W 
Total I 6,450 6,420 
Storage batteries: 
3691 Storage battery grids, post, etc. 389,000 478,000 
3691 Storage battery oxides LAM 750,000 806,000 
Total storage batteries 1,140,000 1,280,000 
27 Type metal, printing and allied industries (3) (3) 
34 Other metal products? mn 5,790 8,800 
Grand total 1,260,000 1,410,000 
Other oxides: 
285 Paint W W 
32 Glass and ceramics products W W 
28 Other pigments and chemicals W W 
Total 10,100 9,760 
Miscellaneous uses 12,200 13,700 
Grand total 1,290,000 1,430,000 


W Withheld to avoid disclosing company proprietary data; included in appropriate totals. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
2610 Standard Industrial Classification. 

3Included with “Metal products: Other Metal products." 


‘Included with a 
Sincludes lead consumed in foil, collapsible tubes, annealing, galvanizing, plating, electrowinning, 


weights. 
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“Metal products: Sheet lead: Building construction” to avoid disclosing company proprietary data. 
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TABLE 6 
U.S. CONSUMPTION OF LEAD IN 2010, BY STATE! 


(Metric tons, lead content) 


BEER MEME >=“ а“ LE 


Refined antimonial ^ Lead in copper- 
State soft lead lead alloys base scrap Total 

California and Washington 25,600 1,010 1,890 -- 28,500 
Illinois 10,800 16,000 - -- 26,800 
Iowa, Michigan, Missouri 12,100 34,500 W -- 46,600 
Ohio and Pennsylvania 108,000 87,000 39,500 W 235,000 
Arkansas and Texas 56,400 19,800 -- -- 76,100 
Alabama, Georgia, Oklahoma 28,300 5,760 W -- 34,100 
Indiana, Kansas, Kentucky, Minnesota, 

Nebraska, Tennessee, Wisconsin 134,000 101,000 28,800 W 263,000 
Connecticut, Maryland, New J ersey, New York, 

North Carolina, South Carolina 2,560 538 64 -- 3,160 
Various States 515,000 75,600 127,000 602 718,000 
Total 802 718,000 


otal 893,000 341,000 197,000 602 1,430,000 
W Withheld to avoid disclosing company proprietary data; included in "Various States." -- Zero. 


Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes lead that went directly from scrap to fabricated products. 


TABLE 7 
U.S. CONSUMPTION OF LEAD IN 2010, BY CLASS OF PRODUCT? 


(Metric tons, lead content) 


Lead in Lead in 


Refined — antimonial Lead in copper- 


Product soft lead lead alloys base scrap Total 
Metal products 54,900 63,600 W W 124,000 
Storage batteries 814,000 277,000 192,000 -- 1,280,000 
Miscellaneous? 23,500 (4) Ww W 23,500 
Total 893,000 341,000 197,000 602 1,430,000 


W Withheld to avoid disclosing company proprietary data; included in "Total." -- Zero. 
"Рата are rounded to no more than three significant digits; may not add to totals shown. 
"Includes lead that went directly from scrap to fabricated products. 

"Included in "Miscellaneous" are other oxides and gasoline additives. 

*Withheld to avoid discosing proprietary data; included in "Storage batteries." 


TABLE 8 
STOCKS OF LEAD AT CONSUMERS AND SECONDARY SMELTERS 


IN THE UNITED STATES, DECEMBER 31"? 


(Metric tons, lead content) 


А 


Refined antimonial Leadin  copper-base 
Year soft lead lead alloys scrap Total 
009,000 2500 МО Љу 6460 


W Withheld to avoid disclosing company proprietary data; included in “Total.” 
"Data are rounded to no more than three significant digits; may not add to totals shown. 


2 ; : 
Includes stocks at primary refineries. 
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TABLE 9 
PRODUCTION AND SHIPMENTS OF LEAD PIGMENTS AND OXIDES IN THE UNITED STATES! ? 


(Metric tons and dollars) 


EMEN лавина“ Аш 
----- 2 с 


Production Shipments* Production Shipments® 
Gross Lead Quantity Gross Lead Quantity 
Product weight ^ content (lead content) Value? weight content (lead content) Value’ 
Litharge, red lead and white lead, dry -- -- 2,520 $3,400,000 - -— 3,450 — $7,000,000 
Leady oxide | 784,000" 745,000! МА МА 1,050,000 996,000 МА МА 


Data are rounded to no more than three significant digits; may not add to totals shown. 


?"Excludes basic lead sulfate to avoid disclosing company proprietary data. 


3At plant, exclusive of container. 


TABLE 10 
U.S. IMPORTS FOR CONSUMPTION OF LEAD PIGMENTS AND COMPOUNDS, BY KIND! 


TE ae a aaO 


Quantity 
(metric tons, Value 
Kind lead content) (thousands) 
ЕЛ NNNM lll 

Chrome yellow, molybdenum orange pigments, lead-zinc chromates 1,270 $6,840 

Litharge 971 2,570 

Glass frits (undifferentiated) 25,800 37,400 

Total = 28100 46,800 
2010: 

Chrome yellow, molybdenum orange pigments, lead-zinc chromates 1,900 9,760 
E c REESE —— n (LL 1,470 5,440 
_ Glass frits (undifferentiated) ~ 25,300 45,900 
__ Tol о 28,600 61,000 


1 C ‚_, 
Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 


00 
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LLL NA NA 155000 9,0 м м 
Total 784,000 ' 745,000 ' NA NA 1,050,000 996,000 МА МА 
"Estimated. 'Revised. NA Not available. -- Zero. 
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TABLE 11 
U.S. EXPORTS OF LEAD, BY COUNTRY! 


2009 2010 


TN Quantity Value Quantity Value 
T Country (metric tons) (thousands) (metric tons) (thousands) 
іш Оте and concentrates, lead conten: я sa) 
ih Belgium 646 $268 4,320 $4,830 
ш) do Canada | 44,700 60,700 32,200 58,700 
ТЕЛ China 159,000 151,000 173,000 243,000 
" Шар 20,500 16,200 55,000 119,000 
"- Korea, Republic of 61,100 45,400 26,300 37,600 
TOUS Mexico 545 885 7,490 7,800 
Other 419 ' 157 ' 274 140 
Total 287,000 275,000 299,000 472,000 
Base bullion, lead content: 
Mexico 25 99 99 371 
Other 9 14 100 387 
Total 34 113 199 757 
Unwrought lead and lead alloys, lead content: OT SS US 

Belgium 9,550 8,500 18,200 16,400 

Brazil 2,200 2,440 11 8 

Сапада 5,390 8,780 6,670 10,400 

Chile 955 1,240 336 277 

China 252 232 1,290 1,980 

Japan 87 1,130 515 1,930 

Mexico 58,400 56,900 49,900 51,800 

Other 763 ' 822! 839 1,230 

Total 77,600 80,100 77,700 84,100 
Wrought lead and lead alloys, lead content: 

Canada 1,370 3,090 1,540 3,520 

Chile 244 942 34 115 

China 165 231 200 192 

Germany 24 46 257 278 

Haiti 162 160 113 107 

India 669 731 824 1,060 

Mexico 705 1,170 947 1,160 
 UnitedKingdom >=- 599 786 607 630 

Other 373 ' 1,140" 1,070 2,120 

Total о 4310 8280  — 5,90 9170 
Scrap, gross weight: 

Canada 79,000 37,700 8,060 8,770 
А 5,150 3,660 1,810 989 
м 11,000 2,900 2,290 3,540 
_ Korea, Republicof ^ ^ ^ мыз ыы зн — — 31,800 21,500 | 20,700 15,500 

Mexico 366 556 643 1,310 

Pakistan 971 184 20 15 
Paaa >=> ~ 121 123 171 274 

Spin ooo 700 id И : 

Taiwan 4,320 1,470 5,270 1,600 

United Kingdom 477 105 19 32 

Venezuela 493 201 45 48 
_Vienam ) 1,530 488 210 69 
JUR D Eee Mero e э чета 4,350 ' 2,740 ' 4,320 1,660 


Total 
-- 10500 72,000 43,500 33,800 


Revised. -- Zero. 
| е 
Data аге rounded to по more than three significant digits; may not add to totals shown. 


Source: U.S, Census Bureau. 


| TABLE 12 
U.S. IMPORTS FOR CONSUMPTION OF LEAD, BY COUNTRY’ 


С ТТТ По ПОДУ —ÁÀ— -- 


Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) 
Base bullion: 
Canada -- - 404 5817 
Мехісо 810 $2,200 159 806 
Other 34 52 38 94 
Total 844 2,250 602 1,720 
Pigs and bars, lead content: 
Canada 205,000 354,000 237,000 522,000 
Colombia 18 29 97 159 
France 267 1,080 730 2,210 
Germany 11 32 7 68 
_ Italy € Е 240 96 
Kazakhstan 3,500 4,460 - ы 
Mei 77 EM CE EE 41,100 47,200 29,400 25,800 
See ee MM NM E 991 1210 2 - 
а CE = 131 240 3,380 7,150 
ЕТЕР C сы 94 ' 125" 424 805 
сшы __ 251000 408,000 271,000 559000 
Reclaimed scrap, including ash and residues, lead content: С—С ИС р 
Canada 785 1,900 621 1,500 
E o HMM EMI EL 32 26 21 5 
Colombia ~~ 105 212 1,560 3,950 
Месо 


348 357 402 732 
Rusia 18 28 = 


United Kingdom КЕ = 616 1,580 
Omer ү 5 sis. A 
MU CU наннан да RR a за Јела a d Е ord 

Тога] 1,330 2,620 3,730 8,880 
a———— —A—JÜ|, V———————— ÀÀ—— 


Wrought lead, all forms, including wire and powders, gross weight: 
^ Argenins 7000 206 POWGers, gross weight: | 


Argentina 269 502 165 423 
Саа 133 426 


New Zealand 15 229 25 es 
United Kingdom 123 216° 95 322 
Ове NM— 43 ' 260 47 441 


'Revised. -- Zero, 


Data are rounded to no more than three significant di gits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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ТАВІЕ 13 
LEAD: WORLD MINE PRODUCTION OF LEAD IN CONCENTRATE, BY COUNTRY"? 


(Metric tons, lead content) 


Country? 2006 2007 2008 2009 2010 


Argentina 12,064 17,045 20,788 24,753 ' 22,000 
Australia 686,000 641,000 645,000 566,000 625,000 
Bolivia 11,955 22,798 81,602 84,535 ' 72,803 
Bosnia and Herzegovina* 1,000 2,600" 3,300 ' 2,100 ' 2,000 
Brazil 15,764 24,574 24,600 24,800 25,000 Р 
Bulgaria" 10,000 15,000 15,000 12,000 ' 12,000 
Burma' 2,000 2,000 3,000 ' 7,500 ' 7,000 
Сапада 83,096 75,135 98,974 68,761 64,859 ? 
Chile 672 1,305 3,985 1,511 900 * 
China" 1,330,000 1,410,000 1,500,000 1,600,000 1,850,000 
Georgia" 400 400 400 400 400 
Greece? 10,500 15,000 16,000 16,000 18,000 
Guatemala 28 165! 53" -- - 
Honduras 11,775 10,215 12,545 ' 14,471 ' 13,000 
India 69,200 71,500 87,300 92.000 95,000 
ап“ 24,000 2 25,000 26,905 "5 30,000 ' 30,000 
Ireland" 62,000 54,100 50,200 43,000 ' 45,000 
Кају“ 800 800 800 800 800 
Јарап 777 -- -- - -- 
Kazakhstan 48,100 40,200 39,000 39,400 36,100 
Korea, North* 13,000 13,000 13,000 13,000 13,000 
Korea, Republic of 17 12 449 2,064 ' 2,000 * 
Macedonia 15,600 32,000 34,000 * 52,000 46,000 
Mexico 120,450 120,000 100,725 143,838 158,206 
Morocco 53,000 44,800 40,000 40,000 * 35,000 
Namibia 11,830 10,543 14,062 20,000 ' 20,000 * 
Pu 313,325 329,154 345,109 302,459 ' 261,902 
Poland 97,600 ' 79,400 ' 87,700 ' 80,400 ' 70,000 * 
Romania 6,269 1,000 26 -* -* 
Russia" 36,000 50,000 60,000 70,000 97,000 
Serbia" 1,400 ' 1,600 ' 1,600 ' 1,800 ' 2,000 
South Africa 48,273 41,857 46,440 49,149 49,715 
Sweden 76,800 62,100 60,000 60,000 * 60,000 * 
Tajikistan 800 800 800 800 800 
Turkey" 13,000 ' 32,000 ' 25,000 ' 26,000 ' 27,000 
United Kingdom* 500 500 500 500 500 
United States 429,000 444,000 410,000 406,000 369,000 
Vietnam 14,900 19,200 14,200 ' 7,700 ' 7,000 * 
Total 3,630,000 ' 3,720,000 ' 3,880,000 ' 3,900,000 ' 4,140,000 


"Estimated. "Preliminary. "Revised. -- Zero. 


World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


"Table includes data available through July 7, 2011. 
"In addition to the countries listed, lead is also produced in Nigeria, but information is inadequate to formulate reliable estimates of output levels, 


"Year beginning March 21 of that stated. 
"Reported figure. 
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TABLE 14 
LEAD: WORLD REFINERY PRODUCTION, BY COUNTRY"? 


(Metric tons) 


Country? 2006 2007 2008 2009 2010 
Algeria, secondary‘ 
imas норы CEN 


5,000 5,000 5,000 5,000 5,000 
—оыы,П—— и 


Argentina: 
Primary 12,064 11,588 13,482 12,558 ' 12,000 € 
Secondary 37,000 49,000 59,000 70,000 5% 70,000 ° 
Total 49,064 60,588 72,482 82,558 ' 82,000 ° 
Australia: боси ~ не 
Primary . 206,000 202,000 221,000 204,000 178,000 
Secondary 27,000 27,000 27,000 25,000 26,000 
Total 233,000 229,000 248,000 229,000 204,000 


isi. go ees ке 
Austria, secondary 28,120. 28,564 26,902 23,000 * 24,000 * 
Belgium: ~~~ Å ewe IP UU OE ue 


a ——с—— St 


Primary ne mE d 27 - 
“Secondary ~~ 101,400 ' 117,200 ' 109,000 ' 109,000 ' 121,000 ° 
ШЕ CE 101,400 ' 117,200 ' 109,000 ' 109,000 ' 121,000 ° 
Bova  ------- 318 301 473 269 * zi 
Brazil, secondary 108,951 ' 130,963 ' 95,704 ' 96,000 ' 112000 
Bulgaria: 

Primary / ------ 64,000 73,000 “ 73,000 70,000 68,000 
_Seconday ~~~ 12,000 14,000 4 14,000 13,000 13,000 


Py a D 
Burma, primary 537 165 202 200 * E 
Canad: — о 
ae a ыы лыы ыы шы гу, А 
Ргітагу 115,989 95,577 105,526 101,484 105,836 
р 
Secondary 134,475 141,111 153,549 157,370 167,042 
Se ae gate oo d" — ЕНИ а 
Total 250,464 236,688 259,075 258,854 272,878 
Primy — — 


2,130,000 2,140,000 2,350,000 2,480,000 2,840,000 
ae - 590,000 650,000 850,000 1,230,000 1,360,000 
сас 2,720,000 2,790,000 3,200,000 3,710,000 4,200,000 
Czech Republic, secondary? /-/------ 29,000 34,000 36,000 29,000 ' 30,000 


Estonia, secondary 9,000 10,000 10,000 * 10,000 * 10,000 
Frans: — — À Но 
Ел uM ТТГ. у ыу -- -- -- қ 
cc PER 100,195 100,200 88,000 88,000” n 
Total КІСІ ЗЕКТІ egoo: NECI IR OM 


uu coe edes a 100,200 ' 88,000 ' 
Germany: uo e ec S cus ON Lc Teen 
Primay ——  —— 


[3 
DERE: 113,760 110,934 113,200 104,900” a 
c --- 265,190 294,147 301,900 285,700" ыз 
e a 378,950 405,081 415,100 390,600 ' 405 Е 
reece, secondary 4,00 
5,000 4,000 : 
Inda esee eeu Lr o 5,000 5,000 
B CREME тышлы шый мы бз, с. с 
НИ 49,600 ' 53,800! 62,000 62,000" iem 
p ня 170,000 ' 185,000 ' 212,000 ' 245,000 ' s 
ota f г 313 00 
219,600 г т 307,000 у 
Indonesia, secondary ^ ————————— 238,800 274,000 


18,000 
19,000 18,000 : 
dan о о о шшш ы ы ы. 18,500 18,500 
Prima 
ді 20,000 
25,000 ‚000 А 
Secondary 25,000 20,000 20,0 55,00 


50,000 00 
Total 20000 E 2° 75,000 
75,000 75,000 75,000 75,000 
See footnotes at end of table. | 
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TABLE 14—Сопнпиед 
LEAD: WORLD REFINERY PRODUCTION, BY COUNTRY"? 


(Metric tons) 


__ ош м шю ме 
Ireland, secondary’ 22,000 22,500 22,500 19,000 ' 20,000 
Israel, secondary 25,000 25,000 27,000 22,000 ^* 25,000 * 
Italy: 
Primary 34,600 45,000 47,800 15,000 * 15,000 * 
Secondary 155,900 165,000 164,000 134,000 * 134,000 * 
Total 190,500 210,000 211,800 149,000 * 149,000 * 
Japan: 
Primary 108,271 104,527 107,005 96,974 ' 98,000 
Secondary 171,743 ' 171,795 172,454 150,871" 160,000 
Total 280,014 ' 276,322 279,459 247,845 ' 258,000 
Kazakhstan, primary and secondary 115,974 117,641 105,766 ' 80,994 ' 103,110 
Kenya, secondary" 1,000 1,000 1,000 500 ' 800 
Korea, North, primary and secondary 9,000 9,000 9,000 9,000 9,000 
Korea, Republic of: К 
Ритагу 163,379 195,022 244,137 222,461 ' 200,000 * 
Secondary" | 56,000 60,000 60,000 60,000 60,000 
Total 219,379 255,022 304,137 282,461" 260,000 * 
Malaysia, secondary"? 73,000 73,000 73,000 70,000 71,000 
Mexico: 
шыў SS 102,498 102,000 * 89,838 100,361 100,000 
Seconda? = ~~~ 110,000 110,000 110,000 110,000 110,000 
B MM MEUM M 212,498 212,000 * 199,838 210,361 210,000 
ECC HUNE E MEME E 38,000 45,000 45,000 45,000 45,000 
ET —— —— 3.000 3,000 3,000 3,000 2,500 
а 2224100: 4800: 48000 48,000 47,500 
Netherlands, secondary* 18,000 17,000 17,000 17,000 17,000 
New Zealand, secondary* 7,000 7,000 9,000 13,000 9,000 
Nigeria, secondary 5,000 5.000 5,000 5.000 5,000 
Pakistan, secondary* 3,100 3,000 3,000 2,900" 2,900 
Peru, primary 120,311 116,774 114,259 26,082 ' = 
Philippines, secondary? 30,000 34,000 ' 34,000 " 40,000 ' 40,000 
Poland: 
Pimy — 26,200 37,200 38,000 ' 30,000 ' 35,000 
Е 56,600 67,000 70,200 ' 70,400 ' 77,000 
Шр OE неи 82,800 104,000 108,000 ' 100,000 ' 112,000 
Portugal, secondary 3,000 3,000 3,000 3,000 3,000 
Romania: 
E OMM CH EE 29.130 = 34,368 54 34,000 9,000 ' 8,000 
Secondary 5.000 5,000 5,000 5,000 3,000 
Total 34,100 39,400 ' 39,000 14,000" 11,000 
Russia, primary and secondary* 78,000 94,000 80,000 73,000 89,000 
Saudi Arabia, secondary 38,000 38,000 38,000 38,000 38,000 
Serbia, prima ; 1,273 ' 929 ' 900 ^* 900 * 
Slovenin, dy НУ 5. 15,000 15,000 14,000 14,000 
C TOP 67,000 59,000 62,000 55,000 * 58,000 * 
Sain, жону т=з 129,000 ' 128,000 ' 125,000 " 125,000 ' 125,000 * 
LEAD—20 10 42.17 


TABLE !4—Continued 
LEAD: WORLD REFINERY PRODUCTION, BY COUNTRY"? 


(Metric tons) 
зар“ СЫ | 2 ——— 
2006 
e 2007 2008 _ 2009 2010 
ал 
Рита 
a 26,000 26,000 26,000 26,000 26,000 
uM "o EN 40,000 40,000 40,000 40,000 35.000 
66,000 66,000 
"M un —— і 66,000 66,000 61,000 
учта secondary 9,600 * 9.000 8,000 8.000 8,000 
i 5 
= зесопдагу 55,000 55,000 55,000 40,000 35.000 
а ап ‚ Secondary 61,160 73,159 73,303 55,504! 70,000 * 
Tunisia, secondary EE r r | r ; 
| К ^ = 
d en | 6,000 6,000 6,000 6.000 6,000 
eet secon 2 7,000 ' 7,000 ' 7,000 ' 7.000 ' 7.000 
United Arab Emirates, secondary 2.000 2.000 2.000 2.000 ^ 
. . > > : = = 
United Kingdom: | = 
Е ааа аен 
Ргітагу 174,700 ' 119,000 " 139,000 ' 135,000 ' 150,000 
Secondary 144,000 144,000 ' 144,000 144,000 144,000 
_ Total 318,700 ' 263,000 ' 283.000 ' 279,000" — 294000 
United States: 
Primary 153,000 123,000 135,000 103.000 115,000 
Secondary 1,160,000 1,180,000 1,140,000 1,110,000 - 1,140,000 
Total 1,310,000 1,300,000 1,280,000 1,210,000 1,250,000 
Venezuela, secondary | 30,000 30,000 30,000 30,000 30,000 
. е 
Zambia, secondary 1,000 1,000 1,000 1,000 1,000 
Grand total ... 8,100,000 ' 8,300,000 ' 8,770,000 ' 8,890,000 ' 9,490,000 
Of which: 
Primary 3,690,000 ' 3,660,000 ' 3,980,000 ' 3,860,000 ' 4,200,000 
Secondary 4,200.000 ' 4,420,000 ' 4,600,000 ' 4,860,000 ' 5,090,000 
Undifferentiated 206,000 222,000 196,000 - 164,000" 20/0 - 


“Estimated. PPreliminary. ‘Revised. -- Zero. 

World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 

?Table includes data available through July 7, 2011. Data included represent the total output of refined lead by each country, whether derived from ores and 
concentrates (primary) or scrap (secondary), and include the lead content of antimonial lead but exclude, to the extent possible, simple remelting of scrap. 

In addition to the countries listed, Colombia, Egypt, El Salvador, Iraq, and Trinidad and Tobago produced secondary lead, but output is not officially reported; 
available general information is inadequate for the formulation of reliable estimates of output levels. 


‘Reported figure. 
*Metal Reclamation Industries’ secondary lead smelter is receiving some primary mine concentrates from the Magellan Mine (Australia), The ore minerals are 


lead oxides and can be smelted at a secondary smelter. 


Includes lead content in antimonial lead. ' 
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LIME 
By M. Michael Miller 
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‚ 1n2010,the U.S. economy began a slow recovery from 


Tue the longest recession since the 1930s. Increased consumption 


. insteelmaking, chemical and industrial uses, and in flue gas 

; desulfurization (FGD) led a surprisingly strong recovery in 

" domestic lime production. In 2010, lime production increased 
by 2.5 million metric tons (Mt) (about 2.8 million short tons) 

апі thus regained a large portion of the 4.1 Mt (4.5 million short 
tons) decrease reported for 2009. Lime sold and used in the 

) United States totaled 18.3 Mt with a value of $1.92 billion 

) (table 1). 
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The term lime as used throughout this chapter refers primarily 
# to six chemicals produced by the calcination of high-purity 
y calcitic or dolomitic limestone followed by hydration 
м Where necessary. There are two high-calcium forms—high- 
calcium quicklime (calcium oxide, CaO) and high-calcium 
y hydrated lime [calcium hydroxide, Са(ОН),1. There are four 
ys dolomitic forms—dolomitic quicklime (CaO*MgO), dolomitic 


— 


i hydrate type М [Ca(OH),*MgO], dolomitic hydrate type S 
и (Ca(OH),*Mg(OH),], and refractory dead-burned dolomite 
4. (CaO*MgO). Lime also can ђе produced from a variety of 


FN calcareous materials, such as aragonite, chalk, coral, marble, and 


| shell. It also is regenerated (produced as a byproduct) by paper 
" mills, carbide plants, and water-treatment plants. Regenerated 
lime, however, is beyond the scope of this report. 


‘wt 


1 [4 ә 
_2 Legislation and Government Programs 


wi 
vini 


Б calcination. In May, the U.S. Environmental Protection Agency 


ut 


The lime industry is a significant producer of greenhouse 
а Bases, primarily in the form of carbon dioxide generated from 
the calcination of limestone and from fuels burned to achieve 


(EPA) issued a final rule that addresses greenhouse gas (GHG) 
emissions from stationary sources under the Clean Air Act 
(CAA) permitting programs. This final rule sets thresholds 
for GHG emissions that define when permits under the New 
Source Review Prevention of Significant Deterioration (PSD) 
and CAA Title V Operating Permit programs are required for 
new and existing industrial facilities. This final rule “tailors” 
the requirements of these CAA permitting programs to facilities 
“sponsible for nearly 70% of national GHG emissions from 
Stationary sources. Beginning in January 2011, facilities already 
Subject to PSD permitting that wish to construct a new facility or 
modify an existing facility with expected GHG emissions above 
75,000 short tons per year (on a carbon dioxide equivalent basis) 
Mes be subject to GHG permitting requirements under PSD, 
i су would need to determine the best available control 
eehnology (BACT) for their GHG emissions. This rule would 
apply to the Nation’s largest GHG emitters, such as cement 
Plants, Powerplants, and refineries, as well as lime plants (U.S. 
‘vironmental Protection Agency, 2010b). 
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Domestic survey data and tables were prepared by Shonta E. Osborne, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


In November, the EPA published GHG BACT guidance, 
where BACT was defined as an emissions limitation based 
on the maximum degree of reduction for GHGs that would be 
emitted from any proposed major stationary source or major 
modification of an existing source. In the BACT review, 
permitting agencies must identify available control technologies, 
eliminate those that are technically impractical, rank remaining 
controls based on environmental effectiveness, and evaluate cost 
effectiveness of controls and energy and environmental impacts 
(U.S. Environmental Protection Agency, 20102). 


Production 


Domestic production data for lime were derived by the 
U.S. Geological Survey (USGS) from a voluntary survey of 
U.S. operations. The survey was sent to primary producers of 
quicklime and hydrate, but in order to avoid double counting, it 
was not sent to independent hydrators that purchase quicklime 
for hydration. Quantity data were collected for 28 specific and 
general end uses, and value data were collected by type of 
lime, such as high-calcium or dolomitic. Because value data 
were not collected by end use, value data listed in table 3 were 
determined by calculating the average value per metric ton of 
lime sold or used for each respondent and then multiplying that 
figure by the quantity of lime that the respondent reported sold 
or used for each end use. Table 3 lists the total quantity sold 
or used for an end use and the total value of the quicklime and 
hydrate sold or used for that end use calculated as described 
above. A similar methodology using average hydrate values was 
used to calculate the value of hydrate sold and used listed in 
table 4. 

In 2010, of the 85 operations that were canvassed, responses 
were received for 75 plants, representing 96% of the total sold 
or used by producers. Production data for the nonrespondents 
were estimated based on prior-year production figures and 
other information or were included with data reported for other 
operations. 

Lime is a basic chemical that was produced as quicklime in 29 
States and Puerto Rico. During 2010, quicklime was produced at 
76 lime plants, and included 32 plants with collocated hydrating 
plants. Hydrated lime also was produced at 15 standalone 
hydrating facilities, including 3 plants where the kilns had 
been shut down and hydrate was manufactured from quicklime 
produced offsite. These numbers do not necessarily agree with 
the number of plants reported in tables 1 and 2 because, for 
data collection purposes, some company operations have been 
combined at the respondent's request. In a few States with no 


. quicklime production, hydrating plants used quicklime shipped 


from other States. There were also a small number of slurry 
plants where lime was converted to liquid form by the addition 
of water prior to sale; this is sometimes called milk-of-lime. 
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In addition to stationary slurry plants, there were mobile hot 
lime slurry production systems designed to slake quicklime or 
slurry hydrated lime to the percent solids required for each job. 
States with production exceeding 2 Mt were, in descending 
order, Missouri and Alabama; States with production between 
1 and 2 Mt were, in descending order, Kentucky, Ohio, Texas, 
Pennsylvania, and Nevada. 

Total lime sold or used by domestic producers in 2010 was 
18.3 Mt, an increase of 2.5 Mt or about 1696 compared with that 
of 2009. Production included the commercial sale or captive 
consumption (described by the term used") of quicklime, 
hydrated lime, and dead-burned refractory dolomite. Data 
were incomplete on production of hydrated lime because some 
producers do not report data on downstream hydrating plants. 
Traditionally, most U.S. lime production sold and used is in 
the form of high-calcium quicklime. In 2010, the production 
of high-calcium quicklime increased by nearly 1796 to 13.8 
Mt (15.2 million short tons), and accounted for 75% of total 
production. The production of high-calcium hydrate increased 
by 13%. Production of dolomitic quicklime increased by 15%, 
but production of dolomitic hydrate continued to be adversely 
affected by the depressed housing and construction markets and 
decreased by 8%. Commercial sales increased to 16.9 Mt (18.6 
million short tons), and captive consumption increased to 1.37 
Mt (1.51 million short tons). 

In 2010, there were only minor company changes in the U.S. 
lime industry. Chemical Lime Co. (Fort Worth, TX) changed its 
name to Lhoist North America to more closely align its North 
American operations with its parent, the Lhoist Group (Brussels, 
Belgium). Missouri Lime LLC (Bonne Terre, MO) was sold in 
the fall and was in the process of changing its name to Valley 
Minerals LLC. ш | 

Although the lime industry reported significant production 
increases at many plants, a number of the plants idled in 
2009 remained shut down during 2010. These included three 
Lhoist North America plants (Douglas, AZ; Tenmile, ID; and 
Grantsville, UT) and two Carmeuse Lime & Stone plants (South 
Chicago, IL; and Winchester, VA). | | 

At yearend, the top 10 companies were, 1п descending order 
of U.S. lime production, Carmeuse, Lhoist, Graymont Ltd., 
Mississippi Lime Co., United States Lime & Minerals, Inc., 
Western Lime Corp., Martin Marietta Magnesia Specialties 
LLC, Southern Lime Co., ArcelorMittal USA Inc., and 
American Crystal Sugar Co. These companies reported 

oduction from 45 lime plants and 12 separate hydrating plants 
ie accounted for nearly 91% of the combined commercial lime 


sales and 88% of total lime production. 


Consumption 

economy was recovering from the longest 
'on since the Great Depression of the 1 930$, and lime 

аы ка reflected the Nation's economic recovery—strong 


in some sectors while lagging in others. The approximate 
ins 


breakdown от 1 ion by d-use sectors was 
ime consumption b general en | 

P llows: оң for metallurgical uses, 32% for environmental 

as 10 


: i for construction 
ical and industrial uses, 9% 

uses, 23% T pecia dolomite (table 3). These end-use 
uses, and 1% d on lime sold and used by domestic producers 


In 2010, the U.S. 


data were base 
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and do not include lime imports. Consumption for metallurgical 
uses, which had accounted for 5796 of the overall decrease in 
lime consumption in 2009, recorded the most significant gains 
in 2010, increasing by 1.55 Mt and accounting for 62% of the 
overall increase in lime consumption. Other market sectors 
recorded significant but much smaller increases—environmental 
[501,000 metric tons (t)], chemical and industrial (287,000 t), 
and construction (127,000 t). 

Commercial sales accounted for 9296 of domestic production. 
Captive lime accounted for the remainder of domestic 
production and was used mainly in the production of steel 
in basic oxygen furnaces (BOF), sugar refining, magnesia 
production, and refractories. Almost all data on captive lime 
production are withheld to avoid disclosing company proprietary 
information. As a result, table 3 lists the total quantity and value 
of lime by end use. End uses with captive production are listed 
in footnote 4 of the table. 

In steel refining, quicklime is used as a flux to remove 
impurities, such as phosphorus, silica, and sulfur. The steel 
industry accounted for 29% of lime sold by domestic lime 
companies and the lime produced and used by ArcelorMittal 
USA from its captive lime plant. In 2009, U.S. steel production 
decreased by 36% (33.2 Mt) compared with that of 2008, and 
raw steel capacity utilization at U.S. steel mills averaged only 
51% for the year. In 2010, demand picked up significantly and 
steel production increased by 3896 (22.4 Mt) to 80.6 Mt and raw 
steel capacity utilization averaged 7096 (Fenton, 2011; World 
Steel Association, undated). In 2010, lime consumption from 
domestic sources for steelmaking and related uses was 5.3 Mt, 
an increase of 39% compared with that of 2009. 

In nonferrous metallurgy, lime is used in the beneficiation of 
copper ores to neutralize the acidic effects of pyrite and other 
iron sulfides and to maintain the proper pH in the flotation 
process. Lime is used to process alumina and magnesia, 
to extract uranium from gold slimes, to recover nickel by 
precipitation, and to control the pH of the sodium cyanide 
solution used to leach gold and silver from the ore. Gold and 
silver are recovered using heap leaching and by conventional 
milling and subsequent leaching of the slurry. The sodium 
cyanide solution dissolves gold from the ore and forms a stable 
gold-cyanide complex, and the gold can then be separated 
through the use of highly activated carbon. Heap leaching 
involves crushing the ore, mixing it with lime for pH control 
and agglomeration, and stacking the ore in heaps on specially 4 
prepared pads for treatment with cyanide solution. Lime Is use 
to maintain the pH of the cyanide solution at a level between 
10 and 11 to maximize the recovery of precious metals and to 
prevent the creation of hydrogen cyanide. Lime consump? 
data for these various uses (aluminum and bauxite processing, 
concentration of copper and gold ores, and unspecified 
nonferrous uses) are combined to avoid disclosing оа 
proprietary data and are reported in table 3 under meta s 

; tion in попе 
nonferrous metallurgy. In 2010, lime consump only 

% to 1.13 Mt, but this was 

metallurgy increased by about 5 % to ded in 2009. 
a modest recovery from the 21% decrease recor consumption | 
Although specific data are not collected gd 22. 
for copper recovery or for gold deci um pus rdi 
nonferrous lime consumption Was likely the 
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increase in gold production of about 7% compared with that of 

2009 (George, 2011). Copper flotation concentrate production, 

in comparison, decreased by about 4% in 2010. Mine production 

of copper was at its lowest level since 1985 owing to lower ore 
grades and production cutbacks announced following the sharp 

fall in copper prices at yearend 2008 (Edelstein, 2011). 

Environmental remediation uses of lime in mining include 
treatment of the tailings that result from the recovery of precious 
metals, such as gold and silver. These tailings may contain 
elevated levels of cyanides, and lime is used to recover cyanides 
in such treatment processes as alkaline chlorination, Caro’s acid 
(H,SO,), Cyanisorb™, and sulfur dioxide/air. 

Lime is used, generally in conjunction with soda ash, for 
softening municipal and plant process water. This precipitation 
process removes bivalent soluble calcium and magnesium 
cations (and to a lesser extent, ferrous iron, manganese, 
strontium, and zinc) that contribute to the hardness of water. 

This process also reduces carbonate alkalinity and total 
dissolved solids. Lime consumption for drinking water treatment 
decreased by about 5% compared with that of 2009. 

In sewage treatment, the traditional role of lime is to 
control pH in the sludge digester, which removes dissolved 
and suspended solids that contain phosphates and nitrogen 
compounds. Lime also aids in clarification and in destroying 
harmful bacteria. The leading use in sewage treatment is 
to stabilize the resulting sewage sludge. Sewage sludge 
stabilization, also called biosolids stabilization, reduces odors, 
pathogens, and putrescibility of the solids. Lime stabilization 
involves mixing quicklime with the sludge to raise the 
temperature and pH of the sludge to minimum levels for a 
specified period of time. In 2010, lime consumption for all 

sludge treatment increased by nearly 17% compared with that of 
2009. 

In FGD systems serving coal-fired powerplants, incinerators 
(most are waste-to-energy powerplants), and industrial plants, 
lime is injected into the flue gas to remove acidic gases, 
particularly sulfur dioxide (SO,) and hydrochloric acid (НСІ). 

It also may be used to stabilize the resulting sludge before 
disposal. Many FGD systems at utility powerplants are now 
designed to produce byproduct gypsum from the SO, emissions. 
This byproduct material is suitable for use in manufacturing 
gypsum wallboard, as an additive in portland cement, and as a 
soil amendment in agriculture. Hydrated lime may be used in 
another FGD-related market—to control sulfur trioxide (SO) 
emissions from selective catalytic reduction (SCR) systems 
installed at powerplants to control emissions of nitrogen oxides 
(NOx). Utility powerplants were by far the largest consumers 
of lime for FGD and accounted for 92% of the total FGD 

lime market in 2010. [ncinerators, industrial boilers, and other 
FGD uses accounted for the remaining 8%. The FGD market 
benefitted from increased coal consumption for electricity 
generation as a result of the unusually long, hot summer 
experienced in the East and South. In 2010, lime consumption 
in all FGD markets increased by 421,000 t, but most of the 
increase was in the utility powerplants sector. The trend toward 
greater use of hydrated lime to treat SO, emissions from SCR 
Systems at utility powerplants continued with consumption 
increasing by 39% compared with that of 2009. 
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Lime is used by the pulp and paper industry in the basic 
Kraft pulping process where wood chips and an aqueous 
solution (called liquor) of sodium hydroxide and sodium 
sulfide are heated in a digester. The cooked wood chips (pulp) 
are discharged under pressure along with the spent liquor. The 
pulp is screened, washed, and sent directly either to the paper 
machine or to the bleaching plant. Lime is sometimes used to 
produce calcium hypochlorite bleach for bleaching the paper 
pulp. The spent liquor is processed through a recovery furnace, 
where dissolved organics are burned to recover waste heat, 
sodium sulfide, and sodium carbonate. The recovered sodium 
sulfide and sodium carbonate are diluted with water and then 
treated with slaked lime to recausticize the sodium carbonate 
into sodium hydroxide (caustic soda) for reuse. The byproduct 
calcium carbonate is recalcined in a lime kiln to recover lime 
for reuse. The paper industry also uses lime as a coagulant aid 
in the clarification of plant process water. In 2010, consumption 
for pulp and paper production increased by about 496 compared 
with that of 2009. 

Lime is used to make precipitated calcium carbonate (PCC), 
a specialty filler used in premium-quality coated and uncoated 
papers, paint, and plastics. The most common PCC production 
process used in the United States is the carbonation process. 
CO, is bubbled through milk-of-lime to form a precipitate of 
calcium carbonate and water. The reaction conditions determine 
the size and shape of the resulting PCC crystals. Lime used for 
324 production increased by nearly 7% compared with that of 

The chemical industry uses lime in the manufacture of alkalis. 
Quicklime is combined with coke to produce calcium carbide, 
2. ө i n acetylene and calcium cyanide. Lime is 

caicium hypochlorite, citric acid, petrochemicals 

and other chemicals. , 
к ed оо is used to raise the pH of the 
is then ы нө ы ni P The lime itself 
carbonate. 2 9 precipitate calcium 

In road paving, hydrated lime is used 1 : 
act as an antistripping agent. им eo to 
loss of adhesion between the aggregate surface к th в 
cement binder in the presence of moisture Lime е asphalt 
. T | also is used 
in cold in-place recycling for the rehabilitation of dj 
asphalt pavements. Existing asphalt pavement is didis Sed 
gis a milling machine, and a hot lime slurry is йү 

i a 

with asphalt emulsion. The cold recycled mix is placed 


ng equipment, whic 
w asphalt surface. In 2010, sales 


Without 


me Stabilization 


43.3 


rr 


included the construction of airfields, building foundations, 
earthen dams, parking areas, and roads. 
Lime sales for soil stabilization tend to be cyclical, especially 
in large market areas, such as Texas. In soil stabilization, 
lime competes with cement, cement kiln dust, fly ash, and 
other additives (liquid enzymes, for example). Choices made 
by consumers can depend on availability, price, contract 
specifications, soil chemistry, and State and Federal funding 
in the case of highway construction projects. In 2010, the soil 
stabilization market continued to be adversely affected by the 
slow recovery from the recession and by reduced highway 
spending at the State level, although some additional Federal 
funding would have been available from the American Recovery 
and Reinvestment Act of 2009, which was signed into law in 
February 2009. Primarily as a result of increased demand for a 
small number of specific projects, lime sold for soil stabilization 
increased to 983,000 t or by 1696 compared with that of 2009. 
This was, however, still 3096 less than the quantity sold for 
stabilization in 2008 (1.41 Mt) and 36% less than that of 2007 
(1.54 Mt). 
Hydrated lime is used in the traditional building sector 
in mortars, plaster, and stucco. Standard cement mortars 
that include lime exhibit superior workability balanced 
with appropriate compressive strength, as well as low water 
permeability and superior bond strength. Lime is a major 
constituent in exterior and interior plasters and stuccos, 
enhancing the durability, strength, and workability of these 
finishes. A small amount of hydrated lime also is used in the 
renovation of old structures built with lime mortars, which was 
standard before the development of portland cement mortars. 
Modern portland cement mortars are incompatible with old lime 
mortars. Hydrated lime also is used to make synthetic hydraulic 
lime, which is produced by blending powdered hydrated lime 
with pulverized pozzolanic or hydraulic materials. | 
The U.S. Census Bureau collects data on construction 
spending for residential construction and 16 categories of 
esidential construction. Although the annual value of 
residential construction decreased only slightly, the annual value 
of nonresidential construction decreased by 14% compared with 
that of 2009 (U.S. Census Bureau, 201 1). Nearly all lime sold 
for traditional building uses is in the form of hydrate; in 2010, 
sales of hydrated lime for traditional building uses decreased 
by 11% compared with those of 2009. Most of the lime sold | 
for building uses Was BR ata handful of plants located in 
io, Texas, and Wisconsin. | 
о. dolomite, also called refractory lime, is used 
component in tar-bonded refractory brick Or monolithics 
ah d for use in BOF. Refractory brick also is used 1n 
Pi M ny treatment and casting ladles, in argon oxygen 
the lining = d vacuum oxygen decarburization converters, 
apud furnaces (EAF), and in continuous steel casting. 
Bele e orted in this chapter were rounded to 
Although Е 1 void disclosing company proprietary 
one significant figure 10 а ite increased b 
‘on of dead-burned dolomite increased by 
e aime that of 2009. Magnesita Refractories Co. 
20% ор pare ctories Co.) at its York, PA, plant and 
(formerly 2. и OH, plant were the only significant 
euse аї : Е ss А 
| ee Although dead-burned dolomite 15 the primary form 
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of lime used in refractories, hydrated lime may be used to 
produce silica refractory brick used to line industrial furnaces. 


Prices 


The average values per ton for the various types of lime are 
listed in table 5. All value data for lime are reported by type of 
lime produced—high-calcium quicklime, high-calcium hydrate, 
dolomitic quicklime, and dolomitic hydrate. To avoid revealing 
company proprietary data, value data for dead-burned dolomite 
are included with the averages for all types. 

Lime prices stabilized in 2010 after moderate annual increases 
in recent years and the large increase recorded in 2009. The 
following average values are compared with those of 2009. The 
average value for all types of lime sold increased slightly to 
$104.30 per metric ton ($94.60 per short ton). The average value 
for high-calcium quicklime sold increased by $2.40 per ton to 
$100.60 per ton ($91.30 per short ton). Reflecting increased 
supplies in the Midwest from plants that were idle all or part of 
2009, the average value for dolomitic quicklime sold decreased 
by nearly 7% to $104.30 per ton ($94.60 per short ton). The 
average value of high-calcium hydrate decreased slightly, while 
the average value of dolomitic hydrate increased slightly. 


Foreign Trade 


The United States exported and imported calcined dolomite 
(dolomitic lime), hydrated lime (slaked lime), hydraulic lime, 
and quicklime. Combined exports of lime were 215,000 t 
(237,000 short tons) valued at $36.2 million. About 88% of 
exports went to Canada, with the bulk of the remaining exports 
going to Russia (696) and Mexico (4%) (table 6). 

Combined imports of lime were 445,000 t (491,000 short 
tons) valued at $61.5 million, with 9096 from Canada, 9% from 
Mexico, and 1% from other countries (table 7). Canada was the 
primary import source of high-calcium quicklime and accounted 
for 9896 of the total. Imports of dolomitic quicklime came 
almost exclusively from Canada (6896) and Mexico (3176), 
as was the case for hydrated lime Canada (58%) and Mexico 
(40%). А. 

No tariffs are placed on imports of hydraulic lime, quicklime, 
and slaked lime from countries with normal trade relations 
(NTR) with the United States. A 3% ad valorem tariff is placed 
on imports of calcined dolomite from NTR countries. 
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There is only limited international trade in lime. Traditionally 


lime has been a low-value bulk product that could not " 
shipped long distances and compete with lime и ре | 
Most countries have limestone or dolomite deposits an i 
result are able to manufacture lime for their own NM 
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kilns to supply individual villages and by industries producing 
lime for captive consumption. These variations and the 

frequent confusion with limestone data make accurate reporting 
extremely difficult and certainly incomplete. In some cases, lime 
sales data have been used to estimate country production figures. 
Beginning in 2006, major revisions were made to the estimates 
for China based on new information. Beginning in 2009, major 
revisions were made to estimates for India, based on steel 
production and other market assumptions (table 8). 


Outlook 


Although insulated from some of the effects of economic 
downturns by having diverse markets, the U.S. lime industry 
experienced lost sales in most markets owing to the severity of 
the 2008-09 recession. Steelmaking remains the leading market 
for lime, and the slowly recovering economy has seen a rebound 
in domestic steel production, but it still is significantly below 
prerecession levels. U.S. steel production is expected to exhibit 
a modest increase in 2011, with greater growth expected in 
2012. Lime sales for steelmaking are expected to follow suit. 

FGD is the second leading end-use market for lime. With the 
economy recovering, albeit slowly, electric power generation 
rates are expected to increase, and lime consumption for FGD 
also is expected to increase. Long-term growth is still expected 
inthe FGD and related markets as a result of EPA’s replacing 
the clean air interstate rule (CAIR). CAIR was vacated in July 
2008 by the Circuit Court for the District of Columbia Court 
of Appeals but was revived when the court agreed with the 
EPA that the effect of vacating the CAIR was detrimental to 
the environment. The EPA was instructed, however, to revise 
or replace the CAIR in order to fix major flaws. In July 2010, 
the EPA proposed a rule known as the clean air transport 
tule (CATR) that would require 31 States and the District of 
Columbia to significantly improve air quality by reducing 

powerplant emissions that contribute to ozone and fine particle 
pollution in other States. Specific to the FGD market, 28 States 
would be required to reduce annual SO, and NOx emissions. 
The final rule was expected in midyear 2011 and would go into 
effect | year after passage of the final rule, although a delay 

to allow utilities more time to comply was being proposed by 
industry. 

The CATR may have mixed results with respect to lime 
consumption for FGD. Utilities may install additional FGD 
controls but also may choose to switch fuels from coal to 
cleaner burning natural gas and to retire older plants and replace 
them with natural-gas-fired plants. Fuel switching makes 
economic sense, especially if natural gas prices stay within a 
range of $4 to $7 per million British thermal units (Btu). By 
comparison, coal prices in 2010 suggested an estimated coal 
cost for powerplants of $4.75 per million Btu. There is already 
evidence of a shift from the use of coal to natural gas in the 
utility market. In 2010, coal accounted for an estimated 47% 
of electricity generated compared with 51% in 2005. In 2010, 
natural gas’ share was an estimated 23% compared with 17% in 
2005 (Zhou, 2010). 

The nonferrous metallurgy market for lime is expected to 
benefit from increased U.S. mine production of copper in 2011, 
following restoration of production at curtailed operations. 
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United States? 
Number of plants' 
Sold or used by producers: 


TABLE I 


SALIENT LIME STATISTICS? 


Quicklime: 
High-calcium thousand metric tons 
Dolomitic do. 
Total do. 
Hydrated lime: 
High-calcium do. 
Dolomitic do. 
_____ Total cu do. 
Dead-burned dolomite’ do. 
Grand total: 
Quantity do. 
Value? thousand dollars 


Average value 
Lime sold by producers: 


dollars per metric ton 


thousand metric tons 


Quicklime 

Hydrated lime o do. 
Total do. 
и Value thousand dollars. 
Lime used by producers thousand metric tons 
Value thousand dollars 
Exports: u 
. Quantity | Е до. 
. Value _ " do. 

Imports for consumption:' 
Quantity thousand metric tons 
Value thousand dollars 


Consumption, apparent? 
World, production 
*Estimated. 'Revised. do. Ditto. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


thousand metric tons 
do. 


2006 


91 


15,000 
2,950 
18,000 


2,370 
409 
2,780 
200 


21,000 
1,700,000 
81,20 


16,600 
2,780 
19,400 
1,560,000 
1,620 
144,000 


116 
19,200 


298 
36,300 
21,200 


285,000 ' 


2То convert metric tons to short tons, multiply metric tons by 1.1 02. 
ЗЕхсішдев regenerated lime; includes Puerto Rico. 


^includes most producer-owned hydrating plants not located at lime plants. 
5Data are rounded to no more than one significant digit to avoid disclosing company proprietary data. 


бег пр value, free on board plant. 
"Source: U.S. Census Bureau. 


8Defined as sold or used plus imports minus exports. 


2007 


89 


14,700 
2,700 
17,400 


2,240 
352 
2,590 
200 


20,200 
1,760,000 
87.10 


16,100 
2,590 
18,700 
1,600,000 
1,530 
155,000 


144 
24,800 


375 
49,600 
20,400 

296,000 
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2008 


90 


14,900 
2,310 
17,200 


2,070 
358 
2,420 
200 


19,900 
1,840,000 
92.40 


16,000 
2,420 
18,400 
1,690,000 
1,470 
149,000 


174 


27,100. 


307 
39,400 
20,000 

307,000 


2009 2010 
81" 85 
11,800 13,800 
1,830 2,110 
13,6007 15,900 
1,690 1,910 
261 239 
1,950 2,150 
200 200 
15,800 18,300 
1,660,000 1,920,000 
105.02 105.35 
12,600 14,700 
1,950 2,140 
14,500 16,900 
1,510,000 1,760,000 
1,260 1,370 
147,000" 161,000 
108 215 
18,500 36,200 
422 445 
53,200 61,500 
16,100 18,500 
297,000" 311,000 € 
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'Excludes regenerated lime. 


2 ан = 
Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes most producer-owned hydrating plants not located at lime plants. 


“То convert metric tons to short tons, multiply metric tons by 1.102. 
"Includes dead-burned dolomite. 


“Withheld to avoid disclosing company proprietary data; included in *Quicklime." 


"Includes Arkansas, Florida, Georgia, Louisiana, Massachusetts, Michi 


Puerto Rico, and Virginia. 


TABLE 2 
LIME SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE " ы 
Hydrated Quicklime? Total 
(thousand (thousand (thousand Value 
State Plants’ metric tons)’ — metrictons)' — metrictons)' (thousands) | 
DU —— n; 

Alabama 6 114 1,840 1,960 $226,000 ' 
Arizona, Colorado, Montana, Nevada, 

Utah, Wyoming 13 193 ' 2,210 " 2,410 ' 246,000 ' 
California, Idaho, Oregon, Washington 9 48 ' 213' 260 ' 38,000 ' 
Indiana, Missouri 4 371 2,530" 2,900 ' 295,000 " 

_ lowa, Nebraska, South Dakota 3 (6) 298 298 29,500 
Kentucky, Tennessee, West Virginia 6 103 * 2,240 ' 2,340 ' 208,000 ' 
Ohio 5 85 1,040 1,130 129,000 
Pennsylvania 4 167 818 985 126,000 

. Texas 5 454° 590 1,040 105,000 
Wisconsin ИВ 4 145 606 751 70,000 ' 
Other 0 22+ 233 ' 1,470 1,710 184,000 

Total 81 ' 1,910 13,900 15,800 1,660,000 

2010: 

Alabama 6 153 2,000 2,150 239,000 
Arizona, Colorado, Montana, Nevada, | 

New Mexico, Utah, Wyoming 14 189 2,330 2,510 274,000 
California, Idaho, Oregon, Washington  — 9 52 212 264 39,700 

. Indiana, Missouri E 5 401 3,140 3,540 361,000 
lowa, Nebraska, South Dakota 3 (6) 354 354 35,700 
Kentucky, Tennessee, West Virginia 6 112 2,490 2,600 235,000 
Ohio 5 79 1,530 1,610 164,000 
Pennsylvania 4 179 926 1,110 145,000 
Texas | 5 553 730 1,280 136,000 
Wiseonsin = 4 150 716 866 81,200 
Other 24 236 1,740 1,980 215,000 

Total 85 2,100 16,200 18,300 1,920,000 

"Revised. 


gan, Minnesota, North Dakota, Oklahoma, 
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TABLE 3 


LIME SOLD AND USED BY PRODUCERS IN THE UNITED STATES, BY USE"? 


(Thousand metric tons? and thousand dollars) 


'Excludes regenerated lime. Includes Puerto Rico. 
раја are rounded to no more than three significant digits; may not add to totals shown. 
3То convert metric tons to short tons, multiply metric tons by 1.102. 
*Quantity includes lime sold and used, where “used” denotes lime produced for internal 
company use for basic oxygen furnaces, magnesia, paper and pulp, precipitated calcium 
carbonate, refractories, and sugar refining. 
5The U.S. Geological Survey does not collect value data by end use; the values shown are 


derived from average lime values. 


$May include alkalis, 
(animal or human), oil and grease, 


calcium carbide and cyanamide, calcium hypochlorite, 
oil well drilling, petrochemicals, tanning, and other uses. 


Magnesia is included here to avoid disclosing proprietary data. 


i : : ther 
"Includes aluminum and bauxite, magnesium, ore concentration (copper and gold), and o 


nonferrous uses. 


8Data are rounded to no more than опе significant digit to avoid disclosin 


proprietary data. 
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2009 2010 
Use Quantity’ Value" $ Quantity’ Value? 
Chemical and industrial: 
Fertilizer, aglime and fertilizer 52 5,460 52 5,480 
Glass 106 11,100 181 19,100 
Paper and pulp 814 85,500 843 88,800 
Precipitated calcium carbonate 944 99,100 1,010 106,000 
Sugar refining "M 731° 76,800 671 70,700 
Other chemical and industrial® 1,240 130,000 1,420 149,000 
Total 3,890 408,000 4,170 440,000 
Metallurgical: 
Steel and iron: 

___Вазс oxygen furnaces 1,690 ' 178,000 2,430 256,000 
Electric arc furnaces 2,000' 210,000 2,670 281,000 
Other steel and iron 121° 12,700 212 22,300 

Total ПИ 3,810 400,000 5,310 559,000 
Nonferrous metallurgy’ 1080 114,000 1,130 119,000 
Total metallurgical 4,900 514,000 6,440 679,000 
Construction: 
Asphalt 281 29,500 297 31,300 
Building uses 254 26,700 230 24,200 
Soil stabilization 848 89,100 983 104,000 
Other construction 39 4,100 _ 39 4110 

____Тога1 1,420 149,000 1,550 163,000 

Environmental: EN 

. Flue gas desulfurization (ЕСО): 

Utility powerplants 3,110 327,000 3,520 371,000 
Incinerators 216 22,700 227 23,900 
Industrial boilers and other FGD 64 ' 6,720 70 7,380 
Total 3,390' 356,000 3,820 402,000 
Sludge treatment: 
Sewage 86 9,030 110 11,600 
Other, industrial and hazardous 81 8,510 85 8,960 
Total 167 17,500 195 20,500 
Water treatment: 
Acid-mine drainage 82 8,610 90 9,480 
Drinking water 963 101,000 911 96,000 
Wastewater 630 66,200 649 68,400 
Total 1,680 176,000 1,650 174,000 
Other environmental "mM 149 ' 15,600 226 23,800 
Total environmental 5,390 367,000 5,890 620,000 
Refractories (dead-burned dolomite) 200 * 18,700 ? 200 $ 22,500 ° 
Grand total | 15,800 1,660,000 18,300 1,920,000 _ 
‘Revised. 
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TABLE 3-—Continued 
LIME SOLD AND USED BY PRODUCERS IN THE UNITED STATES, BY USE!” 


*Value was derived from an average lime value per metric ton rather than a specific average 
value per metric ton of dead-burned dolomite. 


TABLE 4 
HYDRATED LIME SOLD OR USED IN THE UNITED STATES, BY END USE"? 


(Thousand metric tons? and thousand dollars) 


2009... 200 — 
№ == Quantity’ Уаш” — Quantity! Маше? 
Chemical and industrial 482 60,900 ' 339 67,200 
Construction: 
Asphalt 251 31,700 262 32,700 
Building uses 248 31,300 € 220 27,400 
Soil stabilization 310 39,200" 378 47,100 
Other construction 12 1,520 ' 10 1,250 
Тога! 821 104,000! 870 108,000 
Environmental: 
Flue gas desulfurization (FGD): 
Utility powerplants 113 14,300 157 19,600 
Incinerators 3l 3,920! 31 3,860 
Industrial boilers and other FGD 19 2,400 ' 23 2,870 
Total 163 20,600 ' 211 26,300 
Sludge treatment: ul 
Sewage 16 2,020 16 1.990 
Other sludge treatment 28 3,540 ' 30 3,740 
Total _ 44 5,560 ' 46 5,730 
Water treatment: 
Acid-mine drainage 46 5,810 ' 45 5,610 
Drinking water 138 17,400 ' 140 17,500 
|. Wastewater 193 24,400 ' 186 23,200 
Total 377 47,600 € 371 46,200 
Other environmental 38 4,800 ' 72 8,970 
Metallurgy 30 3,790 € 43 5,360 
Grand total —-— 1,950 247,000! 2,150 268,000 
"Revised. a аа ысы 


'Excludes regenerated lime. Includes Puerto Rico. 

*Data are rounded to no more than three significant digits; may not add to totals 
shown. 

>To convert metric tons to short tons, multiply metric tons by 1.102. 


*Quantity includes hydrated lime sold and used, where “used” denotes lime produced 
for internal company use in building, chemical and industrial, and metallurgical 


sectors. 


?The U.S. Geological Survey does not collect value data by end use; the values shown 
are derived from an average value per metric ton of hydrated lime. 
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TABLE 5 


LIME PRICES! 
2009 2010 
Dollars per Dollars рег Dollars рег Dollars per 
Type metric іоп shortton? — metricton | short ton’ 

Sold and used: | 

Quicklime 102.00 92.50 102.70 93.20 

Hydrate 126.40 114.70 125.00 113.40 

Average all types” 105.00 95.30 " 105.40 95.60 

Sold: 

High-calcium quicklime 98.20 89.10 100.60 91.20 

Dolomitic quicklime 111.90 101.50 104.30 94.60 

Average quicklime _ 100.00 90.70 101.00 91.70 

High-calcium hydrate 124.60 113.00 122.70 111.30 

Dolomitic hydrate 138.20 125.30 139.30 126.60 

Average hydrate 126.40 114.70 124.60 113.00 

Average all types” 103.80 94.20 104.30 94.60 
"Revised. 


' Average value per ton, on a free-on-board-plant basis, including cost of containers. 
2Unit values in metric and short tons were rounded independently. 


3Includes dead-burned dolomite. 


TABLE 6 
U.S. EXPORTS OF LIME, BY ТҮРЕ! 


(Metric tons and dollars) 


Е 5 2009 2010 


Type m Quantity" Value? Quantity Value? 


Calcined dolomite: 


Canada 43,100 — 7,200,000 57,300 — 10,000,000 
Germany -- -- 1,080 295,000 
Colombia 3 2,850 317 108,000 
| Mexico _____ 267 66,800 34 7,570 
Other 2200100! 49,000" 296 136,000 
ТУЙ = 43,400 7,320,000 59,100 10,600,000 
Hydraulic lime: 
“Austria 667 120,000 : " 
~ Bahamas, The 209 56,900 123 30,100 
_ Canada М 4,880 916,000 3,640 757,000 
_ Other 338" 151,000" 165 411,000 
WE MEN 6,090 1,240,000 3,930 1,200,000 
Quicklime: _ e 
“Canada 34,200 5,610,000 109,000 — 14,900,000 
_ Сома са — — 477 150,000 662 212,000 
~ Mexico - 9,710 1,030,000 8,490 982,000 
Russia -- -- 13,400 3,000,000 
Other ___ 151 319000 ___ 675 805,000 
"Toa 2 __44,500 7,100,000 132,000 19,900,000 
Slaked lime, hydrate: 
Angola Е 18 4,980 884 505,000 
Canada 13,600 2,620,000 18,300 3,550,000 
“Nigeria 449 122,000 304 127,000 
Other | ПЕ 2,000... . 379 500 
. Total 14,100 — 2,820,000 19,900 4,540,000 
Grand total 108,000 — 18,500,000 215,000 36,200,000 


Revised. -- Zero. 


| . . . ~ DET. 
Data are rounded to no more than three significant digits; may not add to 


totals shown. 


?To convert metric tons to short tons, multiply metric tons by 1.102. 


3 Ғы . . . 
Declared free alongside ship valuation. 


Source: U.S. Census Bureau. 
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TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF LIME, BY TYPE! 


(Metric tons and dollars) 


2009 2010 
Type Quantity? Value? Quantity” Value? 
Calcined dolomite: 


Canada 7,740 1,200,000 29,600 4,580,000 
Mexico 33,000 2,520,000 13,200 4,470,000 
Other 8 13,800 409 292,000 
Total 40,700 3,730,000 43,200 9,340,000 
Hydraulic lime: 
Canada 53 10,900 31 3,770 
France 181 113,000 240 127,000 
Mexico 61 7,520 -- -- 
Netherlands 72 25,500 -- -- 
Other 56 27,800 43 23,900 
Total 423 185,000 314 155,000 
Quicklime: 
Canada 322,000 . 40,100,000 340,000 42,400,000 
Colombia 3 371,000 2,010 255,000 
Mexico 5,070 553,000 4,680 569,000 
Other 1,180 310,000 ' 873 482,000 
Total 329,000 — 41,300,000 348,000 43,700,000 
Slaked lime, hydrate: 
Canada 29,200 3,680,000 31,500 4,250,000 
Mexico 22,100 3,210,000 21,700 3,410,000 
Other 1,100 1,070,000 909 728,000 
Total 52,300 7,960,000 54,000 8,390,000 
Grand total 422,000 | 53,200,000 445,000 61,500,000 


"Revised. -- Zero. 


'Data are rounded to по more than three significant digits; may not add to 


totals shown. 


“То convert metric tons to short tons, multiply metric tons by 1.102. 
*Declared cost, insurance, and freight valuation. 


Source: U.S. Census Bureau. 


QUICKLIME AND HYDRATED LIME, INCLUDING DEAD-BURNED DOLOMITE: WORLD PRODUCTION, BY COUNTRY"? 


TABLE 8 


(Thousand metric tons) 


Country’ 2006 2007 2008 2009 2010° 
Australia" 1,600 1,600 2,200 2,000 2,000 
Аша ENG EM ыыы лын 465 491 612 507 ' 500 
Belgium" 2,400 2,400 2,300 2,000 2,000 
Bosnia and Herzegovina 218 237 216 281' 280 
Brazil 7,057 5 7,393? 7,400 7,450 7,700 
Bulgariat — — —— 1,409 1,443 1,422 ' 950 ' 1,000 
Qd. 77 тысын ecce 2.185 2.134 2,069 1,601 1,910 
Chile. er EE E REC ы 820 ' 840 ' 820 ' 790 ' 800 
Giger pens 160,000 170,000 180,000 185,000 190,000 
(C T ори 260 $ 572 5 541° 415' 415 
Czech Republic | 1,218 1,277 1,150 ' 1,000 ' 1,100 
Egypt" 800 1,000 1,000 800 ' 800 
Pinan ene eroe eese 430 517? 482 5 500 415 
ДИ ост eee n 4,000 4,000 4,000 3,500 3,500 
Germany 7,119 7,218 7,313 5,830 ' 6,850 


See footnotes at end of table. 
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TABLE 8—Continued 
QUICKLIME AND 
HYDRATED LIME, INCLUDING DEAD-BURNED DOLOMITE: WORLD PRODUCTION, BY COUNTRY? 


(Thousand metric tons) 


е QE 
Шы e E щ- 
india? 500 500 500 500 500 
= 12,000 12,000 13,000 13,000 14,000 
тіп, 2,600 2,600 2,700 2,700 2,700 
ies 158 282 481 429 ' 430 
= 5,900 6,000 6,000 6,000 6,000 
ааа 304 277 313 300 300 
Тарап. qus e only 9,014 9,359 9,528 6,746 ' 7,200 
Kazakhstan егі 988 ' 1,023 ' 906 ' 798 ' 881” 
orea, ! epu ic o 3,700 3,900 4,000 3,800 ' 3,900 
машу 800 1,300 900 800 900 
ШЕЛІ р 6,500 6,200 6,000 5,500 5,800 
Pen. 216 215 215 216? 216 
2 1,936 2,143 1,952 1,716 ' 1,800 
Romania 1,942? 2,000 2,000 1,600 ' 2,000 
Rusia — — 8,200 8,200 8,200 7,000 8,000 
Saudi Arabia 360 400 400 400 400 
Serbia 377 320 292! 251! 280 
Slovakia o 0 0 0 — 1,104 1,123 1,082 867 ' 900 
Sloveni ___ __________---- 1,500 1,500 1,500 1,500 ' 1,500 
South Africa, burnt lime sales | 1,585 1,599 1,593 1,375 1.286 у 
Spas? ССС 2,000 2,000 2,000 2,000 2.200 
ООО 750 780 750 600 700 
Tawa o o o ------ 450 470 450 450 450 
Thailand ----- 800 800 800 750 750 
Tunisia -----:--: 401 395 369 366! 370 ° 
Ту“ 2 ----- 3,800 4,000 4,000 3,800 4,300 
United Kingdom? — | —— 2,000 2,000 1,500 1,500 1,500 
‘United States, including Puerto Rico ___________ 21,000 20,200 19,900 15,800 18,300 ° 
Уедо 400 400 400 400 400 
Уйла 1,592 1,438 1,619 ' 1,538! 1,600 
Zambi — 160" 165" 135" 130" 140 
[rA 1,610 " 1,590 ' 1,660 ' 1,600 ' 1,610 
Total 285,000" 296,000 307,000 297,000" 311,000 


SEstimated. 'Revised. 
and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


! World totals, U.S. data, 
2rable includes data available through А 


3In addition to the countries listed, Argentina, 
data are not reported; available genera 
data are not reported; aval 
4production estimate base 
Reported figure. 
білсіндев hydraulic lime. 


pril 29, 2011. 


lable general information is inadequat 
d on sales only; data may be incomplete. 
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Chad, Iraq, Nigeria, Pakistan, Syria, and several other nations produce lime, but output 


1 information is inadequate to formulate reliable estimates of output levels. 
e to formulate reliable estimates of output levels. 
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LITHIUM 
By Brian W. Jaskula 


Domestic survey data and tables were prepared by Susan M. Weaver, statistical assistant, and the world production table 


was prepared by Lisa D. Miller, international data coordinator. 


In 2010, lithium consumption in the United States was 
estimated to be 1,100 metric tons (t) of contained lithium, 
15% less than the consumption in 2009 and 52% less than in 


. 2008. Although reports indicated that lithium end-use markets 


for batteries, ceramics and glass, grease, and other industrial 
applications increased in 2010 from those of 2009, downstream 
lithium compound producers in the United States may have 
continued to operate from inventories of lithium compounds 

in 2010 instead of importing new material. Imports of lithium 
compounds into the United States in 2010 were similar to those 
of 2009 but were considerably lower than the average since 
1998. Exports of lithium compounds increased to levels seen 
before the economic downturn that started in late 2008. Actual 
lithium consumption in the United States may have been greater 
than the 1,100 t estimated, but no data were available to support 
higher estimate. Lithium carbonate consumed in industrial 
applications and used as a raw material for other lithium 
compounds in the United States was produced at a domestic 
brine operation in Nevada and imported from Argentina and 
Chile. 

Lithium has historically been mined from two distinct 
Sources—continental brines and hard rock ore. Chile was the 
world's leading producer of lithium carbonate, with production 
from two lithium brine operations on the Salar de Atacama 
In the Andes Mountains. Concentrated brines were processed 


—- а мо lithium carbonate plants in Antofagasta. In the United 


States, production continued at a lithium brine operation with an 
associated lithium carbonate plant in Silver Peak, NV. Lithium 
carbonate and lithium chloride also were produced from brines 
from the Salar del Hombre Muerto in the Andes Mountains 
in Argentina. In China, lithium carbonate was produced from 
brines from the Zabayu Salt Lake in western Tibet and from 
the Dongtai and Xitai Salt Lakes in Qinghai Province. China 
was the only country that produced large quantities of lithium 
carbonate from concentrates, mostly from imported Australian 
Spodumene, A large percentage of the lithium carbonate 
Produced in South America was exported to the United States 
for consumption in industrial applications and as feed material 
for the production of downstream lithium compounds, such 
as lithium hydroxide monohydrate, lithium metal, and organic 
lithium compounds. Australia was, by far, the leading producer 
of lithium mineral concentrates, and Brazil, China, Portugal, and 
Zimbabwe also produced significant quantities. 
i Worldwide lithium resource exploration (led predominantly 
. on and Canadian startup companies) increased 
say У ш recent years. The continental brine and clay 
je es of Nevada and geothermal brines of California were 
major focus of exploration in the United States, as were the 
Pegmatite and oil brine resources of Canada, and the pegmatite 
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resources of Australia. Additionally, Argentina, Bolivia, and 
Chile saw significant exploration of their continental brines. 


Legislation and Government Programs 


Under the authority of the American Recovery and 
Reinvestment Act of 2009 (ARRA Public Law III—5), the 
U.S. Department of Energy (DOE) awarded $1.5 billion in 
grants to accelerate the development of U.S. manufacturing 
and production capacity of batteries for electric-drive vehicles 
and battery recycling—lithium-ion battery technology figured 
prominently in the awards (U.S. Department of Energy, 2009b). 
In 2010, construction began at 20 ARRA-funded battery and 
component manufacturing facilities, and 8 demonstration 
projects were initiated which were expected to produce 13,000 
hybrid and electric-drive vehicles and 20,000 charging stations 
nationwide by 2013. The ARRA was expected to be a significant 
factor in bringing 30 battery and component factories online by 
2012, giving the United States the capacity to produce 2094 of 
the world's advanced vehicle batteries. By 2015, U.S. share of 
worldwide capacity was anticipated to increase to 40% 

(U.S. Department of Energy, 2010). 

As part of its Advanced Technology Vehicles Manufacturing 
Incentive Program (ATVM), the DOE in 2009 loaned Nissan 
North America, Inc. $1.6 billion to convert its Smyrna, TN, 
plant to produce an electric vehicle (EV), the LEAF, and 
lithium-ion battery packs. Nissan expected to have production 
capacity of 150,000 vehicles per year in the United States 
when the LEAF manufacturing facility, which was scheduled 
to open in 2012, reaches full capacity in 2015. Tesla Motors, 
Inc. received a $465 million loan from the DOE to build an 
automobile manufacturing facility in southern California and a 
facility to assemble lithium-ion battery packs, electric motors, 
and electric components in Palo Alto, CA. Tesla's EV, the Model 
S, was scheduled to be produced in 2012. Fisker Automotive, 
Inc. received $528 million for the development and production 
of two models of lithium-ion battery powered plug-in hybrid 
electric vehicles (PHEVs)—the Karma and the Nina. The Karma 
and Nina were scheduled to be produced beginning in 2011 and 
2012, respectively (U.S. Department of Energy, 2009а; U.S. 
Government Accountability Office, 2011, p. 14—17). 


Recycling 


As part of the ARRA in 2009, the DOE awarded $9.5 million 
to California-based battery recycler Toxco, Inc. to construct the 
first U.S. recycling facility for lithium-ion vehicle batteries. The 
company has recycled lithium metal and lithium-ion batteries 
since 1992 at its facility in British Columbia, Canada. Toxco 
planned to expand its existing facility in Lancaster, OH, which 


already recycled nickel-metal hydride and lead-acid batteries 
from hybrid-electric vehicles (HEVs) (Hamilton, 2009). In early 
2011, the company planned to begin construction of a 60,000 
square-foot expansion to process up to 9 million pounds of 
lithium-ion battery packs per year (Gearino, 2011). 


Production 


The U.S. Geological Survey (USGS) collects domestic 
production data for lithium from a voluntary canvass of the 
only U.S. lithium carbonate producer. Chemetall Foote Corp. (a 
subsidiary of the German company Chemetall, which is owned 
by Rockwood Holdings, Inc., of Princeton, NJ) responded to the 
survey, representing 10096 of total production. Production and 
stock data were withheld from publication to avoid disclosing 
company proprietary data (table 1). It is known, however, 
that production increased in 2010 from that of 2009 owing to 
increased activity in lithium end-use industries. 

Chemetall Foote produced lithium carbonate from brines near 
Silver Peak, NV. The company's other U.S. lithium operations 
included a lithium hydroxide plant in Silver Peak; a butyllithium 
plant in New Johnsonville, TN; and facilities for producing 
downstream lithium compounds in Kings Mountain, NC. 
Chemetall Foote's subsidiary in Chile, Sociedad Chilena de 
Litio Ltda., produced lithium carbonate, lithium chloride, and 
lithium hydroxide from a brine deposit. 

FMC Corp.’s Lithium Division produced a full range of 
downstream compounds, lithium metal, and organic lithium 
compounds at its facility in Bessemer City, NC. The company 
met its lithium carbonate and lithium chloride requirements with 
material produced at its operation in Argentina. E 
2010, Chemetall Foote began expanding the lithium | 
erations at its Silver Peak and Kings Mountain 

Silver Peak expansion included commencement 
program to double the capacity of Chemetall's 


ithi rbonate production and a geothermal powerplant 
ae : d to help make the Silver Peak 


'nstallation which was expecte r P 
id sufficient for electric power. The well drilling 


f reworking Chemetall's existing brine 
talling new production wells, dredging 


ding the current evaporation pond system, and | 
иы ш с company's lithium carbonate plant. At Kings 
Mountain, construction of a battery-grade lithium hydroxide | 
production facility was underway. The lithium hydroxide facility 
expands an existing Chemetall site that produces lithium salts 
and lithium metal for primary batteries. Both projects were 
funded in part by a 2009 DOE award of $28.4 million to expand 
and upgrade the production of lithium compounds for advanced 
transportation batteries (Rockwood Holdings, Inc., 20102, b). 

In January, American Lithium Minerals, Inc. acquired the 
North Borate Hills and South Borate Hills lithium projects in 
southwestern Nevada. The projects were previously reported 
by U.S. Borax, Inc. to contain abundant lithium mineralization 

combined with a claystone unit and 


in a strata-bound formation а | 
ты tuff. The company entered into a joint-exploration 
agreement with Japan Oil, Gas and Metals National Corp. 


(JOGMEC) in June to advance the Borate Hills projects through 
the economic prefeasibility stage. JOGMEC was to invest $4 
million and would earn a 40% interest in the project (American 


In 
production op 
locations. The 
of a well drilling 


operation self- 
program consists О 
production wells, ins 
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Lithium Minerals Inc., 2010; Japan Oil, Gas and Metals 
National Corp., 2010). 

In July, Japanese trading company Itochu Corp. acquired a 
20% stake in California-based Simbol Materials lithium project 
and exclusive rights to market Simbol’s future products in Asia 
Simbol’s unique geothermal brine reverse osmosis process, if 
successful, would eliminate the need for solar evaporation, a 
lengthy process in more common lithium brine operations, The 
company’s lithium carbonate equivalent (LCE) capacity was 
initially planned for 16,000 metric tons per year (t/yr) (Industral 
Minerals, 2010b). 

In October, Rodinia Lithium, Inc. (Vancouver, British 
Columbia, Canada) staked claims in Clayton Valley, NV, 
bringing its total claim area to approximately 28,000 hectares 
in an area with the potential of containing a significant lithium 
brine resource. The mining claims were adjacent to Chemetal 
Foote's lithium brine operation (Rodinia Lithium, Inc., 2010), 

In May, Western Lithium Canada Corp. (Vancouver) 
announced the completion of an independent technical and 
economic assessment on the second of its five lithium-rich 
hectorite clay deposits at its Kings Valley, NV, project. The 
second deposit was approximately seven times larger than the 
first deposit, and the economic assessment showed an indicated 
resource of 1,365,000 t LCE and an inferred resource of 650,000 
t LCE, both at a cutoff grade of 0.20% lithium. In December, 
two independent laboratories confirmed the extraction of 
high-purity 99.5% to 99.9% lithium carbonate from pilot test 
samples provided by Western Lithium (Western Lithium USA 


Corp., 2010a, b). 
Consumption 


Lithium is sold as brines, compounds, metal, or 
mineral concentrates depending on the end use. Lithium's 
electrochemical reactivity and other unique properties have 
resulted in many commercial lithium products. For many 
years, most lithium compounds and minerals were used in the 
production of ceramics, glass, and primary aluminum. Growth 
in lithium battery use and decreased use of lithium in aluminum 
production has resulted in batteries gaining market share. For 
2010, Chilean lithium producer Sociedad Química y Minera de 
Chile S.A. (SQM) listed the main global markets for lithium | 
products as follows—ceramics and glass, 29%; batteries, 21%; 
lubricating greases, 12%; continuous casting, 5%: air treatment, 
4%; polymers, 3%; primary aluminum production, 2%; " 
pharmaceuticals, 2%; and other uses, 16% (Sociedad Quimica 
y Minera de Chile S.A., 2011a, p. 39). Roskill Information 
Services Ltd. offered different consumption estimates for 201 
but confirmed that ceramics and glass remained the top global 
market for lithium. Roskill’s estimates were ceramics and glass 
30%: batteries, 22%; lubricating greases, 1276; air treatment 
5%; metallurgical, 4%; polymers, 4%; primary о 
production, 2%; pharmaceuticals, 2%: and other uses, | : 
(Orocobre Ltd., 2011). The "other uses" category represen 
several smaller end uses that may have included alloys, | 
construction, dyestuffs, industrial bleaching and Se) 
pool chemicals, and specialty inorganics (FMC А 
Domestic end uses for lithium materials may not directly 
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x Ob iu correspond to worldwide consumption, but the data necessary 
for making more reliable estimates were not available. 
ui Iii, If lithium concentrates were included in lithium consumption 
7 Шай estimates, the leading use of lithium in the United States likely 
bol fie was in ceramics and glass manufacturing processes. No lithium 
"IRIS Concentrates, however, were produced in the United States for 
ely direct application in ceramics and glass manufacture, and import 
Ian eg statistics do not specifically identify lithium ore imports, making 
Vilti Ei it difficult to accurately estimate end uses. 
ит © China, Japan, and the Republic of Korea have historically 
dominated the small to mid-sized lithium-ion battery 
(Калт manufacturing market, accounting for approximately 98% 
n Inl! of the market in 2010. Notably in 2010, the Japanese market 
ока) th research firm, the Institute of Information Technology (IIT), 
anigasi reported that the Republic of Korea had overtaken Japan 
кшй (the primary lithium-ion battery producer since 1991) as the 
іш гі leading manufacturer of lithium-ion batteries. IIT estimated 
Cop (i that by 2011, 38.5% of lithium-ion battery production would 
давано be concentrated in the Republic of Korea and 38.4% in Japan. 
іні: Lithium"s natural properties make it one of the most attractive 
Дау Mge battery materials of all the elements. In 2010, lithium-ion 
їшї batteries accounted for 76% of the portable rechargeable battery 
пену market worldwide (Brown, 2011). Worldwide, rechargeable 
[тиви lithium batteries powered most cellular telephones and 
шщ} laptop computers, аз well as many heavy-duty power tools. 
det Automakers were Working on lithium batteries for HEVs, 
пиши" PHEVs, and EVs. 
(lin Addition of lithium carbonate to aluminum potlines lowers 
the melting point of the cryolite bath, allows a lower operating 
temperature for the cells, increases the electrical conductivity, 
and decreases bath viscosity. U.S. primary aluminum production 
and U.S. lithium consumption for aluminum production saw 
il! по change in 2010 from that of 2009. Aluminum production 
2 stabilized after cutbacks were made during 2008 and 2009 in 
pf? response to a significant drop in the price of aluminum in the 
is! second half of 2008 (Bray, 2011). 
д Additional information concerning other lithium end uses 
үйі? сап be found in the lithium chapter of the 2006 U.S. Geological 
ie Survey Minerals Yearbook, volume I, Metals and Minerals. 
i Prices 
a Customs val ithi 
Т. = values for lithium carbonate imports to the United 
JM Hel n used as an indication of the trends in lithium pricing, 
" ни - t - never exactly reflected the producers' prices for 
" о -- In 2010, the average customs unit value for 
T "Raps " ы. carbonate was $4.35 per kilogram, 4% lower 
is luris == The average customs unit value for imported 
" oF 2009. The Xide was $4.95 per kilogram, 17% lower than that 
Y was 16% Каша unit value of exported lithium carbonate 
À wit value бү : an in 2009 but 33% higher than the average 
2 exported lithiu jun carbonate. The average unit value of 
m hydroxide was 13% lower than in 2009 but 


26% р: 
jf | i than the average unit value of imported hydroxide. 
Ш 886515 that the material exported from the United States 


, Was higher quality Lith; ee | 
Же Which vx i id carbonate and lithium hydroxide than 


А 
) is Ern x the 2009 downturn in the lithium market, SOM 
Ithtum carbonate and lithium hydroxide prices by 
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20% in January 2010. Industry experts reported that by yearend, 
SQM was selling lithium carbonate for approximately $4.70 | 
per kilogram. Chemetall and FMC most likely reduced prices in 
2010 as well, but price data were not available (Sylvester, 2011). 

In January, Australian spodumene producer Talison Lithium 
Ltd. increased glass-grade spodumene (5% lithium oxide) prices 
by 1096 to $380 to $430 per metric ton. At yearend, free-on- 
board West Virginia glass-grade spodumene (5% lithium oxide) 
was reported to be selling for $390 to $435 per metric ton 
(Moores, 2009; Industrial Minerals, 20102). 


Foreign Trade 


In 2010, total exports of lithium compounds from the United 
States increased by 53% compared with those of 2009. About 
32% of all U.S. exports of lithium compounds went to Japan, 
while 16% went to Germany, and 11% went to Belgium. The 
remainder was divided among many other countries (table 2). 

Imports of lithium compounds into the United States 
increased by 4% in 2010 compared with those of 2009. Of 
the 10,600 t of lithium compounds imported, 70% came from 
Argentina, 28% from Chile, and the remainder from several 
other countries (table 3). This was the second consecutive year 
that most lithium imports originated from Argentina, rather than 
Chile. Lithium concentrates from Australia and Zimbabwe may 
have entered the United States, but because these materials have 
no unique import code, no import data were available. 


World Review 


Worldwide production and consumption of lithium increased 

considerably in 2010. The major lithium producers reported 

a 30% to 50% increase in sales volumes from that of 2009, 
and lithium end-use markets for batteries, ceramics and glass, 
grease, and other industrial applications all increased. World 
lithium production (excluding U.S. production) was estimated 
to be 28,100 t of lithium contained in minerals and compounds 
in 2010, an increase of 44% from that of 2009, and 6% more 
than that of 2008. Gross weight production figures for lithium 
carbonate, lithium chloride, lithium hydroxide, and lithium 
mineral concentrates are listed in table 4. Argentina, Chile 
China, and the United States were the leading producers of 
brine-based lithium carbonate. Significant quantities of lithium 
compounds and concentrates also were produced in Australia 
Brazil, Portugal, and Zimbabwe. Canada, Congo (Kinshasa) | 
Namibia, Russia, Rwanda, and South Africa have produced | 
concentrates in the past. Several brine operations were under 
development in Argentina; spodumene mining operations 
under development in Australia, Canada, and Finland: a 
Jadarite mining Operation was under development in Serbi 
Pegmatites containing lithium minerals have been identifi ғ 

іп Afghanistan, Austria, France, India, Ireland Moza я | 
Spain, Sweden, and Zaire, but economic conditions ha ds 
not favored development of the deposits, Lithium h d у 
identified in subsurface brines in Afghanistan, Boli ns 
Israel. Companies in France, Germany, Japan, th ы ane 

of Korea, Russia, Taiwan, and the Unit 42. 


: ed Kin do 
downstream lithium compounds Köm g om produced 
carbonate. P om imported lithium 
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World lithium consumption was estimated by SOM to be 
23,500 t of lithium contained in minerals and compounds 
in 2010, an increase of approximately 4294 from SQM’s 
consumption estimate of 2009 (Sociedad Quimica y Minera de 
Chile S.A., 201 la, p. 40). A different accounting of total world 
lithium consumption was reported by Chemetall and Roskill 
Information Services, both of which indicated consumption to 
be 22,600 t of lithium contained in minerals and compounds 
in 2010, an increase of approximately 2296 from Roskill's 
consumption estimate of 2009 (Aul, 2011, p. 6; Robert Baylis, 
Division Manager, Roskill Information Services, Ltd., oral 
commun., January 20, 2011). The difference in consumption 
figures most likely reflected differing estimations of consumer 
drawdown of lithium inventory. 

Total lithium consumption growth averaged 5.5% per 
year between 2000 and 2010, while lithium consumption in 
batteries increased on average 20% per year during the same 
timeframe. Using the Chemetall/Roskill figure for total lithium 
consumption and Roskill’s recent research that estimated the 
lithium chemical market to be about 75% of total lithium 
consumption, an estimated 17,000 t of lithium was consumed 
in chemicals and the remainder as mineral concentrates in the 
ceramics and glass industry in 2010 (Baylis, 2010b, р. 5). 

As of 2008 (the latest year with available data), China and | 
Europe were estimated to be the largest consumers of lithium in 
the world, at 29% and 28% of total consumption, respective y 
Other consumers included Japan, 18%; North AMEN 13 75; the 
Republic of Korea, 576; India, 3%; South America, 2%; Russia, 
1%; and other, 1% (Roskill Information Services Ltd., 2009, 


p. 155). 
Argentina. 57^ 
Hombre Muerto since 


FMC has operated its facility at the Salar de 
1998. Initially designed to produce 


about 12,000 t/yr of lithium carbonate and about 5,500 t/yr of 
lithium chloride, FMC’s lithium chloride production has been 
as high as 8,800 t. FMC’s lithium carbonate production capacity 
was 17,000 t/yr in 2010, and capacity expansion plans were 
announced to Increase lithium carbonate production capacity 
to 23,000 t/yr by the end of 2011 (Moores, 2010a). — 
of lithium carbonate in 2010 was estimated to be 1 d 
an increase of 1876 from that of 2009. Production z s 2 
chloride was estimated to be 6,500 t, an increase о : А ы 
that of 2009. Market research firm Global Е | си - | 
estimated FMC's total 2010 LCE output to be slightly higher, a 
17,500t (Tejerina and Falcó, 2010, р. 68). —' 

In December, The Sentient Group s Rincon М іш 1 Ltd. 
oned its lithium operation at the Salar del Rincón in 
d produced its first lithium carbonate. The 
d to have commercial quantities in the market 


ration was designed to produce 10,000 t/yr of 
ME 4,000 t/yr of lithium hydroxide, and 3,000 
| Sof lithium chloride (Industrial Minerals, 2010c). 
a ing 2010, Australian exploration company Orocobre Ltd. 
id a definitive feasibility study on its Olaroz шш | 
i t the Salar de Olaroz in northwestern Argentina; resu ts 
cp d in early 2011. A previous scoping study indicated 
were Expect? with production of 15,000 


tial to develop an operation | 
си nm carbonate. In January, Orocobre established a 
veh venture with Japanese trading house Toyota Tsusho Corp. 
J 


commissi 
Salta Province an 


company expecte 
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Toyota Tsusho, a key supplier to Toyota Motor Corp. and 
several large Asian technology companies including Panasonic 
Corp. and Sanyo Electric Co., Ltd., anticipated using the joint 
venture as a means to secure low-cost lithium for its automotive 
and battery industry partners (Industrial Minerals, 2010f, 
Orocobre Ltd., 2011, p. 9). 

In December, Canadian exploration company Lithium 
Americas Corp. completed an independent technical and 
economic assessment of its Cauchari-Olaroz Salars project 
on the Puna plateau in northwestern Argentina. The economic 
assessment reported a measured resource of 2,884,000 t LCE 
and an indicated resource of 2,420,000 t LCE. Lithium Americas 
expected to complete a preliminary economic assessment in 
early 2011. Earlier in 2010, the company entered into strategic 
investment agreements with Canadian car parts manufacturer 
Magna International Inc. and Japan's Mitsubishi Corp. The 
companies purchased 13.3% and 4.1%, respectively, of Lithium 
Americas’ common shares in an effort to secure low-cost lithium 
supplies for their respective company's hybrid and electric-dnve 
vehicle batteries (Hoffman and Keenan, 2010; Lithium 
Americas Corp., 2011, p. 3-4). 

In June, Canadian-based resource company Lithium One 
Inc. established a joint venture with the Republic of Korea's 
government-owned mining company Korea Resources Сор. 
(KORES) to develop Lithium One's Sal de Vida lithium brine 
project at the Salar del Hombre Muerto. KORES was to receive 
a 30% interest in the project by funding and delivering а 
definitive feasibility study, which was expected by yearend 2011 
(Lithium One Inc., 2011, p. 3). | 

In January, Rodinia Lithium acquired three lithium deposits 
in Salta, Argentina—Salar de Diabillos, Salar de Centenario, 
and Salar de Ratones. An initial mineral resource estimate of the 
Salar was expected in early 2011 (Rodinia Lithium Inc., 20108 
2011). 

Australia.—Talison Lithium produced about 25% 015 
lithium supply from its deposit in Western Australia, which 
reportedly is the largest spodumene deposit in the world 
(Department of Mines and Petroleum, 2010, p. 50). The | 
company reported spodumene production of approximately 
295,000 t in 2010, an increase of 50% from that of 2009 
(Department of Mines and Petroleum, 2011, p. 21). о 
produced two types of lithium concentrate—chemical gra if 
which is primarily used for conversion into lithium we : 
for applications including lithium batteries, and technica Es 
а low iron concentrate which is used directly їп the manulac 
of ceramics, glass, and heat-proof cookware. T 

In the wake of China's electric vehicle developments an 
resulting expansion of Chinese lithium chemica * 
Talison reported in 2010 that 75% of its spodumene E 
was sold primarily to chemical companies in China 3 
the remaining 2596 sold worldwide to ceramics and glass 
manufacturers. This was in stark contrast to 2009, when : 
spodumene concentrate sales were divided evenly рей 
ceramic and glass production and chemical CORN dio 
(Industrial Minerals, 2010e). The Stage l expansion у iis 
chemical grade lithium concentrate production M елле 
completed in December, increasing its total lithium 3 zm 
production capacity to 320,000 t/yr. Stage 2 was expe 


ut 2594 of global 


| production, 
trate 
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уйщ be completed in 2012, bringing total production capacity to 
ШЕ 749 000 t/yr (Talison Lithium, Ltd., 2011). 
0, Шш In October, Galaxy Resources Ltd. commenced lithium 
ЫШ. concentrate production at its Mount Cattlin spodumene 
| operation, near Ravensthorpe in Western Australia. The Mount 
Cattlin plant has a lithium concentrate production capacity 
tma of 137,000 t/yr. Production from this operation was to supply 
вены a lithium carbonate plant in Jiangsu Province, China. (Platts 
иш Metals Week, 2010). 
mipik In April, Reed Resources Ltd. and its Australian joint-venture 
ЭШИ partner Mineral Resources Ltd. completed a resource estimate 
Юн of its Mount Marion lithium project in Western Australia. 
(ewm The study showed the deposit to contain a resource of 8.9 
payas million metric tons (Mt) grading 1.4% lithium oxide, for a 
mapia total of 128,000 t of contained lithium oxide. Reed anticipated 
Маши producing battery-grade lithium carbonate beginning in 2011, 
вин" With a 17,000-t/yr production capacity (Reed Resources Ltd., 
nose 2011, p. 12-14). 
узе — Bolivia. —Bolivia's undeveloped Salar de Uyuni is the largest 
иШ salt flat in the world, with an area of more than 11,000 square 
kilometers and vast lithium resources. In August, Bolivia and the 
ищи! Republic of Korea agreed to a partnership to develop Bolivia's 
lel: lithium deposits and other resources. In December, Bolivia also 
(шін: agreed to a partnership with Japan to develop Bolivia’s lithium 
ШЇ TeSources, as well as a geothermal powerplant project (Kosich, 
{= 2010). Іп 2009, New World Resource Corp. announced that it 
т. had acquired the Pastos Grandes brine property in southwestern 
gi Bolivia and initiated a brine sampling program. In 2010, the 
company was drill testing and sampling the third site in an 
Е approximate eight-site drill program, with results expected in 
m early 2011 (New World Resource Corp., 2010). 
cat Canada.—In March, Canada Lithium Corp. completed an 
"T Independent mineral resource assessment on its Quebec Lithium 
Project. The assessment reported a measured resource of 6.89 
"m Mt grading 1.1096 lithium oxide, and an indicated resource 
це: of 24.74 Mt grading 1.11% lithium oxide. А 15,000-t/yr LCE 
"m production goal was set for 2013. An updated independent 
iud mineral resource assessment of the Quebec Lithium Project was 
" e in October, the results of which were under review in 
" a | dd Canada Lithium signed a marketing agreement 
TAM i и mre Ltd. of Japan for exclusive rights to market 
4E Korea ( : y si ium in China, Japan, and the Republic of 
К 5. b Lithium Corp., 2010a, p. 10; b; 2011). 
| " ШЫ: sii о. Ltd. initiated a brine sampling program 
ji Rom Polane n a 1um/potash brine project in Alberta 
the Governme ет Ап earlier study of the area by 
‚ Concentrations of ul 5. се Hbi 
M bf Ge bene a, n in the aquifer, comparable with those 
T Chanel sas 222- ayton Valley, NV. As of November, 
pu WR 52. to optimize processes to extract lithium 
b. i om brine already being produced as a 
Т Creek | arge group of natural gas wells on the F ох 
ү In 2 (Channel Resources Ltd., 2010a; b, р. 2-4). 
2 TER Mina) Lithium One completed an independent 
Ў О assessment оп its James Bay lithium project 
1175 М! x assessment showed an indicated resource of 
Ў of 10.47 | У ue | lithium oxide, and an inferred resource 
5 1.276 lithium oxide. In December, Lithium 
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One formed a joint venture with Galaxy Resources under which 
Galaxy Resources would initially acquire 20% of the James Вау 
project for $3 million. Galaxy Resources could then earn up 

to 7096 through the completion of a definitive feasibility study 
(Lithium One, Inc., 2010a, b). 

Chile. —With a reported 26% of the world lithium market, 
SOM revenues from its lithium products increased as a result 
of robust market activity. Sales volume, at 32,400 t, was 5296 
higher than in 2009, and the value of sales increased by 28% to 
$150.8 million. SQM’s lithium carbonate production capacity 
was 43,500 t/yr, and its lithium hydroxide production capacity 
was 6,000 t/yr in 2010 (Sociedad Química y Minera de Chile 
S.A., 2011a, p. 40, 59; b, p. 12). 

Total lithium carbonate production capacity for Chemetall 
Foote's operations in Chile and the United States increased 
to 33,000 t/yr in 2010. Chemetall produced an estimated 
23,000 to 25,000 t of lithium carbonate in 2010, mostly from 
its operation in Chile. The company planned to increase 
production capacity to 40,000 t/yr by 2015 and 50,000 t/yr by 
2020. Further increases to 65,000 t/yr would depend on market 
conditions. In addition, Chemetall planned to increase lithium 
hydroxide production capacity, currently estimated to be 5,000 
t/yr, to 10,000 t/yr by 2015 and 15,000 t/yr by 2020, depending 
on market conditions. The company used lithium carbonate 
from Chile as feedstock for some of its downstream chemical 
production in Germany, Taiwan, and the United States (Aul, 
2011, p. 11; Desormeaux, 2011). 

In July, Talison Lithium acquired Salares Lithium Inc., giving 
Talison control of the prospective Salares 7 Project (composed 
of seven brine lakes) in Chile's Atacama Desert. Talison 
planned to develop the project to produce battery-grade lithium 
carbonate (Industrial Minerals, 2010е). 

China.—China was the only country that continued to 
produce large quantities of lithium carbonate from both 
domestic and imported spodumene. Domestic lithium mineral 
concentrates were thought to be low grade and were most likely 
used in glass and ceramic applications. Higher grade spodumene 
concentrates imported from Australia were generally used in the 

production of battery-grade lithium carbonate. Lithium minerals 
were estimated to contain 3594 of China's lithium reserves 
while lithium brines were estimated to contain the remainin 
65% of the reserves (Baylis, 2009, р. 6-7, 11, 13; Roskill : 
Information Services Ltd., 2009, р. 89-91). | 

In 2010, it was estimated that China's domestic brine-based 


lithium operations produced between 8,000 t and 10,000 t LCE 


of technical grade lithium carbonate and lithium hydroxide 
China imported approximately 12,000 t LCE of brine-based 
lithium carbonate, lithium chloride, and concentrated bri 

from Argentina and Chile. China's total imports from iid rodi 


lithium sources reached approximately 18 
Minerals, 2011). У 75000 t LCE (Industrial 


The Tibet Lithium New Technol 
operated a 5,000-t/yr lithium carb 
Lake in western Tibet since 2005, 


ogy Development Со. had 
onate plant at the Zabayu Salt 
With production capacity 


China. In 2010, CITIC opened a 5,000 t/yr battery-grade lithium 
carbonate plant in Xitai, Qinghai Province. Qinghai Salt Lake 
Industry Group Co., Ltd. operated a 3,000-t/yr lithium carbonate 
plant at the Dongtai Salt Lake in Qinghai Province. Production 
capacity was expected to increase to 20,000 (уг. Qinghai Salt 
Lake Lanke Lithium Industry Co., Ltd. completed construction 
of a 10,000-t/yr lithium carbonate/lithium chloride project in the 
Chaerhan Salt Lake zone in Qinghai Province. Production was 
scheduled to commence in 2012 (Tahil, 2007, p. 10, 13; Baylis, 
2009, p. 11; Baylis, 2010a, b, p. 19). 

Galaxy Resources commenced construction of its Jiangsu 
Lithium Carbonate Project in Jiangsu Province. Spodumene 
mined from Galaxy Resources’ Mount Cattlin operation in 
Australia will be shipped to the Jiangsu plant for conversion to 
battery-grade lithium carbonate. Once complete, the Jiangsu 
plant was to produce 17,000 t/yr LCE and would supply users 
across the Asia-Pacific region (Galaxy Resources Ltd., 2010). 
Galaxy Resources and Mitsubishi signed an agreement in 
February giving Mitsubishi a significant portion of Galaxy's 
lithium carbonate production. Galaxy Resources also signed 
offtake agreements with 13 Chinese lithium battery producers 
in April for the remainder of its lithium carbonate production 
(Industrial Minerals, 2010d). Е | 

Finland.—In 2008, Norwegian mining company Nordic 
Mining ASA purchased а controlling stake in Finnish 
spodumene mining company Keliber Oy. The company then 
acquired a lithium deposit in the Lantta area of western Finland 
and planned to establish a 4,000-t/yr lithium carbonate plant. In 
2010, Nordic continued with geologic exploration to expand its 
ource base. When production begins, Nordic was expected 
producer of lithium carbonate from 
Is, 2008; Nordic Mining ASA, 


res 
to be the first European 
domestic ore (Industrial Minera 


2010, p. 5). | " 
Japan.—-Japan was а leading consumer of lithium compounds 


and lithium metal. Because Japan has no domestic lithium 
producers, the country relied heavily on imports. In an effort 

to mitigate lithium supply risk, Japan's Itochu, JOGMEC, 
Mitsubishi, Mitsui, and Toyota Tsusho actively partnered 

with emerging lithium producers worldwide during 2010. In 
December, the governments of Japan and the Republic of Korea 
agreed in principal to cooperate jointly in securing lithium 
supplies (Brown, 2010). 

Japanese consumption of lithium compounds was reported 
by Roskill Information Services to be 18,095 t LCE in 2010, an 
increase of 3696 from that of 2009. Of the 18,095 t total, lithium 
carbonate accounted for 14,000 t LCE, an increase of 5196 from 
that of 2009. Japanese end-use markets reported strong growth 
during 2010— production of lithium-ion batteries increased by 
33%, ceramics increased by 32%, and continuous casting fluxes 
increased by 11796. Japanese consumption of lithium metal for 
use in primary lithium batteries was 180 t in 2010, double that 
of 2009 (Roskill's Letters from Japan, 201 1a, b). 

Korea, Republic of.—As part of the effort to secure stable 
long-term supplies of lithium for its growing automobile, 
battery, and electronics industries, the Government partnered 
with key companies in the Republic of Korea, including POSCO 
and SK Energy Co., Ltd., to acquire lithium from a broad range 
of sources and countries. In addition to its 2010 joint venture 
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with Lithium One in Argentina and partnership agreement with 
Bolivia, the Republic of Korea also invested in U.S.-based Pan 
American Lithium Corp. which owns the rights to 1] salars in 
Chile and a geothermal project in Mexico. In early 2010, the 
Government signed an agreement with POSCO and the Korea 
Institute of Geoscience and Mineral Resources to conduct joint 
research and build a pilot plant for the commercial production 
of lithium from sea water. A research facility and offshore 
plant were scheduled for completion by mid-2011, with lithium 
extraction to commence in 2012 (Korea.net, 2010; Moores, 
2010b; Park, 2011; Watts, 2011). 

Serbia.—Jadarite, a mineral species discovered in 2004 by 
Rio Tinto plc (London, United Kingdom) at Jadar, Serbia, was 
found to contain a high percentage of lithium oxide. Rio Tinto 
confirmed that the Jadar deposit could produce battery-grade 
lithium carbonate and planned to test for additional resources 
and build a pilot plant beginning in late-2011. The company 
intended to start lithium carbonate production in 2016 
(O’Driscoll, 2011). 


Outlook 


The percentage of lithium consumption used globally in 
batteries averaged 2096 per year between 2000 and 2010. 
Demand for lithium-ion batteries (rechargeable) appears to hav 
the greatest potential for growth. Global sales of all rechargeable 
batteries were expected to total $18.3 billion in 2011, with 
lithium-ion batteries accounting for 76% of the market. The 
global market for all rechargeable batteries was forecast to 
climb to $95 billion by 2020, primarily on anticipated demand 
for feature-rich, energy intensive cellular “smartphones” 
and electric vehicles (Brown, 2011). Other lithium end uses 
were increasing also but at lower rates than batteries. Roskill 
Information Services Ltd. (2009, p. 156) indicated that annual 
growth in lithium consumed for pharmaceuticals had averaged 
17% from 2000 to 2008, while lithium consumed for oo 
casting and greases had averaged 8-year growth rates of 8% 
and 6%, respectively. Roskill estimated that total world pom 
consumption would increase to approximately 27,6001 in 20) 
an increase of 22% from Chemetall and Roskill’s consumption 
estimate for 2010 (Baylis, 2010b, p. 13). m 

Lithium supply security has become à top priority for | 
Asian technology companies. Strategic alliances (m 1 
ventures have been, and are continuing to be, iis am 
lithium exploration companies worldwide to es ми 
diversified supply of lithium for Asia’s battery зиррие o ofthe 
vehicle manufacturers. With lithium carbonate e to be 
lowest cost components of a lithium-ion battery, НЕ ку but 
addressed was not cost difference or production e ‘ers 
supply security attained by acquiring lithium Es and 20 
lithium sources. These measures Were ais г. ihe possil 
by the battery and vehicle companies to al ey (T 
of future lithium supply disruptions, which e а producti 
devastating consequences in а well-established : 

HEV, PHEV, and EV industry. 

Research in nanotechnology, the t 
of matter at dimensions of approxim 
has advanced lithium-ion battery tec 
improvements are expected. By altering 


d control 


ing an 
inderstanding ote 


ately 110 100 nanom 


hnology and further i 
the nanostructures 
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шш the lithium-ion battery's anode and cathode, researchers have 
iria been able to increase battery storage capacity, output power, 
жй lifespan, and stability, while decreasing the time required 
Dein ba to charge the battery (Harrop, 2008). Used in power tools, 
iis nanotechnology has enabled lithium-ion batteries to provide 
: йш power surges of up to 10 times that of conventional lithium-ion 
rome: batteries (Bullis, 2008). In hybrid vehicles, power surges from 
ath fli lithium-ion batteries enable a vehicle to accelerate faster than 
куа with other batteries of the same size (Pontin, 2007). A promising 
Kennt Yi new technology, the lithium-air battery, may be capable of 
delivering 5 to 10 times more energy density than today's best 
Бий lithium-ion technology, effectively rivaling the energy density 
фра: of petroleum. Development of lithium-air battery technology is 
ой still in its infancy, however, and commercial production could 
Шш be 10 to 20 years away (Rahim, 2010). 
Чи Increased use of larger lithium-ion batteries can be attributed 
је и in part to use in heavy-duty power tools because lithium-ion 
үф} batteries are replacing nickel-cadmium batteries in power tools. 
According to a leading manufacturer of power tools, 70% of all 
cordless power tools in Europe were powered by lithium-ion 
batteries in 2009. The manufacturer expected lithium-ion power 
224 tools to account for 90% of the cordless power tool market by 
et! 2011 (Hartung, 2010). 
м Most global automobile manufacturers have announced plans 
ШЕЙ. to use lithium-ion batteries in current and future generations of 
alist HEVs, PHEVs, and EVs. Vehicles with lithium-ion batteries 
biliwi: from companies such as BYD Co., Ltd., Daimler AG, General 
МЕ Motors Co., Hyundai Group, Mitsubishi Motors, Nissan Motor 
risus Co., Ltd., Tesla Motors, Inc., and Volkswagen Group were 
m: introduced іп 2010. Major automobile manufacturers also 
Tay formed partnerships with established battery manufacturers to 
iri; build battery plants for hybrid and electric-drive vehicles and 
ШШ? begin mass production of lithium-ion batteries. 
i The worldwide market for lithium-ion batteries used in 
i transportation was expected to increase to approximately $8 
ws billion by 2015 from $876 million in 2010, largely fueled by 
пи? government subsidies and incentives. Asian lithium-ion batteries 
ic? were forecast to comprise 53% of the $8 billion market by 2015 
gh’? (Pike Research, 2010a). 
ШО Тһе successful use of lithium-ion batteries in HEVs, 
| PHEVs, and EVs could greatly increase demand for lithium. 
yn As consumption and prices rise, spodumene and other lithium 
gi feSources that had been considered uneconomic might once 
js again yield economically feasible raw materials for the 
ws production of lithium carbonate. New lithium mineral operations 
qu under development throughout the world in 2009 and 2010, 
yt Specifically built to produce battery-grade lithium carbonate, 
д) demonstrated a renewed interest in lithium exploration and 
„č development. 
А аа countries worldwide were establishing national 
У vic energy policies which have the potential to 
j em Increase lithium demand. Market research firm Pike 
И Euro anticipated that Asia, North America, and Western 
m р - e forefront of adopting utility-scale energy 
j grids of the E г 1. play a large role in the electricity 
4 short-duration = | | or long-duration storage as well as 
' ty services. These energy storage systems 
4 Would be the downstream beneficiari EY Storage sy 
ciaries of the widespread 
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research and innovation on lithium-ion battery development for 
the transportation sector. Of several energy storage technologies 
competing within the short-duration ancillary services market, 
Pike Research indicated that advanced lithium-ion batteries hold 
the greatest potential. The firm forecast that lithium-ion batteries 
would capture approximately 7096 of the ancillary services 
market worldwide by 2019, with revenue approaching $4.7 
billion (Pike Research, 2010b, c). 

In addition to energy storage systems, several other potential 
growth areas could significantly increase lithium demand by 
2020. Lithium used in the form of large-scale solar thermal 
working fluids in solar thermal power applications and as a 
working material for passive control mechanisms in nuclear 
reactor applications could offer substantial opportunities for 
future lithium growth (Lee and Hykawy, 2011). 
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ч SALIENT LITHIUM STATISTICS! 
Ше? | (Metric tons of contained lithium) 
ull 
" 2006 2007 2008 2009 2010 
2 . 
" United States: 
Production W W W W W 
et MEC — !—ÁÁ——— o — 
ge Exports? 1,500 1,440 1,450 919 1,410 
"ud Imports? 3,260 3,140 3,160 1,890 1,960 
Be Consumption" 2,500 2,400 2,300 1,300 1,100 
ai Rest of world, production? 24,300 25,400 26,500 ' 19,500' 28,100 
" А "Revised. W Withheld to avoid disclosing company proprietary data. 
ЈЕ Data are rounded to no more than three significant digits. 
к ^Compounds. Source: U.S. Census Bureau. 
di "Mineral concentrate and lithium carbonate. 
f 
y 
џ 
s 
; 
j 
| 
j 
J 
| LITHIUM—2010 


44.9 


TABLE 2 


U.S. EXPORTS OF LITHIUM CHEMICALS, BY COMPOUND AND COUNTRY’! 


‘Revised. -- Zero. 


2222222 2009 2010 
Gross weight Value? Gross weight Value? 
Compound and country (metric tons) (thousands) (metric tons) (thousands) 
Lithium carbonate: 
Australia 1! $6 ' 1 $14 
Салада 157 662 27 117 
China 8 28 376 1,650 
Germany 576 3,970 677 3,750 
India 37 238 56 421 
Korea, Republic of 80 514 71 450 
Kuwait 42 831 -- -- 
Mexico 14° 83 ' 21 74 
United Kingdom 53 241 35 128 
Other 27" 142 ' 89 639 
Total |... 995 6710 Мо 7240 
Lithium carbonate, U.S.P.:? 
Australia 13 75 1 10 
India 6 166 9 230 
United Kingdom (4) 9 = zd 
Other 11 76 6 435 
То{а1 30 326 16 675 
Lithium hydroxide: 
Argentina 65 556 87 750 
Australia 64 478 63 464 
Belgium -- -- 951 4,660 
Сапада 90 438 157 912 
China 37 345 103 658 
Colombia 63 521 46 334 
Egypt 73 493 102 679 
Germany 397 2,490 676 3,440 
India mm 81 436 340 1,720 
Japan 1,870 14,200 2,700 20,000 
Korea, Republic of 249 1,750 203 1,250 
Mexico 68 322 264 988 
Netherlands 99 535 (4) 13 
Peru 6 40 16 116 
Russia 63 348 210 990 
Saudi Arabia 89 742 79 481 
Singapore 21 318 52 320 
South Africa 77 690 49 505 
Taiwan 56 357 29] 1,830 
Thailand 155 933 274 1,490 
United Arab Emirates -- -- 100 572 
United Kingdom 673 4,380 152 927 
Venezuela 78 704 8 96 
Vietnam 24 180 16 110 
Other 10 347 21 261 
Total 4,400 31,600 6,960 43,600 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


?Free alongside ship values. 


?Pharmaceutical-grade lithium carbonate. 


^Less than М unit. 


Source: U.S. Census Bureau. 
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TABLE 3 
U.S. IMPORTS FOR CONSUMPTION OF LITHIUM CHEMICALS BY COMPOUND AND COUNTRY' 


2009 2010 
Gross weight Value? Gross weight Value? 
Compound and country (metric tons) (thousands) (metric tons) (thousands) 
Lithium carbonate: 
Argentina 6,220 $29,700 7,360 $32,400 
Chile | 2,900 11,400 2,080 8,640 
China 107 454 48 179 
Other 26 269 9 37 
Total 9,250 41,900 9,500 41,300 
Lithium hydroxide: 
Chile 510 3,070 915 4,540 
China 306 1,440 99 504 
Germany 13 526 -- -- 
India 28 188 -- - 
Japan 15 81 1 41 
Norway m 21 54 33 57 
United Kingdom 37 201 20 109 
Other 2 30 2 48 
Total 932 5,580 1,070 5,300 
- Zero, 
"Рана are rounded to no more than three significant digits; may not add to totals shown. 
"Customs value. 
Source: U.S. Census Bureau. 
TABLE 4 
LITHIUM MINERALS AND BRINE: WORLD PRODUCTION, BY COUNTRY "2 
(Metric tons) 
ee eee 
| Couty? — — 206 =}. 28 32495 xx — 
Lithi Pu ESSE е E 
T — ” ып мб зн _ ваю боо 
Australia, spodumen -----б 5% 7,00 4,350 ' 6,500 
Be л _ 192,277 239,528 197,482 ' 295.000 
pol го 8,585 7,991 8.000 * TF | 
Canada, spodumene* 4 ОО 250 —— 32250 2.000 НЕТ 8,000 
Chil: ———— , » , 10,000 N 


Lithium carbonate from subsurface brine 
ii 46,241 51,292 48,469 25 
; | 9 [] ‚1 54 4 
ion dini СЭ = 1,166 4,185 4,362 2,397 m 
М4 , 
тю oo mi 7 = "m 3.794 4,160 4,050 2,987 400 
А nate | | 
China, carbonate? | 15,000 16,000 17,500 20,000 21,000 
AIL po э „ә шы e t eL ANM ILL а 3 , 
— 21,000 _ 


Portugal, lepidolite 
ie 28,497 
United States, subsurface brine —— === ТТ x : x: 37,359 ' 40,600 


Imbabwe, amblygonite, eucryptite, lepidolite, petalite, and spodumene* 30,000 30.000 25.000 20 x = 
аара ааг Rea ti - 2 , 23,500 


"Estimated. ‘Rev; i id di 
ES : ed. 'Revised. W Withheld to avoid disclosing company proprietary data. -- Zero. 
able includes data available through May 19, 2011. 


ae 
Estimated data are 


ң » rounded to no more than three significant digits. 
n addition to the countries listed, 


NA other nations may produce small quantities o lithi | i 
estimating production level p q f lithium minerals, but output is not reported, and no valid basis is available fo 
ог 


4 
Based o , 
n all Canada's Spodumene concentrates (Tantalum Mining Corp. of Canada Ltd.'s Tanco property) 
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MAGNESIUM 
By Deborah A. Kramer 


Domestic survey data and tables were prepared by Paula R. Neely, statistical assistant, and the world production table was 


prepared by Lisa D. Miller, international data coordinator. 


Primary magnesium was produced by one company in the United 
States, and much of the U.S. demand was met by imports. Israel 
was the principal source of imported magnesium metal and alloys. 
Aluminum alloying, diecasting, and iron and steel desulfurization 
were, in descending order, the principal end-use applications for 
magnesium in the United States in 2010. Consumption of primary 
magnesium in the United States in 2010 was about 9% higher 
than that in 2009, mostly as a result of the increase in use for 
iron and steel desulfurization, as U.S. steel production recovered 
from the economic downturn. China continued to dominate world 
production of primary magnesium, accounting for 86% of the 
total (excluding the United States). The United States continued to 
minimize the quantity of pure and alloy magnesium imported from 
China through the imposition of antidumping duties. 


Legislation and Government Programs 


In October, the U.S. Department of Commerce, International 
Trade Administration (ITA), published the final results of its 
antidumping duty review of magnesium alloy imports from 
China. The ITA determined that for April 1, 2008, through 
March 31, 2009, for Tianjin Magnesium International Co. Ltd. 
(TMI) the duty was 0% ad valorem, and for other exporters from 
China, the rate would be 141.49% ad valorem or an individual 
rate that had been established for a specific company in an 
earlier review (U.S. Department of Commerce, International 
Trade Administration, 20102). In November, the ITA issued a 
rescission of the antidumping duty order on magnesium alloy 
from TMI for April 1, 2009, through March 31, 2010, because 
TMI had not shipped magnesium alloy to the United States 
during that period (U.S. Department of Commerce, International 
Trade Administration, 201 Ob). 

In December, the ITA published the final results of its 
antidumping duty review of pure magnesium imports from 
China, The ITA determined that for May 1, 2008, through 
April 30, 2009, for TMI, the duty was 0.73% ad valorem, and 
for other exporters from China, the rate would be 111.73% ad 
Valorem (U.S. Department of Commerce, International Trade 
Administration, 2010e). 

The ITA also completed an expedited 5-year sunset review 

of magnesium alloy imports from China and pure and alloy 
magnesium imports from Russia into the United States. Because 
по Party in the original determination notified the ITA that 

it Intended to participate in the reviews, the ITA determined 
revocation of the antidumping orders would likely lead 

ri Continuation of dumping. As a result, the ITA maintained 

| antidumping duty orders (U.S. Department of Commerce, 
nternational Trade Administration, 201 Oc). 

Russian magnesium producer VSMPO-Avisma Corp. 
requested that the International Trade Commission conduct a 

"Year sunset review of antidumping duties for pure magnesium 
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imported from Russia into ће United States. In August 2009, 
the ITA had set an antidumping duty rate of 43.58% ad valorem 
on magnesium metal from VSMPO-Avisma for April 1, 2007, 
through March 31, 2008, and a rate of 21.71% ad valorem for 
metal from Russian company JSC Solikamsk Magnesium Works 
(SMW). VSMPO-Avisma said that imports from Russia would 
not increase significantly if the antidumping duty order were 
revoked (Jennemann, 2010). 

In September, the ITA published the final results of its 
antidumping duty review of magnesium imports from Russia for 
April 1, 2008, through March 31, 2009. For VSMPO-Avisma, 
the ITA set a duty of 0% ad valorem. Because SMW did not 
ship magnesium into the United States in the period of review, 
its duty was set at the rate that was determined the last time 
the company had U.S. sales or shipments (U.S. Department of 
Commerce, International Trade Administration, 2010d). 

Federal authorities charged six people and three companies 
with importing substandard magnesium powder from China 
into the United States, where it was used to make 1.8 million 
countermeasure flares that were intended to be used by military 
aircraft to divert heat-seeking missiles. Officials said that none 
of the flares made it onto aircraft before being quarantined, 
and that all would be destroyed. The Chinese magnesium was 
mixed with aluminum nuggets and mislabeled when it entered 
the country in sealed drums, so that it would not be subject to a 
nearly 306% antidumping duty (Thompson, 2010). 


Production 


U.S. Magnesium was the sole producer of primary magnesium 
in the United States. The company recovered magnesium 
electrolytically from brines from the Great Salt Lake at its 
52,000-metric-ton-per-year (t/yr) plant in Rowley, UT. U.S. 
Magnesium renewed plans to increase magnesium production 
capacity at its Rowley plant to 63,500 t/yr by 2013. The plans to 
increase capacity were originally proposed in 2004, but because 
of the global recession, the plans were put on hold in 2009. About 
11,000 t/yr of U.S. Magnesium's production was committed to 
Allegheny Technologies Inc. (АТ!) for use in its nearby titanium 
sponge plant, which started operations in 2009. This magnesium, 
which is used in the Kroll process to produce titanium sponge 
from titanium tetrachloride, was committed for several years, 
until ATI’s plant reaches full capacity (McBeth, 2010c). 


Environmental Issues 


The cover gas sulfur hexafluoride (SF,) that is used to protect 
molten magnesium from oxidation has been identified as a 
potential factor in global warming. Although studies on the effect 
ofthe gas continued, its long atmospheric life (about 3,000 years) 
and high potential as a greenhouse gas (GHG) (23,900 times the 
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global warming potential of carbon dioxide) resulted in a call for 
voluntary reductions in emissions. In 1999, the U.S. magnesium 
industry, the International Magnesium Association, and the U.S. 
Environmental Protection Agency (EPA) began a voluntary 
partnership to reduce emissions of SF,. The major processes that 
require SF, melt protection are primary production; secondary 
production; die, permanent mold, and sand casting; wrought 
products production; and anode production. According to the EPA, 
the magnesium industry emitted 1.1 teragram CO, equivalent of 
SF, in 2009, representing a decrease of approximately 4576 from 
2008 emissions. The decrease may be attributed to diecasting 
facilities closing in the United States and reduced demand from the 


American automobile industry and other industrial sectors. An issue 


that was expected to be addressed in future inventories is the likely 
adoption of alternate cover gases by U.S. magnesium producers 
and processors. These cover gases, which include AM-cover™ 
[containing hydroflurocarbon-134a (HFC-1342)] and Novec™ 612 
(dodecafluoro-2-methylpentan-3-one), have lower global warming 
potential than SF, and tend to quickly decompose during their 


exposure to the molten metal. Magnesium producers and processors 


voluntarily have begun using these cover gases in a limited fashion 
(U.S. Environmental Protection Agency, 2011, p. 4-52--4-54). 
On June 28, the EPA issued a final rule that requires annual 
GHG emissions reporting from four source categories— 
magnesium production, underground coal mines, industrial waste 
landfills, and industrial wastewater treatment. For magnesium, 
each facility must report total annual emissions for each of the 
following cover or carrier gases: SP, HFC-134a, the fluorinated 
ketone FK 5-1-12, carbon dioxide, and any other fluorinated 
GHG as defined in the rule. Collection of the data was scheduled 
to begin on January 1, 2011, with the first report due on 
March 31, 2012 (U.S. Environmental Protection Agency, 201 0). 
In a ruling by the 10th Circuit Court of Appeals, a 2007 decision 
exempting U.S. Magnesium’s waste streams from regulation 
by the EPA under the Resource Conservation and Recovery Act 
(RCRA) was reversed. In the lawsuit originally begun in 2000s 
U.S. Magnesium argued that the EPA exempted five wastes from 
regulation under subtitle C of RCRA. U.S. Magnesium claimed 
that the EPA could not change that interpretation, at least is 
without first complying with the notice and comment proce pie 
of the Administrative Procedure Act. The district court had agree 
th U.S. Magnesium, but, according to the new appellate court 
nil because the EPA never previously adopted a definitive 
s а it remained free to change its mind and issue a new 
2. its own regulations. The appellate court remanded 
ihe decisio to the district court (Leagle.com, ER - 
In November, U.S. Magnesium appealed the E : ecision 
lare its magnesium production facility in Rowley as а 
е d site. The company argued that the EPA broke its 
ARA b designating the plant as a Superfund site. The 
-— o contended that although there are four sources 
on the site, they cannot be aggregated to show a 
of pollutior ie id that two birds listed as affected by the 
higher ae = ue threatened or endangered. Because the 
lant's ор Е A Magnesium's facility is a Superfund site is 
EPA ruling iiri ulation, the appeal went directly to the 
considered aaa District of Columbia (Burr, 2010). 
Court of Appeals for the 
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Consumption 


Data for magnesium metal are collected from two voluntary 
surveys of U.S. operations by the U.S. Geological Survey. Of 
the 62 companies canvassed for magnesium consumption data, 
50% responded, representing 45% of the magnesium-base 
scrap consumption listed in table 2 and the primary magnesium 
consumption listed in table 3. Data for the 31 nonrespondents 
were estimated on the basis of prior-year consumption levels 
and other factors. 

Reported primary magnesium consumption in 2010 was 
about 9% higher than that in 2009 (table 3), which reflected 
a slight increase in the U.S. economy. Aluminum alloying 
was the principal use for primary magnesium, accounting for 
43% of the total, followed by diecasting with 35% and iron 
and steel desulfurization with 11%. Primary magnesium use 
in aluminum alloying increased slightly although primary 
aluminum production in the United States in 2010 was about the 
same as that in 2009. A 36% increase in steel production from 
2009 to 2010 was responsible for a 50% increase in the use of 
magnesium for desulfurization. 

Hart Metals Inc. (a subsidiary of United Kingdom-based 
Magnesium Elektron Ltd.) received $1.6 million in Federal 
funding to design magnesium components for military vehicles. 
The funding was expected to be used to finance construction and 
installation of an atomizer by yearend 2010. Hart Metals would 
then start developing alloys and adjusting their properties to find 
the right mix to meet military specifications. Hart Metals already 
manufactured magnesium flares for the military (Pangonis, 2010). 
ESM Group Inc. announced that it would construct an atomized 
magnesium plant at its Saxonburg, PA, operations by the second 
quarter of 2011. Although the company did not specify the plants 
expected production capacity, magnesium powder produced at the 
plant would be targeted to defense markets (Riley, 20103). 

In October, a fire at Magnesium Elektron's Madison, IL, 
magnesium sheet plant destroyed one of the plant's reheating 
furnaces, but because the plant was operating at less than its 
production capacity, the fire did not disrupt the company’s 
supply to its customers. The plant produced magnesium sheet 
for aerospace and commercial applications ( Riley, 201%). 

Metal-Oxygen Separation Technologies Inc. (Natick, МА) 
received a $260,000 grant from the U.S. Department of | 
Energy (DOE) to develop an efficient one-step electrolytic 
process to recycle low-grade and post-consumer magnesium 
scrap. The company was developing an electrolytic proces | 
recover magnesium from magnesium oxide, unlike и 
electrolytic processes that use magnesium chloride as a fee 
material. The National Science Foundation provided startup 
funding of $100,000 to the company in June 2009, and E 
company received $1.1 million in grants in 2010 from : ^ ' 
including the $260,000 grant noted above (Alspach, 20 ) 

A new technology to produce magnesium sheet has E 
developed by nanoMAG, LLC (a subsidiary of T : ^ 
The process is related to the thixomolding injection а x | 
process, which converts magnesium alloys into comp E. 
nanoMAG claimed that the fine-grain sheet material Ц 
easily, allowing fabrication of net-shape finished compon 
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currently not available. The new sheet was said to provide 
200% higher strength and improved toughness compared 
to conventional magnesium sheet, while also providing the 
strength of carbon steel sheet at one-fourth the weight. The 
company planned to target the new sheet product to applications 
in military vehicle armor, resorbable biomedical implants, and 
structural aerospace applications (Smock, 2010). 
European steelmaker Corus (a subsidiary of India's Tata 
Steel Group) reportedly developed improved anticorrosion steel 
coatings dedicated to the automotive industry. One new coating, 
which contains a small quantity of magnesium and aluminum 
and less zinc than usual, was at the commercialization phase and 
undergoing tests. Its claimed improved corrosion performance 
could enable Corus to produce steel sheet with a thinner coating 
layer, which could reduce the weight of individual structural car 
body components by up to 3594 compared to conventional steels 
without sacrificing safety requirements (Metal-Pages, 2010c). 
McPhy Energy, a French company founded in January 2008 
to industrialize and commercialize a new technology for the 
solid storage of hydrogen in the form of magnesium hydride, 
raised €13.7 million ($16.9 million) in a second round of 
financing to scale up its hydrogen storage technology. Following 
a €1.6 million ($1.9 million) first round of financing in January 
2009, the company established a production line and created 
a reservoir of magnesium hydride that was delivered to the 
French Laboratory of Innovation for New Energy Technologies 
and Nanomaterials (CEA-Liten) in March 2010 for testing 
on an industrial scale. In April, McPhy Energy signed a 
research contract with CEA-Liten to manufacture two full-size 
magnesium hydride storage prototypes and to test them at 
industrial scale. During the test campaign, they would be 
coupled to an electrolyzer and a fuel cell simulating a real-world 
renewable energy storage application (EETimes, 2010). 


Stocks 


Producers’ yearend 2010 stocks of primary magnesium were 
about the same as those at yearend 2009; producer stock data 
were withheld to avoid disclosing company proprietary data. 
Consumer stocks of primary and alloy magnesium were 4,230 
metric tons (t) at yearend 2010, 22% lower than the yearend 
2009 level of 5,420 t (revised). 


Prices 


The U.S. spot Western magnesium price rose in the first 
quarter of the year, stabilized in the second and third quarters, 
and fell slightly to end the year at only about 10 cents per pound 
More than that at the beginning of 2010. In the first quarter, 
the increase in magnesium consumption that had begun in the 
third quarter of 2009 led to a drawdown in stocks, which fueled 
purchases, and, as a result, led to increased prices (McBeth and 
Yee, 2010). U.S. magnesium demand remained slow through 
the second quarter, and the summer is generally a time of 
reduced consumption because of automotive plant closures. 
General Motors Corp., however, announced that it would keep 
9 of its П automobile assembly plants operating during the 
traditional shutdown period from June 28 to July 9 because of 
Increased demand for automobiles. The decision to keep the 
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plants operating through the summer was intended to increase 
production by 56,000 vehicles (Metal-Pages, 2010b). 
Press reports indicated that although U.S. magnesium 
consumption had diminished from the level before the economic 
recession, domestic supplies were barely sufficient to meet 
this consumption level, which led to stable prices in the 
third quarter of 2010 (Metal-Pages, 2010d). The weakening 
economy, concern about automotive markets, and a reduction 
in inventories by consumers were the principal reasons for the 
price decline in the fourth quarter. 

Magnesium contracts in North America for 2011 reportedly 


‘settled between $2.30 and $2.35 per pound for pure magnesium 


or diecasting alloy and $1.80 to $1.90 per pound for secondary 
90/10 magnesium alloy (McBeth, 2010b). 


Foreign Trade 


Total magnesium exports for 2010 were about 25% less than 
those in 2009 (table 5). Canada (43%), Mexico (22%), and 
Singapore (15%) were the principal destinations. 

Magnesium imports for consumption in 2010 were about 
12% higher than those in 2009 (table 6). Magnesium metal 
(containing at least 99.8% by weight of magnesium) imports 
were 15% lower compared with those in 2009, but alloy imports 
were 143% higher. Israel (35%) was the principal source of 
magnesium imports, mostly metal and alloys, and Canada (21%) 
was the second ranked source of magnesium imports, mostly 
waste and scrap. 

Taiwan, with a 22% share of magnesium alloy imports into 
the United States in 2010, has increased its imports significantly 
because recycler Pinda Technology Co. Ltd. signed an 
agreement with U.S.-based Greenwich Metals Ltd. to market 
its product in the United States. Pinda Technology can produce 
7,200 t/yr of magnesium from diecasting scrap but had been 
producing at about 4,000 t/yr because of a shortage of scrap. 
Pinda Technology’s material is marketed to U.S. diecasters as an 
alternative to domestically produced magnesium (Riley, 2011). 


World Review 


European Union.—A ad hoc working group under the Raw 
Materials Supply Group that was formed by the European 
Union (EU) analyzed 41 materials to determine their economic 
importance and supply risk, and determined that magnesium was 
1 of 14 critical materials. The group recommended a number of 
steps to improve the availability of reliable, consistent statistical 
information; improve the knowledge of the availability of 
resources and their flow into products through the value-added 
chains of the EU economies; encourage more research into 
life-cycle assessments for raw materials and their products on a 
cradle-to-grave basis; and create a working group to analyze the 
impact of emerging technologies on demand for raw materials 
(European Commission Enterprise and Industry, 2010, p. 5-10). 

Australia. —Latrobe Magnesium Ltd. continued to develop its 
process to recover magnesium from coal fly ash. Experimental 
work demonstrated progressive reductions in sulfur and iron 
in the fly ash, which resulted in increased metallic magnesium 
recoveries of up to 9496. Based on this, Latrobe Magnesium 
began a prefeasibility study, which was expected to be 


completed by the end of March 2011, to develop a 5,000-t/yr 
magnesium plant. Construction time for the plant was estimated 
to be 12 months. In December 2010, the company signed an 
extension of its existing agreement with Hazelwood Power. 
Under the agreement, Hazelwood Power agreed to supply ash 
from the Hazelwood Power Station, provide land adjacent to 
the Hazelwood Power Station on which to construct a primary 
magnesium plant, and supply electricity at a competitive price 
(Latrobe Magnesium Ltd., 2011, p. 4—6). 

Canada.—Gossan Resources Ltd. (Winnipeg, Manitoba) 
reported that results from recently completed phase 3 
bench-scale tests confirmed that the Zuliani process produced 
magnesium metal under atmospheric conditions at high raw 
material efficiencies. Compared to a magnesium metal plant 
using the Pidgeon process in China, the Zuliani process used 
33% less ferrosilicon and 23% less dolomite to produce an 
equivalent quantity of magnesium. As a result of the successful 
tests, Gossan planned phase 4 testing of the Zuliani process, 
which would increase the experimental scale by more than 
100 times compared to the phase 3 bench-scale tests. Gossan 
planned to recover magnesium from a dolomite deposit in 
south-central Manitoba (Gossan Resources Ltd., 2010). 

China.—According to the China Nonferrous Metals Industry 
Association, China produced 654,000 metric tons (t) of 
magnesium in 2010, 31% more than 2009 production. | 
Approximately 384,000 t of magnesium was exported in 2010, 
with about one-half as unwrought magnesium (China Metal 
Market—Precious & Minor Metals Monthly, 2011). | 

[n May, China Direct Industries, Inc. announced that it was 
restarting production of primary magnesium at two facilities 
in China—Baotou Changxin Magnesium Co., Ltd. (Inner | 
Mongolia), with a capacity of 20,000 t/yr and Taiyuan Changxin 
um Co. Ltd. (Shanxi Province), with a capacity of | 
scheduled production at the facilities 

га in July or August 2010 after the plants had been idle 
rdi 2006 ous of weak demand. China Direct also 
operated Shanxi Gu County Golden Magnesium d | 
(Shanxi Province) with a production capacity of 12, vyr; 
production at this plant reportedly reached its full capacity in 
May (China Direct Industries, Inc., 2010). T 
The municipal government of Anshan in Liaoning Pro 

; tment, through Magnesium Resources Corp. of 

secured Invest | lant in the city's Haicheng 

i to build a magnesium p : 

China Ltd., to ^ was expected to invest up to 

«strict. Magnesium Resources d 
district. | өл struction of the facility, which would have 
$1.5 piron n rof 200.000 t/yr of magnesium metal and 
a production capacity "n The first phase of the project 

0 t/yr of magnesium alloys. ^ 

50,000 Uy mpleted in mid-2010 (Metal-Pages, 20102). 
was expect ed 2. d Alloy Co. Ltd. (Shaanxi Province) 

Fugu Xintian 2. nesium ingot production capacity to 
planned to expand ae | "The company planned to invest 
20,000 t/yr from на sew prediction line with a capacity of 
$8.8 million to set up a cU and 10,000 t/yr of magnesium 
10,000 t/yr Op era earend 2010. The company also 
alloy to be a «н tar at its plant, which served as the 
produced 40,000 ty ium ingot production and reduced the 
fuel supply for magnes! 


lant's production cost (Metal-Pages, 2010e). 
p 


Magnesi 
10,000 t/yr. The company 


45.4 


As part of its 5-year plan, China's Government would close 
currently producing magnesium plants with a production 
capacity of less than 15,000 t/yr and require that all new plants 
have a production capacity of at least 20,000 t/yr. The new rules 
were scheduled to be implemented in 2011. In addition, the new 
regulations require magnesium plants to consume a maximum 
of 5.5 to 6.0 t of coal per ton of magnesium produced; some 
plants have consumed as much as 11 to 18 t of coal per ton of 
magnesium. The goals of the new regulations were to eliminate 
small plants that produce substandard (less than 99.9% -риге) 
magnesium and to reduce emissions (Leung and Yee, 2010). 

Malaysia.—The first production of magnesium from CVM 
Minerals Ltd.'s (Kuala Lumpur) plant in Malaysia began in 
June, although the plant had not ramped up to commercial-scale 
production by yearend. The facility in Taiping in the state 
of Perak used locally mined dolomite feedstock for a 
Pidgeon-process plant using natural gas to fuel the process. 
The initial production capacity was 15,000 t/yr. CVM planned 
to double the capacity to 30,000 t/yr in the future and to begin 
producing magnesium alloys (CVM Minerals Ltd., 2010, p. 8). 

Mexico.—Garfield Alloys Inc. (Garfield Heights, OH) 
announced that it was closing its Garfield Alloys de Mexico 5. 
de В.Г. de C.V. subsidiary, which opened in 2005 with a 4,000 
t/yr capacity to recycle various types of magnesium scrap. 
Production at the plant stopped in December, and the closure was 
expected to be completed in the first quarter of 2011. Garfield 
Alloys determined that capacity at its existing U.S. operations in 
Bellevue, OH, (MagReTech), which recycles class I scrap, and 
outside Cleveland, OH, which processes magnesium dross, would 
be sufficient to meet customer needs (McBeth, 2010a). 


Outlook 


U.S. magnesium consumption was expected to continue to 
be directly correlated to the global economy. If the economy 
recovers, magnesium consumption in the United States should 
return to its earlier levels. A significant portion of U.S. demand 
for magnesium will depend on its use in aluminum alloys. 
Aluminum production in 2011 was expected to increase from 
that in 2010, with U.S. aluminum producers bringing some 
additional capacity onstream that had been shut since 2008 and 
2009. As of June 1, 2011, however, the U.S. aluminum industry 
was operating at only 60% of its total production capacity. 

Most of the growth in magnesium use in the past decade 
resulted from its increased use in automotive applications 
because of its light weight, and any increase in automobile 
manufacturing would be expected to result in an increase in 
the use of magnesium. However, automotive manufacturers " 
may be less likely to choose magnesium than other lightwelg 
materials, such as plastic, because of the limited availability 
from multiple producers. Because of antidumping duties 
assessed on magnesium imported from China, the leading 
producer, automobile manufacturers are limited to a, | 
primary magnesium from one company in Brazil, one in us 
two in Russia, and one in the United States. The limited n | 
of suppliers was one of the reasons that the U.S. ШШ, 
industry was reluctant to use magnesium for many year ле 
a result of the downturn in the U.S. economy and the lim! 
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ш number of suppliers of magnesium, the U.S. diecasting 
барі industry has lost at least six large diecasting facilities since 
Шш 2008. According to Ward's Automotive Group (2011), U.S. 
LN light vehicle production for the first half of 2011 was 8.8% 
Л. aly higher than that in 2010, which is likely to lead to increased 
CONSUME US magnesium diecasting production and use in 2011. 
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TABLE 1 


SALIENT MAGNESIUM STATISTICS! 


(Metric tons unless otherwise specified) 


2006 2007 2008 
United States: 
Production: 
Primary magnesium W W W 
Secondary magnesium 94,900 ' 89,300 ' 88,400 ' 
Exports 12,300 14,800 14,400 
Imports for consumption 75,300 71,800 83,300 
Consumption, primary 77,600 72,200 64,500 
Yearend stocks, producer W W W 
Price? dollars per pound 1.35-1.45 2.00-2.50 3.05-3.25 2. 
World, primary production" 675,000 751,000 670,000 


*Estimated. 'Revised. W Withheld to avoid disclosing company proprietary data. 
!Data are rounded to no more than three significant digits. 


?Source: Platts Metals Week. 


TABLE 2 
MAGNESIUM RECOVERED FROM SCRAP PROCESSED IN THE 


2009 


W 


68,600 ' 


19,600 
47,300 
50,900 
W 
20-2.40 


598,000 " 


UNITED STATES, BY KIND OF SCRAP AND FORM OF RECOVERY! 


(Metric tons) 


PMCID —————— PE Ü——— ава 
2009 


KIND OF SCRAP 
New scrap: 
Magnesium-base 17,200 
Aluminum-base 30,900" 
Total 48,100" 
Old scrap: 
Magnesium-base 1,210 
Aluminum-base 19,300 ' 
Total 20,500" 
Grand total NN 68,600 " 
FORM OF RECOVERY 
Magnesium alloy ingot? W 
Magnesium alloy castings 7,970 
Aluminum alloys 51,700 ' 
Other? me 8,900 
68,600 ' 


Total 


2010 


6,520 
54,600 
10,900 
72,000 


"Revised. W Withheld to avoid disclosing company proprietary data; included in "Other." 
Ра are rounded to no тоге than three significant digits; may not add to totals shown. 
"Includes secondary magnesium content of both secondary and primary alloy ingot. 
3Includes chemical and other dissipative uses, cathodic protection, and data indicated 


by symbol W. 


2010 


W 

72,000 
14,800 
52,700 
55,700 

W 
2.35-2.50 
751,000 
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TABLE 3 
U.S. CONSUMPTION OF PRIMARY MAGNESIUM, BY USE! 


(Metric tons) 


Use 2009 2010 
For structural products: 
—————————— 


Castings: 
Die 19,100 19,600 
Permanent mold 107 ' 163 
Sand 410 424 
Wrought products? 1,090 * 2,120 
Total 20,700 22,300 
For distributive or sacrificial purposes: 
Aluminum alloys 23,000 23,800 
Cathodic protection (anodes) 686 709 
Iron and steel desulfurization 3,970 5,960 
Nodular iron 72 412 
Reducing agent for titanium, zirconium, hafnium, uranium, beryllium 1,120 882 
Other 1,350 1,630 
Total 30,200 33,400 
Grand total 50,900 55,700 
'Revised. | 


'Data аге rounded to no more than three significant digits; may not add to totals shown. 
"Includes sheet and plate and forgings. 
"Includes chemicals and scavenger, deoxidizer, and powder. 


TABLE 4 
YEAREND MAGNESIUM PRICES 

2009 2010 
ae ТЕС; 
U.S. spot dealer import dollars per pound 2.25-2.40 2.25-2.40 
U.S. spot Western do. 2.20—2.40 2.35-2.50 
China dollars per metric ton 2,630-2,700 2,900-2,950 
European free market do. 2,700—2,800 2,950-3,050 
о о о 


do. Ditto. 


Source: Platts Metals Week. 


45.7 


45.8 


TABLE 5 


U.S. EXPORTS OF MAGNESIUM, BY COUNTRY' 


Powder, sheets, tubing, 
ribbons, wire, other forms 


Waste and scrap Metal Alloys 
Quantity Value Quantity Value Quantity Value | Quantity Value 
Lx Country (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 
Brazil -- -- 220 $648 2,090 $10,100 2] $761 
Canada 2,050 $4,630 2,610 8,470 5,290 22,100 217 3,330 
Mexico 165 453 520 1,800 1,050 4.760 881 5,480 
Singapore -- -- 2,550 9,150 262 944 9 191 
United Kingdom -- -- -- -- 10 51 340 10,300 
Other 67 119 221 461 488 2.470 581 10.500 
Total 2,280 5.200 6,120 20,500 9,190 40,400 - 2,050 30,500 
2010: 
Brazil -- -- 60 220 396 2,350 15 856 
Canada 85 219 1,730 8,400 4,270 18,100 272 4,090 
Mexico 112 205 937 2,730 1,500 6,380 648 4,130 
Singapore -- -- 2,110 7,070 61 386 37 743 
__Џпнед Kingdom | 4 11 -- -- 29 292 461 15,000 
Other 280 367 465 1,340 676 3,400 638 11,800 
Er НН _ 2. 802 5,300 19,800 6,940 30,900 2,070 36,600 - 


-- Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 


Quantity 
Country (metric tons) 
2009: 
Canada 14,800 
China 50 
Israel -- 
Kazakhstan ss 
Mexico 805 
Russia -- 
United Kingdom 1,410 
Other 3,840 
Total m 20,900 
2010: 
Canada 10,100 
, China 196 
Israel 25 
Kazakhstan КЕ 
Mexico | 687 
~ Russia | os = 
~ United Kingdom | 3,280 
~ Other iibi... 7.850 
_ Total _ 22,100 


Revised. -- Zero. 


Value 
(thousands) 


$24,300 
49 


1,290 
4,520 
10,200 
40,300 


25,300 
292 


1,650 


7,370 
22,000 


2 56,500. 


TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF MAGNESIUM, BY COUNTRY' 


ни 


Waste and scrap 


Alloys, magnesium content 


| Jum TT 
Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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Powder, sheets, tubing, 
ribbons, wire, other forms, 
magnesium content _ 


En Metal 
Quantity Value Quantity Value ~ Quantity Value 

(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 
22 $112 687 $3,360 2 555 

4,970 22,600 133 649 122 1,530 
15,300 58,500 1,040 4,890 s 
333 918 Y 5 3 - 

25 210 683 2,660 6 323 

307 1,200 8 75 2 102 

5 32 703 10,600 26 1,300 

433 3,160 1,530 7,530 НИНЕ... 
21400 — 86,800 4790 2980 205 4,170 
30 117 835 2.840 306 1,530 

93 560 1.270 3,370 335 2,140 

15,800 73,200 2,510 13,200 Е ч 
875 3,520 ыз e - ч 

-- Ра 1,130 4,830 63 1,250 

618 1,820 - T - Yom 

- 29 807 11,400 40 

807 4,310 5,080 18,800 44 A. 

18,200 — 8350 11,600 $4000 2-15 EL. 
s YEARBOO 


TABLE 7 
WORLD ANNUAL PRIMARY MAGNESIUM 


PRODUCTION CAPACITY, DECEMBER 31, 2010! 


lcs (Metric tons) 
(шу | 
ME) ix Country Capacity 
һи Brazil 22,000 
I: China 1,080,000 
Ж India 900 
ü Israel 32,000 
| Kazakhstan 30,000 
и. Russia 80,000 
й Serbia 5,000 
ГЕ Ukraine 15,000 
5,752 United States 52,000 
к. Total 1,320,000 
m ‘Includes capacity at operating plants as well as at plants on 
"A standby basis. 
ie: 
g - 
В 
ТАВГЕ 8 
MAGNESIUM: ESTIMATED PRIMARY WORLD PRODUCTION, ВУ COUNTRY"? 
7 
Tu (Metric tons) 


| 

B Brazil 6,000 | 18,000 15,000 16,000 16,000 

Сапада 65,000 16,300 ? 2,000 ? = " 

| China 520,000 625,000 559,000 501,000 654,000 

‹ Israel 24,581 “ 29,618 * 32,051 ^ 19,405 " — 250090 

Kazakhstan 21,000 21,000 21,000 21,000 21,000 

Russia? 35,000 37,000 37,000 37,000 37,000 

Serbia 1,500 2,000 1,500 1,500 1,500 

Ukraine mM 2,200 2,500 2,000 2,000 2,000 

‘i United States _ W W W W W 

? Total 675,000 751,000 670,000 598,000 ' 757,000 
D 'Revised. W Withheld to avoid disclosing company proprietary data; not included in Total." — Zero. 


"World totals and estimated data are rounded to no more than three significant di gits; may not add to totals shown. 
?Table includes data available through July 13, 2011. 

"Includes secondary. 

*Reported figure. 
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MAGNESIUM COMPOUNDS 
By Deborah A. Kramer 


Domestic survey data and tables were prepared by Paula R. Neely, statistical assistant, and the world production table was 


prepared by Lisa D. Miller, international data coordinator. 


In 2010, a significant increase in domestic steel production 
led to increased production, imports for consumption, and 
consumption of dead-burned (refractory) magnesia in the United 
States. Dead-burned magnesia production nearly doubled, 
and imports for consumption increased by more than 100% 
to meet the increased demand for refractories from the steel 
industry. China continued to be the principal source of imports 
of dead-burned magnesia, accounting for 66% of the total. 

U.S. production, imports for consumption, and consumption of 
caustic-calcined magnesia also increased, but not as significantly 
as those of dead-burned magnesia. 

About 5696 of U.S. magnesium compounds production came 
from seawater and well and lake brines. The remainder was 
recovered from dolomite, magnesite, and olivine. With increased 
steel production, refractory applications represented about 5396 
of total U.S. consumption of magnesium compounds, which was 
a significant increase from 40% of the 2009 total. The remaining 
47% of total consumption was used in agricultural, chemical, 
environmental, and other applications. 


Legislation and Government Programs 


In August, the U.S. Department of Commerce, International 
Trade Administration (ITA) published its final determinations 
of its investigation of dumping of magnesia-carbon brick from 
China and Mexico into the United States. The ITA established a 
dumping margin of 128.10% ad valorem for 14 producing and 
(or) exporting companies in China and 236% ad valorem as the 
China-wide rate. For Mexico, the ITA determined a dumping 
margin of 57.90% ad valorem (U.S. Department of Commerce, 
International Trade Administration, 2010a, c). Because the ITA 
also found that subsidies existed for magnesia-carbon bricks 
exported from China, it established countervailing duties of 
24.24% ad valorem for most companies exporting from China, 
with one firm having a rate of 253.87% ad valorem (U.S. 
Department of Commerce, International Trade Administration, 
2010b). 0,5. magnesia-carbon brick manufacturer Resco 
Products Inc. had filed the ori ginal complaint in 2009. 


Production 


As the global economy began to recover, domestic production 
of all magnesium compounds increased. U.S. shipments of 
caustic-calcined Magnesia were 10% higher than those in 2009, 
and refractory magnesia shipments increased significantly 
In response to increased U.S. steel production (table 3). 
а hydroxide shipments increased by 3% from those in 

Data for magnesium compounds were collected by the U.S. 
Geological Survey (USGS) from one voluntary survey of U.S. 
operations. Of the 12 operations canvassed, 10 responded, 
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representing 99% of the magnesium compounds shipped 
and used, including data for some compounds that were not 
reportable in table 3. Data for the two nonrespondents were 
estimated on the basis of prior-year production levels. 

The largest capacity magnesite processing facilities in the 
world are in China and Russia. These countries accounted 
for about two-thirds of the world magnesia from magnesite 
production capacity. Japan, the Netherlands, and the United 
States accounted for about 56% of the world's magnesia 
production capacity from seawater or brines. Fused magnesia 
was produced in Australia, Brazil, China, Israel, Japan, the 
Republic of Korea, Mexico, Russia, the United Kingdom, and 
the United States. World production capacity for fused magnesia 
was estimated to be about 560,000 metric tons per year (t/yr), 
including about 372,000 t/yr of capacity in China (Schroeder, 
2006). Fused magnesia was produced by one company in the 
United States, UCM Group PLC of the United Kingdom, which 
operated a plant in Cherokee, AL, through its UCM Magnesia 
Inc. subsidiary. 

Norway traditionally has been the world's principal producer 
and supplier of olivine, but since 2004, when a new olivine mine 
was opened in Greenland, Norway's share of world production 
has dropped to about 30% from about 6694. Other producers 
include Australia, Austria, Brazil, China, Greece, Italy, Japan 
the Republic of Korea, Mexico, Spain, Taiwan, Turkey, and | 
the United States. Roberts (2008) estimated that total world 
production of olivine in 2008 was 8.4 million metric tons (Mt) 
although the total was likely smaller in 2010 because of mine | 
closures that resulted from the global economic downturn 
in 2008-09. Two companies in the United States produced 
olivine—Unimin Corp. and Olivine Corp. Unimin operated a 
apa 2. Carolina and processing plants іп Indiana and 

orth Carolina. Olivine operated one mj 
plant in Washington. қ E ЩЕ 

International Brucite Corp. (а subsidiary of Texas 
Architectural Aggregate, Inc.) (TAA) purchased the Marble 
Canyon, TX, deposit of brucitic marble from Applied Chem} 
Magnesias Corp., which had filed for bankrupt. in эы 10161 

На рісу in 2008. TAA 
had owned the deposit before Applied Chemical Magnesi 
formed in 1998 to exploit the deposit. According to TAA j ~ 
deposit contained 2.35 Mt of proven reserves, In N n 
International Brucite contacted Austi E 

| coni n Technology Incubator 
for assistance in starting its new business. Austin Technol 
Incubator is a nonprofit unit of the University of Texas fed | 
that provides support to its member companies to hel |: Austin 
transition from early-stage ventures to successful ee s 
businesses. International Brucite planned to market its и 
for water-treatment and industrial neutralization appli dns 
(Industrial Minerals, 2011). Ра ов 
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Some magnesia consumers and U.S. farmers filed class action 
lawsuits against Premier Magnesia LLC, credit agency YAS 
Inc., and Japanese firm Sumitomo Corp. alleging that these 
companies engaged in "price fixing" of magnesia-containing 
products that were manufactured or distributed after January 1, 
2004. The complaint stated that the three companies agreed to 
control the price of magnesia used in feed and fertilizers, and 
attorneys for the plaintiffs were asking for relief for indirect 
purchasers of the material. The lawsuit was originally filed in 
September by Orangeburg Milling Co. Inc. as a class action 
lawsuit, and other groups joined the lawsuit before yearend 


(O'Driscoll, 2011). 


Consumption 


In 2010, the environmental applications sector (water 
treatment and stack-gas scrubbing) was the largest tonnage 
end use for caustic-calcined magnesia, with 4776 of the total. 
The following categories (with the individual components in 
descending order of consumption in parentheses) were the 
other end-use sectors for caustic-calcined magnesia: agriculture 
(animal feed and fertilizers), 2896, and chemical intermediates, 
2394. The remaining categories each had less than 296 of the 
total use—manufacturing (rubber and electrical), construction 
(primarily oxychloride and oxysulfate cements), and medicines 
and cosmetics. 

Magnesium hydroxide was used for water treatment, asa 
chemical intermediate, in medicines and pharmaceuticals, and in 
fertilizer (in descending order of quantity). Magnesium sulfate 
was used mostly for chemicals, fertilizers, pulp and paper, 
harmaceuticals, and water treatment (in descending 
sium chloride was used mainly for ice 
de brines were used for road dust and 


rubber, p 
order of quantity). Magne 


control. Magnesium chlori 
ice control. 


Foreign Trade 


Dead-burned and fused magnesia exports in 2010 were 3% 
higher than those in 2009. Canada (5196) was the principal 
destination. Caustic-calcined magnesia exports were 45% [е5$ 
than those in 2009. Mexico (48%) was the main destination 
(table 4). | 

Imports of dead-burned and fused magnesia were 11396 
higher than those in 2009, reflecting an increase ІП steel 
production; data reported by the World Steel Association (2011) 
indicated that U.S. steel production had increased by nearly 
36% from 2009 to 2010. Imports of dead-burned and fused 
magnesia from China represented 6696 of the total. Imports of 
caustic-calcined magnesia were slightly higher than those in 
2009. China (4396) and Canada (24%) remained the principal 
sources (table 6). 

Trade data for olivine are not available separately from the 
U.S. Census Bureau. The Journal of Commerce Port Import 
Export Reporting Service (PIERS) provides data on material 
that travels by ship. According to PIERS, U.S. exports of olivine 
in 2010 were 19 metric tons (t) to Mexico. U.S. olivine imports 
were 19,800 t; 9896 came from Norway, and 2% came from 
China. Olivine was thought to be included in the Harmonized 
Tariff Schedule number for iron ore. 
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World Review 


European Union.—In November, the European Union (EU) 
began a 15-month review of imports of magnesia refractory 
bricks from China after an antidumping ruling expired in 
September. The antidumping duties, which were established in 
2005, ranged from 8.1% to 39.9%, applicable to the net free- 
at-Community-frontier price, depending upon the exporting 
company. The review request was made by the Magnesia Bricks 
Production Defence Coalition, which represented 25% of the 
EU's magnesia refractory brick manufacturers. The leading 
magnesia refractories manufacturer, Austria-based RHI AG, 
which was not a member of the coalition, did not support the 
duties. RHI had recently installed a new kiln at its subsidiary in 
Dalian, China (Industrial Minerals, 20102). 

Australia.—Queensland Magnesia Pty. Ltd. returned to 
full production capacity in June after running at about 25% 
of capacity since the beginning of 2009. The company also 
completed an expansion that increased its capacity by about 
50% to bring the total to 175,000 t/yr of caustic-calcined 
magnesia, 135,000 t/yr of dead-burned magnesia, and 35,000 
t/yr of fused magnesia (O'Driscoll, 2010g). 

Beacon Hill Resources Plc received State government 
approval to develop its magnesite deposits in the Lyons River 
and Arthur River areas of northwestern Tasmania and, in 
the fourth quarter, began drilling to delineate the magnesite 
resource. As part of a 2011 work plan, the company planned to 
start additional drilling in the first quarter to develop a better 
understanding of the ore body and to produce additional core 
samples for metallurgical testing (Beacon Hill Resources Plc, 
2010). 

Brazil.—tIn August, Magnesita Refratários S.A. announced 
that it would increase production of dead-burned magnesia 

at its Contagem, Minas Gerais, plant by 2013. The expansion 
originally was announced in 2008, but because of the global 
economic downturn, it had not been initiated. Magnesita 
planned to increase capacity by 120,000 t/yr in two 60,000-0уг 
increments. The first phase was estimated to cost $68.5 million 
and would involve installation of two furnaces and peripheral 
equipment (O'Driscoll, 2010b). | 

China.—China set its export quota for magnesia at 1.23 Mt 
for 2011. This was 8% lower than the 1.33 Mt quota in 2010 
(O'Driscoll and Roberts, 2010). | 

India's Tata Refractories Ltd. announced that 1t would. 
expand the production capacity at its TRL China magnesia 


refractories plant in Bayuquan to 90,000 He n api 
- be completed by УУ 
The expansion was scheduled to be comp nd the bulk оре 


China sold about 10% of its output locally. "ed to countries i 
А duced there was exporte i 
refractory material produce India. TRL China is owned 


Europe and Southeast Asia and to | га 
92% by Tata Refractories and 8% by Chinese firms (Indus 


Minerals, 2010b). 000-UyT 


- to complete а 105,003. 
па үе \ Tibet Autonomous p бу 
0-tyT 


caustic-calcined magnesia plant 11 1250.000- 
May 2011 and had plans to complete a secon Де WM 
plant by 2012. The first plant was being constru Sin 
fine-grained magnesite from the comp 

in Kamaduo, which opened in 2007. The Зи 
magnesia would be trucked and railed more їп 
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kilometers to Huayin’s Haicheng, Liaoning Province, facility, 
ber, be Eng: where it would be used as feedstock for fused magnesia and 
pit о, Magnesia-spinel refractories production (O’ Driscoll, 2010f). 
шлу Denmark (Greenland).—In February, Minelco A/S 
ties, Ийи [a subsidiary of Swedish iron ore producer Luossavaara- 
Ху Kiirunavaara AB (LKAB)] announced that it was closing 
йш; its 5691 olivine mine in Seqinnersuusaaq, Greenland, by 
maby yearend. The 2-Mt/yr capacity mine, which had opened in 
hich тук 2005, was the second leading mine in terms of production 
шшш} Capacity and represented nearly 25% of the global olivine 
x igi; Production capacity, with most of the rest in Norway. Minelco 
uon Нар cited unfavorable market conditions and low olivine prices as 
the reason for the closure (Roberts, 20102). In June, LKAB 
3h announced that it had signed a long-term contract with Norway's 
н ТЕ North Cape Minerals A/S to supply the company's olivine | 
m requirements. North Cape had been the LKAB’s olivine supplier 
"Ри until LKAB opened the Greenland mine (Roberts, 20106). 
ian India.—A new joint venture between National Mineral 
." Development Co. Ltd. (74%) and J&K Minerals Ltd. (26%) 
їшї planned to develop the Panthal magnesite deposit and build a 
36,500-t/yr dead-burned magnesia plant at the site by August 
2012. The deposit reportedly was estimated to contain 4.05 Mt 
~= of magnesite. The project was originally proposed іп 1992, but 
vit | because of the availability of low-cost imports of dead-burned 
Ls magnesia from China, the deposit was not developed. The 
litt? recent decline in availability of high-quality dead-burned 
bea magnesia from China prompted renewed interest in the deposit 
ини" (O'Driscoll, 20104). 
ШШЕ — Sloyakig, Russian firm Magnezit Group, which owned 
wills Slovmag a s. Lubeník, one of Slovakia's two magnesite 
producers, planned to increase magnesia-based refractory brick 
ins“! production at the Lubenik plant. Slovmag had the capacity to 
iii? produce 150,000 t/yr of magnesia-based bricks, and production 
yn was scheduled to increase by 25,000 t/yr of magnesia-carbon 
usi: bricks, 15,000 t/yr of magnesia-chrome bricks, 10,000 t/yr of 
ШӘ magnesia-spinel bricks, and 5,000 t/yr of magnesia bricks. The 
ү expansion was expected to be completed in 2011 (O’Driscoll, 
pl” 20106). 
в’ —Spain.—Magnesitas Navarras S.A., Spain's leading magnesite 
| producer, planned to open two new magnesite mines, which 
ys! would extend the company's reserves by 30 years. The Borobia 
ye and Zilbeti Mines were scheduled to open in the first quarter 
of 2011 to replace the company's Azkarate Mine complex, 
yi) which had reserves that were estimated to last only 6 to 7 years 
м2 beyond 2010 at an extraction rate of 440,000 t/yr. The Borobia 
Чч Mine reportedly had magnesite reserves of 50 Mt that would 
W yield a finished product containing 88% MgO, and the Zilbeti 
№№ Mine had 7 Mt of magnesite reserves that would yield a product 
jw’ Containing greater than 65% MgO, with a low silica content. 
ý The company initially planned to extract 6 Mt from Borobia and 
ø 1Mt from Zilbeti. Production from the new mines was expected 
| to be 180,000 t/yr each (O’Driscoll, 2010е). 
і! Turkey, —Trabzon Mining and Metal Corp., which had 
у Xpected to have а 100,000- ут dead-burned magnesia plant 
j^ Onstream in Askale by the beginning of 2010, began producing 
ў 181 quantities at the end of 2010. The company expected to have 
ў Commercial production available at the beginning of 2011 and 
J planned to mine 280,000 t/yr of magnesite from eight open pit 
J Mines in the Erzurum and Erzincan regions. Trabzon Mining 
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estimated that it owned 4.2 Mt of magnesite reserves in the open 
pit mining areas (O'Driscoll, 20105). 

In May, Kümag Kütahya Manyezit İşletmeleri A.Ş. began 
production from a new 6,500-t/yr fused magnesia furnace, 
which doubled the company's fused magnesia production 
capacity. The company also planned to build a 25,000-t/yr 
dead-burned magnesia shaft kiln, which was expected to come 
onstream by early 2011. The expansions were in anticipation of 
reduced magnesia supplies from China (O'Driscoll, 20102). 


Outlook 


According to the World Steel Association (2011), world 

crude steel output was 1.41 billion metric tons in 2010, a 

1596 increase from that in 2009 and a new world record for 
steel production. Production in the United States increased by 
nearly 36% compared with the low production level in 2009, 
indicating an improvement in the U.S. economy. Of the top 

10 steel-producing countries, the largest percentage increase 

in production was in the United States. China continued to be 
the leading steel-producing nation, accounting for 4494 of the 
global total in 2010, which was a 9.3% increase from production 
in 2009. A sustained increase in steel production in China 

could lead to more internal consumption of magnesia-based 
refractories, which could result in less magnesia available for 
the export market. China, however, has significant magnesite 
resources, particularly in Liaoning Province, and could continue 
to develop the magnesite deposits to satisfy domestic and export 
markets. 

Because caustic-calcined magnesia is used in a wide 

variety of applications, the economic downturn did not affect 
consumption as significantly as consumption of refractory 
magnesia, which was directly tied to the performance of the 
U.S. steel industry. Increased use in water treatment (along with 
magnesium hydroxide) was expected to be the principal growth 
area for caustic-calcined magnesia. 
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SALIENT MAGNESIUM COMPOUND STATISTICS! 


(Thousand metric tons and thousand dollars) 


MH E MM 2006 2007 2008 2009 2010 
 Caustic-calcined and specified magnesias:" 
M s 
Ж eem наи КӨШЕ = 125 170 147 162 
маме 0000 — 6030 — 4,00 5270 _ 42200 47000. 
Е Exports' | 4 | NE ЛЕРНИ 29 
С Imports | for consumption’ _ oo 222134 040014600010 
Refractory magnesia: __________ 
___Shipped by producers: — | | | || " 
Quantity e W W W ү 
"Value и м _ MUN ЗИ HEU 
| Exports __ 22 ___ 2 __85 -- 
— Imports for consumption 5 437 386 151 _ РА 
World, production of magnesite MEE! 20,300" 21,500". 2 1820000 19900. 
"Estimated. 'Revised. W Withheld to avoid disclosing company proprietary data. 
'Data are rounded to no more than three significant digits. 
?Excludes caustic-calcined magnesia used in the production of refractory magnesia. 
Includes magnesia used by producers. 
Caustic-calcined magnesia only. 
‘Less than % unit. 
006-20 
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| | 
и TABLE 2 
Мое Сие U.S. MAGNESIUM COMPOUND PRODUCERS, BY RAW MATERIAL SOURCE, LOCATION, AND PRODUCTION CAPACITY, IN 2010! 
it Sus (Metric tons, MgO equivalent) 
hse los Raw materiel оше and producing company -Poan араа с „ы ШЕ ЖҮ: ышы кеннен 
"m Magnesite, Premier Magnesia LLC — Саму —— ^"— 140,000 — Caustic-calcined magnesia. 
Lake brines: 
Great Salt Lake Minerals Corp. Ogden, UT 185,000 Magnesium chloride and magnesium chloride brines. 
Intrepid Wendover-Potash LLC Wendover, UT 45,000 Magnesium chloride brines. 
Well brines, Martin Marietta Magnesia Manistee, MI 314,000 Caustic-calcined magnesia, dead-burned magnesia, and 
Specialties LLC? magnesium hydroxide. 
nd Во Seawater: и 
Premier Magnesia LLC Port St. Joe, FL 107,000 — Caustic-calcined magnesia and magnesium hydroxide. 
Sa; South Bay Salt Works Chula Vista, CA 3,000 Magnesium chloride brines. 
SPI Pharma Inc. Lewes, DE 5,000 Magnesium hydroxide. 
"C a 
Data are rounded to no more than three significant digits; may not add to total shown. 
АЕ ?In additigi to its Michigan plant, Martin Marietta owned a 15,000-metric-ton-per-year-capacity magnesium hydroxide plant in Lenoir City, TN, 
| which used imported magnesite as a raw material. 
ШЕ 
ТАВГЕ 3 
U.S. MAGNESIUM COMPOUNDS SHIPPED AND USED! 
OEE IL Жи Bg oO 
Quantity Value _ Quantity | Value — 
(metric tons) — (thousands) (metric tons) (thousands) 
Caustic-calcined and specified (USP and technical) magnesias? 147,000 $42,200 162,000 $47,000 
Magnesium hydroxide [100% Mg(OH);] . . . 166000: 104,000 171 ,000 107,000 
Magnesium sulfate, anhydrous and hydrous 40,100 11,600 ' 47400 20600 
В Refractory magnesia W W W W 
il 'Revised. W Withheld to avoid disclosing company proprietary data. 
Data are rounded to no more than three significant digits. 
"Excludes material produced as an intermediate step in the manufacture of other magnesium compounds. 
М 
|! 
| MAGNESIUM COMPOUNDS—2010 


REN : 


46.5 


46.6 


TABLE 4 


U.S. EXPORTS OF CRUDE AND PROCESSED MAGNESITE, BY COUNTRY’! 


2009 2010 
Quantity Value Quantity Value 
Material and country (metric tons) (thousands) (metric tons) (thousands) 
Caustic-calcined magnesia: 
China 81 $41 94 $57 
India -- -- 27 21 
Mexico 57 29 134 76 
Thailand 351 178 -- -- 
Other 14 48 23 11 
Total 503 296 278 165 
Dead-burned and fused magnesia: 
Canada 5,580 3,420 4,380 2,780 
China 697 517 88 127 
Germany 120 113 540 502 
Hong Kong 140 114 59 75 
India 226 214 65 59 
Mexico 435 429 217 380 
South Africa 30 18 839 461 
Taiwan 40 36 155 169 
United Kingdom 57 62 150 249 
Venezuela 124 144 1,020 592 
Other 940 ' 891 ' 1,140 1,150 
____ Тога] 8,390 5,950 8,650 6,550 
Other magnesia: | 
Brazil 858 959 1,420 1,520 
Canada 2,600 2,510 2,730 3,000 
France 1,170 1,050 1,580 1,450 
Germany 798 634 934 903 
India 275 275 576 544 
Korea, Republic of 1,770 1,420 767 685 
Mexico 1,100 1,360 590 1,040 
Netherlands 684 563 2,610 2,040 
Таға | 1.280 1,230 1,950 1,650 
Other 2,130 € 3,530 ' 4,910 7,450 
Total 12,700 13,500 18,100 20,300 
Crude magnesite: 
Argentina 43 6 382 50 
_ Canada 3,020 499 2,340 414 
China 205 28 2 26 
Egypt 153 20 736 97 
France 2,8 10 370 on € 
Germany 651 85 792 104 
Italy 760 84 614 80 
Netherlands 945 124 461 60 
Saudi Arabia 497 65 963 126 
Sweden E 2 536 105 
United Kingdom 679 89 337 44 
ааа шг 707 ' 108" 1,760 234 
ош 10,500 1.480 8,920 1,310 


"Revised. -- Zero. 


In, 
Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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TABLE 5 
U.S. EXPORTS OF MAGNESIUM COMPOUNDS! 


2009 2010 


Quantity Value Quantity Value 
Material (metric tons) (thousands) (metric tons) (thousands) Principal destinations in 2010 
Magnesium chloride, anhydrous and other 7,780 $5,480 8,030 $6,260 Canada, 84%; Italy, 8%. 
Magnesium hydroxide and peroxide 19,100 17,500 16,700 13,800 Canada, 66%; Mexico, 8%. 
Magnesium sulfate, natural kieserite and epsom salts 207 311 255 265 Saudi Arabia, 56%; Mexico, 16%; Canada, 12%. 
Magnesium sulfate, other 10,600 5,000 9,920 4,810 Canada, 94%; Mexico, 495. 
"Раја are rounded to no more than three significant digits. 


Source: U.S. Census Bureau. 
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TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF CRUDE AND PROCESSED MAGNESITE, BY COUNTRY’ 


а а аза ИЕККЕ КЕРИ a ЕС, 


2009 2010 

Quantity Value Quantity Value 
Material and country (metric tons) (thousands) (metric tons) (thousands) 
Caustic-calcined magnesia: ee 

Australia 5,070 $1,490 14,900 $4,130 

Brazil 15,400 3,770 11,800 3,270 

Canada 26,300 11,000 30,400 13,100 

China 79,000 21,300 55,000 14,000 

Hong Kong -- - 7,930 2,530 

Spain -- -- 3,800 1,220 

Тигкеу - - 2,110 1,290 

United Kingdom mu 136 140 168 179 

Other 25° 27° 1,280 588 

Total 126,000 37,700 127,000 40,300 
Dead-burned and fused magnesia: 

Australia 650 250 42,300 17,600 

Austria БЕ 21,200 12,300 2,920 1,250 

Brazil 22.200 7,690 26,600 8,100 

China 96,900 34,200 213,000 99,000 

Germany 14 38 3,110 2,630 

Greece. 101 44 6,760 2,580 
EC MM 3,530 10,500 4,140 11,900 

Japan 2,380 5.060 2,210 4,900 
~ Mexico | 1,160 690 6,710 3,750 

Russia 60 12 10,800 3,970 
EC. а БЕ 2,000 644 3,950 1,290 

Other | 1,080 ' 776 ' 645 3,960 
Ет. eee 151,000 72,200 323,000 161,000 
Other magnesia: 

Brazil —— 179 272 646 3,310 
“Canada 552 326 564 328 
Eo Е 467 760 427 499 
“е. 374 802 558 1,310 
p ^ а 569 1,430 1,000 2,570 

Mexico 5.160 3,650 4,090 3,450 

Slovakia : 1,070 370 1,670 549 
Я 7 MM 119 63 2,740 1,310 
~ Other 242 ' 1,080 " 265 1,220 
^ Total | mE 8,740 8,750 ~ 12,000 14,500 
Б... MP 209 221 516 414 

China "ni 3,330 472 9.980 2,130 
да o NENNEN | 208 184 240 219 
7 Hong Kong 2222. - m 8,400 2,550 
ЕТТЕН 1,690 1,580 1,540 1,380 
“Japan 472 1,130 254 482 
7 United Kingdom 176 186 1,130 1,010 
р ЕН 184 59 30 2% 

6,270 3,830 22400 | 8420 


REC EMEN 
Revised. -- Zero. | 


ага are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF MAGNESIUM COMPOUNDS! 
колу ышт Ес: к TCI ы вене 
2009 2010 
Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) 


Principal sources in 2010 


Magnesium chloride, anhydrous and other 88,000 $21,500 87,900 $24,100 Israel, 7396; Netherlands, 2496. 
Magnesium hydroxide and peroxide 2,930 6,440 5,500 13,900 Israel, 2896; Austria, 22%; Mexico, 1596. 
Magnesium sulfate, natural epsom salts 1,740 378 3,340 780 China, 72%; India, 26%. 

Magnesium sulfate, natural kieserite 25,800 574 5,900 134 Germany, 100%. 

Magnesium sulfate, other 15,000 9,660 19,000 10,100 China, 44%; Germany, 36%. 


!Data are rounded to no more than three significant digits. 


Source: U.S. Census Bureau. 


TABLE 8 
WORLD MAGNESIUM COMPOUNDS ANNUAL PRODUCTION CAPACITY, 


DECEMBER 31, 2010"? 
(Thousand metric tons, MgO equivalent) 


Raw material 
Magnesite Seawater or brines 
Caustic- Dead- Caustic- Dead- 
Country calcined burned calcined burned Total 


Australia 218 110 n = 328 
Austria 76 325 -- -- 401 
Brazil 96 320 12 o 428 
Canada Ш 100 5 Р > 100 
China 1,440 2,740 -- -- 4,180 
Егапсе ЕЕ -- -- 30 - 30 
Greece 200 100 -- - 300 
India 20 202 -- - 222 
Iran 25 40 -- -- 65 
Ireland -- = -- 90 90 
Israel -- -- 10 60 70 
Italy 25 - -- -- 25 
Japan -- -- 50 70 120 
Јогдап -- E 10 50 60 
Korea, North 25 100 ~- -- 125 
Korea, Republic of -- -- -- 40 40 
Mexico -- -- 15 95 110 
Netherlands ME = - 10 165 175 
Norway -- -- 30 -- 30 
Poland -- 10 -- -- 10 
Russia 2 150 2,400 -- -- 2,550 
Serbia И -- 40 -- да 40 
Slovakia -- 465 -- -- 465 
South Africa 12 -- -- -- 12 
Spain 150 70 = 25 220 
Turkey 33 404 -- -- 437 
Ukraine -- 120 20 80 220 
United States 140 -- 191 195 526 

Total . 2/10 740 зз _ 845 11400 
-- Zero. 


l . . . е 

Data are rounded to no more than three significant digits; may not add to totals Shown. 
2 М . 

Includes capacity at operating plants, as well as at plants on standby basis. 
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TABLE 9 


MAGNESITE: WORLD PRODUCTION, BY COUNTRY"? 


Country 
Australia 
Austria, crude 
Brazil, beneficiated 
Canada*? 
China" 
Colombia" 


Greece, crude 
Guatemala 
India‘ 

Iran 

Korea, North* 
Pakistan 


PARISAN, ОБН шз ui iei кен 
Poland, concentrate 


Russia* 
ре сысы шы eu 
Serbia, crude” 

Slovakia, concentrate 


South Africa 


Spain 
Turkey, run-of-mine 
United States 


Zimbabwe 
Total 


*Estimated. 
! World totals, U.S. data, 


?Figures represent crude salable magnesite. In à 


reported quantitatively, 
includes data available through May 11, 2011. 


3Мавпез с dolomite and brucite. 


‘Reported figure. 


(Metric tons) 

2006 2007 
446,000 447,000 
769,188 811,556 
382,718 399,314 
140,000 ' 140,000 ' 

6,700,000 14,000,000 ' 
40,000 42,000 
463,277 351,414 

1,084 7,612 
370,000 360,000 
110,000 112,229 "4 

60,000 ' 55,000 ' 
1,884 2,370 ' 
62,500 65,000 
1,200,000 1,200,000 
20,000 20,000 
941,000 957,000 
73,300 80,700 
539,239 461,901 

2,088,033 802,406 ' 
W W 

939 1,814! 


14,400,000 * — 20,300,000 " 


2008 2009 2010° 
126,000 344,000 ' 300,000 
837,476 544,716 ' 700,000 
421,333 ° 400,000 400,000 ? 
140,000 ' 140,000 ' 150,000 

15,600,000 13,000,000" — 14,000,000 
38,000 x = 
361,165 250,234 ' 300,000 
11,758 17,247 * 17,500 
350,000 340,000 330,000 
115,987 ^^ 115,000 * 115,000 
150,000 ' 150,000 ' 150,000 
1.600 * 2,000" 1,800 
60,000 ^* 47,000 ' 50,000 
1,200,000 1,000,000 1,200,000 
20,000 20,000 20,000 
807,000 478,000 ' 650,100 * 
83,900 75,000 “< 80,000 
460,000 * 460,000 460,000 
677,784 ' 861,180" 1,000,000 
W W W 
2,549 ' 449 ' 500 
21,500,000 * 18,200,000" 19,900,000 


Preliminary. "Revised. W Withheld to avoid disclosing company proprietary data; not included in "Total." - Zero. 
and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


ddition to the countries listed, Bulgaria produced magnesite, but output is not 
and available information is inadequate for formation of reliable estimates of output levels. Table 
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MANGANESE 
By Lisa A. Corathers 


Domestic survey data and tables were prepared by Connie Lopez, statistical assistant, and the world production tables were 


~ 


Л . ; ; 
— — prepared by Glenn J. Wallace, international data coordinator. 


a In 2010, U.S. manganese apparent consumption was estimated 
| iis to be 758,000 metric tons (t), a 6896 increase from the revised 
- amount of 451,000 t in 2009 (table 1). Increases in imports of 
ШШ ^ manganese dioxide, manganese ferroalloys, manganese metal, 
` апі manganese ore, as well as a slight increase in high-carbon 
ЖШ. ferromanganese shipments from the U.S. Government's National 
ІМ Defense Stockpile (NDS), accounted for the rise in apparent 
ЖШ consumption. = 
I Manganese exports decreased by 21% to 37,300 t compared 
iy with those of 2009, based on the typical manganese contents 
of the materials as calculated in table 4. Manganese imports 
increased by 93% on a content basis to 758,000 t compared with 
those of 2009, based on U.S. Census data for manganese ore, 
"ferromanganese, and silicomanganese, and the stochiometric 
ratios for manganese dioxide and manganese metal. 
In 2010, the annual average domestic price of ore increased 
ii Бу 15% from that in 2009 (revised). The annual average 
it! international benchmark price of metallurgical-grade ore 
Wi! increased by 11%, based on quarterly contract prices between 
' Australian producers and Japanese consumers in 2010. 
# — Average U.S. spot-market prices for high- and medium-carbon 
0 ferromanganese and silicomanganese increased from those 
в 112009 by 16%, 28%, and 27%, respectively (table 1). The 
jy, average spot market price for manganese metal increased by 
16% from that in 2009. 
| Only high-carbon ferromanganese remained in NDS physical 
Inventory at yearend 2010. Sales of manganese materials 
from the NDS in 2010 reduced the Government's inventory of 
manganese by 996 (content basis), leaving an inventory that 
was 20% more than the amount of high-carbon ferromanganese 
reported consumed on a contained-weight basis in 2010. 
World production of manganese ore in 2010 increased by 
26% on a gross-weight basis and by 31% on a contained- 
weight basis, compared with that in 2009. China was the 
leading producer of manganese ore (table 8). Combined world 
Production of ferromanganese and silicomanganese increased 
by 16% to 15.2 million metric tons (Mt) on a gross-weight basis 
compared With the revised amount in 2009 (table 9). China was 
the leading producer of these manganese ferroalloys. 
Manganese is essential to iron and steel production by 
Virtue of its sulfur-fixing, deoxidizing, and alloying properties. 
Steelmaking, including its ironmaking component, accounted 
for most of the reported domestic manganese consumption, 
currently in the range of 77% to 90% of U.S. apparent 
Consumption. Among a variety of other uses, manganese is a key 
component of certain widely used aluminum alloys and is used 
in oxide form in dry cell batteries. 
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Legislation and Government Programs 


Air Quality, Emissions Limits. —The U.S. Environmental 
Protection Agency (EPA) issued final national emission 
standards for hazardous air pollutants (HAPs) for prepared 
animal feeds (except cat and dog) manufacturing in which 
manganese compounds are added to products. The emission 
standards involve various housekeeping, monitoring, and 
recordkeeping requirements for the storage, use, and handling of 
manganese materials, including the use of dust control devices 
at bulk loading areas and in pelletizing operations 
(0.5. Environmental Protection Agency, 2010c, р. 546-550). 

Air Quality, Public Health Study.—The EPA conducted 
air sampling from August 17, 2009, through November 15, 
2009, at three schools in Ohio and West Virginia to determine 
potential health impacts from air emissions around Eramet 
Marietta, Inc.’s manganese ferroalloy facility. Elevated levels of 
manganese were detected at each school, although they posed no 
immediate health threat. The EPA planned to conduct additional 
air monitoring in the summer of 2011 to determine whether 
there were long-term health concerns. Eramet Marietta indicated 
that it would replace the emission control device on one of their 
furnaces to reduce particulate matter emissions, which would 
result in reduced airborne manganese (U.S. Environmental 
Protection Agency, 20106, f). 

Toxic Substances Control Act, Significant New Use Rules 
(SNUR).—In September, the EPA issued a direct final rule that 
required 90-day premanufacture notices (PMNs) for several 
manganese materials, including cobalt-lithium-manganese-nickel 
oxide used as battery cathode material, styrenyl-surface-treated 
manganese ferrite used to manufacture polymerized pigments 
and styrenyl-surface-treated manganese ferrite with acrylic ester 
polymer used to manufacture electronic inks. In addition to 
manufacturing, the PMNs also apply to importers and processor 
of these materials. The PMNs would allow the EPA to evaluat 
the intended use and, if necessary, prohibit or limit that activi : 
before it took place. On November 18, the EPA withdrew B z 
SNUR for cobalt-lithium-manganese-nickel oxide and à 
new one (U.S. Environmental Protection Agency. 20108 d e i 
р. 57172, 57177). мы 

Toxicological Profile for Manganese, — 

Toxic Substances and Disease ыан e us d i 
of Health and Human Services retained the chronic ‚н 
inhalation minimal risk level of 0.04 microgram из iens 
per cubic meter as it continued to update the toxi 2 
profile for manganese that was last published i еа 
(Agency for Toxic Substances and Di | 2. 

Isease Registry, 2010). 


Stockpile.—The Annual Materials Plan (AMP) for fiscal 
year 2010 that the Defense Logistics Agency, DLA Strategic 
Materials (formerly Defense National Stockpile Center) issued 
on October 1, 2009, covered the period from October 1, 2009, 
through September 30, 2010. Under this AMP, the maximum 
disposal authority for manganese materials was 90,718 t each 
for metallurgical-grade ore and high-carbon ferromanganese 
(Defense National Stockpile Center, 2009). The maximum 
disposal authority under an AMP is the maximum quantity 
of material that may be disposed in a given fiscal year as 
authorized by Congress; these may differ from the disposal 
authority quantities listed in table 2. 

For calendar year 2010, the DLA disposed of (sold) 34,473 t of 
high-carbon ferromanganese. Only high-carbon ferromanganese 
remained in the NDS physical inventory at yearend (368,000 t, 
gross weight). The estimated manganese content of this material 
was 276,000 t, which was about 9% less than the amount 
contained at yearend 2009. Sales of ferromanganese were 
curtailed to hold a goal quantity equivalent to 1 year’s AMP 
(U.S. Department of Defense, 2011, p. 8). 


Exploration and Development 


American Manganese Inc. (formerly Rocher Deboule 
Minerals Corp.) (White Rock, British Columbia, Canada) 
completed a new National Instrument (NI) 43-10 І resource 
study estimate of its Artillery Peak manganese project (Mohave 
County, AZ). Indicated resources were 92.8 Mt at an average 
grade of 3.27% manganese (above a 0.90% manganese cutoff 
grade) and 80.7 Mt at an average grade of 3.55% (above a 
1.30% manganese cutoff grade). Inferred resources were 
107.2 Mt at an average grade of 3.76% (above a 0.90% 
manganese cutoff grade) and 84.1 Mt at an average grade of 
4.13% (above а 1.30% manganese cutoff grade). These WEE 
substantially higher than 10.9 Mt at an average grade of 4.46%, 
and inferred resources were 96.9 Mt at an average grade of 
4.52% assessed in 2009. A processing rate of 3,500 metric tons 
per day was expected to yield about 49,000 metric tons per 
year (t/yr) of electrolytic manganese metal based on ub [o 
containing 4.5% manganese and having an overall Ae rate of 
recovery. The metal would be produced using a patent-pending | 
sulfurous acid-leach process followed by conventional electrolysis. 
No roasting ог calcining of 52 Am Е would be required 

j anese, Inc, a, О). | 

germ e Corp. (Vancouver, British Columbia, Canada) 
completed an updated preliminary economic assessment of 
its Hardshell silver-manganese-copper-zinc-lead an ag 
known as the Hermosa project) in Santa Cruz County, AZ. | е 
company planned to initially mine the area via open Du р 
underground operations starting 4 years after startup. | ES 
manganese resources were 410,000 t at an average grade o 
6.8396 manganese and inferred manganese ош were 
3.4 Mt at an average grade of 7.44% manganese. 227 
plant would use a sulfuric acid leach process followe ] by А 

recipitation, zinc solvent extraction-electrowinning, an 
— and silver recovery circults. An average of 233,000 t/yr 
- carbonate Was expected to be produced for 18 years 


(Wildcat Silver Corp., 2010a, b). 
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Production 


Ore and Concentrate.—The only mine production of 
manganese in the United States consisted of small amounts of 
manganiferous material having a manganese content of less than 
596. This material was produced in South Carolina for use in 
coloring brick. 

Chemicals, Ferroalloys, and Metal.—Production statistics 
for these materials were withheld to avoid disclosing company 
proprietary data. Domestic producers of manganese ferroalloys, 
metal, and synthetic dioxide are listed in table 3. 

Several events affected production of refined ferromanganese 
and silicomanganese in the United States in 2010. At its Marietta 
OH, ferroalloys plant, Eramet Marietta declared force majeure 
for silicomanganese from March through September after 
its No. 18 refined ferromanganese furnace was damaged and 
taken offline when a buildup of pressure blew material off its 
top. The company switched silicomanganese production in its 
No. 1 furnace to high-carbon ferromanganese for refining into 
medium- and low-carbon ferromanganese. In June, refurbishment 
of the No. 12 high-carbon furnace that started in 2009 was 
completed. By yearend, the No. 12 furnace was again producing 
ferromanganese and the No. | furnace, silicomanganese 
(Metal-Pages, 2010e; Platts Metals Week, 2010). However, 
Felman Production Inc. was able to produce silicomanganes¢ 
steadily throughout the year. On March 2, Eramet Marietta 
reached a 3-year labor agreement with unionized workers. It was 
the first new contract at the company since a 5-month lockout 
ended in early 2007 (Metal-Pages, 2010с). 


Consumption, Uses, and Stocks 


[п 2010, U.S. manganese apparent consumption was estimated 
to be 758,000 t (table 1). Metallurgical applications account for 
most domestic manganese consumption, 77% to 90% of which 
has been for steelmaking. Reported consumption (gross weight) 
of ferromanganese, manganese metal, and silicomanganese 
increased by 2196, 1096, and 496, respectively, from that in 200 
(table 4). Because of incomplete reporting to the U.S. Geological 
Survey (USGS) voluntary consumption survey, the figures in this 
table represent relative rather than absolute quantities. 

Based on the apparent consumption of ferromanganese, | 
manganese metal, and silicomanganese, on a gross-weight basis, 
manganese alloy unit consumption in steelmaking was about 
7.5 kilograms per metric ton (kg/t) or about 1.91 times the 
reported consumption in 2010. This level was 60% more 
than the revised quantity of 4.7 kg/t estimated for 2009 
and was predominantly a result of significant increases ІП 
ferromanganese and silicomanganese appar 
The increase in the apparent consumption of these ferro 
was attributable to significant increases in imports. 

Relatively small quantities of manganese were used for т 
alloying with nonferrous metals, chiefly in the aluminum | 
as manganese-aluminum briquettes that typically UT ур 
either 75% or 85% manganese. Manganese plays an про 
alloying role in aluminum to increase corrosion v ae 
most important use of aluminum-manganese alloys 15 Ш 
manufacture of beverage cans. Other uses 1 


ent consumption. 
alloys 


include, but are nol 
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limited to, aircraft, automobiles, cookware, radiators, and roofing 
T (Roskill Information Services Ltd., 2008, p. 195, 200). 
ТТТ Comparatively small amounts of manganese were used 
= domestically in animal feed, brick coloring, dry cell batteries, 
ni faba fertilizers, and manganese chemicals. These were among the many 
- nonmetallurgical applications of manganese (Roskill Information 
. Services Ltd., 2008, p. 206—229). The source of manganese units 
[ina for these applications was mainly manganese ore. 
тїйїн; In 2010, reported domestic consumption of manganese оге 
d ШШ increased by 1196 to 468,000 t, while corresponding yearend 
nt stocks decreased by 22% to 89,100 t, compared with the 
(тїшї: amounts in 2009 (table 1). Apparent consumption of manganese 
50 ore опа gross-weight basis in 2010 was about 501,000 t, which 
шї excluded any manganese ore consumed directly by ironmaking 
шін and steelmaking plants. The USGS excludes reporting by these 
Ke тін operations to avoid disclosing company proprietary information. 
dai The discrepancy between apparent and reported consumption 
ISI represented incomplete reporting to the USGS voluntary 
ivi consumption survey. 
x les Data on domestic consumption of manganese ore, exclusive 
iti of that consumed by the steel industry, are collected by means of 
гш) the “Manganese Ore and Products" survey. In 2010, eight firms 
ии were canvassed that process ore or had processed ore in the past 
his by such methods as grinding and roasting, or that consume it in 
sit? the manufacture of dry cell batteries and manganese chemicals, 
Рай! ferroalloys, and metals. Of those eight companies, all consumed 
ішін manganese ore in their processes in 2010. The collective 
jac} Consumption of these firms was considered to constitute all the 
manganese ore consumption in the United States, exclusive of 
that consumed by the steel industry. Full-year responses or a 
basis upon which to estimate the data were obtained from all of 
" these firms for 2010. 


е2 Prices 
ТШ 
ШЫ There were significant increases in annual average manganese 
іш? material prices in 2010 from those in 2009 because of improved 
је global economic conditions. 
pi Manganese Ore. —The USGS estimated the annual U.S. 
„bë average contract price of metallurgical-grade ore containing 

ф 46% to 48% manganese was $9.18 per metric ton unit (mtu). 
wt This was a 15% increase compared with that in 2009, which 
| followed the 11% increase in the annual average international 

уб benchmark price for this grade of ore, as calculated from 

1% quarterly contract prices set between J apanese consumers 
Г. and Australian producers (Australian Bureau of Agricultural 

Т! and Resource Economics and Sciences, 2011, p. 28). The 

уб метанола! benchmark price for the first time reflected cost, 

С insurance, and freight rather than the historical free-on-board 

ый (f.0.b.) charges (TEX Report, The, 2010). The 2010 average 

6 spot market price for this grade of ore based on weekly averages 
d ч Chinese cost and freight (CNF) transaction prices as reported 
2 9) Куап 5 Notes was $7.23 per mtu. The range іп CNF spot 

у in prices per mtu peaked in May at $8.50 to $8.90 and then 
/ i: ed downwards to finish the year at $6.50 to $6.80 per mtu 
$ 2 г. of Increased world mine capacity and high manganese 
e nventories at Chinese ports, which were reported to be more 
y "an 2.5 Mt (Metal-Pages, 20102). The price of 1 metric ton of 
. 01е (gross weight) is obtained by multiplying the mtu price by 
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Ише 


. for the past 25 years. The ensuing co 


the percentage manganese content of the ore; for example, by 48 
when the manganese content is 48%. The ore market consisted 
of a number of submarkets because of differences in ore-quality 
requirements by end use—ferroalloy production, blast furnace 
ironmaking, and manufacture of manganese chemicals. 

Manganese Ferroalloys and Metal.—Prices for manganese 
ferroalloys tend to vary in response to changes in demand 
by the steel and ferrous foundry industries, while those of 
manganese metal predominantly follow changes in demand 
by the aluminum industry. Manganese ferroalloy prices are 
also influenced by changes in the product mix of the world's 
suppliers because different manganese ferroalloys are largely 
interchangeable with each other. 

Annual average import prices for manganese ferroalloys are 
given by Platts Metals Week. These prices are based on free 
market spot prices per unit of measurement, f.o.b. Chicago, 

IL, or Pittsburgh, PA, warehouse. Annual average import 

prices were $1,403.41 per gross (long) ton for high-carbon 
ferromanganese, 129.09 cents per pound for medium-carbon 
ferromanganese, and 64.27 cents per pound for silicomanganese. 
These prices were 16%, 28%, and 27% higher, respectively, than 
those of 2009. The annual average price for manganese metal is 
based on weekly averages of North American transaction prices 
published by Ryan's Notes for bulk shipments of manganese 
metal, f.o.b. Chicago, IL, or Pittsburgh, PA, warehouse. The 
annual average North American transaction price for manganese 
metal was 162.60 cents per pound, which was a 1694 increase 
compared with that of 2009. 

According to Platts Metals Week, the price range for 
high-carbon ferromanganese containing 78% manganese, per 
gross ton, began the year at $1,310 to $1,350 and ended the year 
at $1,300 to $1,350, for a slight net decrease. The price range, 
per pound of manganese, for medium-carbon ferromanganese 
with a manganese content of 8094 to 85% and a nominal carbon 
content of 1.5% began the year at 105 to 109 cents and ended 
the year at 117 to 119 cents, for а net increase of 10%, The price 

range, per pound of alloy, for imported silicomanganese with 
2% carbon started the year at 58 to 62 cents and ended 2010 at 
or mation cea ee reat, The net prios increases 
caused by supply concerns 4. ші omanganese were 
| әз. producer Eramet Marietta 
declared a force majeure on manganese alloys production } 
March and early April. У 

According to Ryan's Notes North Amer; : 
prices, the 2010 yearend price ran ə.. 
shipments was 182.5 to 187.5 cents 
of 27% from the price of 142 to 150 cents x s Pisos 

ae | | at the 
beginning of the year. This net price increase was attributab] 
rising costs of Chinese manganese metal exports. able to 


ge of bulk manganese meta] 


Foreign Trade 


In the absence of domestic mine 
manganese, U.S. net import relianc 
consumption, was 100% for mang 


production and recycling for 
9, aS а percentage of apparent 
anese, the same as i, has been 


mparisons of forei 
Weight. сы 


е dioxide апа тап 
Iromanganese. man 


data were made on the basis of gross 
In 2010, U.S. exports of manganes 
metal increased, while exports of fe dnas 


Banese 
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ore, and silicomanganese decreased compared with exports 

of these materials for 2009 (table 5). The biggest year-to-year 
change in exports was that of silicomanganese, which were 50% 
lower than those in 2009. Mexico accounted for 54% of U.S. 
silicomanganese exports, followed by Canada with 23%. 

In 2010, U.S. imports of ferromanganese, manganese 
dioxide, manganese metal, manganese ore, and silicomanganese 
increased compared with those of 2009, while imports of 
potassium permanganate decreased (table 6). The most 
significant year-to-year change was for imports of manganese 
ore, which were 43% more than those of 2009. Increases in 
this import category were especially notable for China, with an 
increase of 95,400 t, up from zero in 2009; and for Gabon and 
Australia, with year-on-year increases of 60,100 t (32%) and 
50,800 t (142%), respectively. 

Antidumping Duty Administrative Reviews.—Final 
antidumping duty rates assessed in 2010 on imports of manganese 
materials to the United States are summarized in table 7. 

U.S. World Trade Organization (WTO) Chinese Raw 
Material Export Dispute Settlement Proceedings. —On 
March 29, panel representatives were appointed to the WTO 
Dispute Settlement Body (DSB) that was formed in response 
to requests from the United States, the European Union, and 
Mexico, regarding curbs placed by China in 2009 on exports of 
various materials, including a tax of 20% on ferromanganese, 

d silicomanganese exports and a 15% tax 
ports. The DSB panel was expected to 
April 2011, although as of June 

` 30, 2011, it had not done so (Office of the United States Trade 
Representative, 2009; American Metal Market, 2010; World 
Trade Organization Dispute Settlement Body, 2010). 


manganese metal, an 
on manganese ore ex 
finalize its determination 1n 


World Industry Structure 


World manganese ore production was estimated by the USGS 
to be 14.2 Mt (contained manganese) in 2010, up 31% from 
the revised amount in 2009. Most (9596) manganese ore was 
produced in 10 countries. On a manganese-content basis, the 
leading producer countries of manganese ore were оир 
(21%), Ѕошћ Africa (20%), China (18%), Gabon (10%), апі 
India (7%) (table 8). World manganese ferroalloy production was 
estimated by the USGS to be 15.2 Mt (gross weight) in 2010, an 
increase of 1696 compared with the revised amount in 2009. On a 
gross weight basis, the leading producer countries of а. 
ferroalloys were China (5596), India (9%), Ukraine (896), South 
Africa (5%), Norway (496), and Japan (396) (table 9). | 

CRU International Ltd. estimated that world consumption 
of manganese ferroalloys increased by 25% to 15.1 Mt in 
2010 compared with that of 2009. Of that amount, 9.3 Mt was 
silicomanganese, 4.4 Mt was high-carbon ferromanganese, and 


1.4 Mt was refined (medium- and low-carbon) ferromanganese. 
World consumption Was slightly more than СКО’ estimate 
of world manganese ferroalloys production in 2010 (15 Mt). 


The International Manganese Institute (Ми) estimated 
world manganese ore production to be 14.1 Mt (contained 
manganese), which was an increase of 3396 from the Мај 
estimate of 11.1 Mt in 2009 (CRU Bulk Ferroalloys Monitor, 
2011; Mark Camaj, market analyst, International Manganese 


Institute, unpub. data, May 26, 2011). 
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World Review 


New manganese materials projects scheduled for completion 
around the world from 2010 through 2014 are listed in table 
10. In 2010 alone, an additional 2.3 million metric tons per 
year (Mt/yr) of manganese ore and 262,000 t/yr of manganese 
ferroalloys capacity were planned. Additional manganese mine 
capacity was in South Africa (1.25 Mt/yr), Namibia (480,000 tyr), 
Australia (440,000 t/yr), Burkina Faso (50,000 t/yr), 
and Zambia (48,000 t/yr). New manganese ferroalloys capacity 
was in China (120,000 t/yr of silicomanganese), South Africa 
(75,000 t/yr of high-carbon ferromanganese), and India (67,000 yr 
of ferromanganese and silicomanganese). 

Brazil.—Vale S.A. was the leading manganese ore and 
ferroalloy producer in Brazil. Vale produced 1.8 Mt of 
manganese ore in 2010, an increase of 11% from that of 2009. 
The Azul Mine in the Carajás region produced 1.6 Mt of ore. 
Vale's manganese ferroalloys plants, with the exception ofthe 
Urucum plant, produced 207,000 t, more than double that in 
2009 (Vale S.A., 2011, p. 4). 

China.—Chinese imports of manganese ore were at an alltime 
high of 11.6 Mt (gross weight) in 2010, up 21% from those of 
2009 (TEX Report, The, 2011a). This was about 27% of the 
USGS estimated total world production (gross weight) in 2010 
The leading sources of Chinese manganese ore imports were 
Australia (3.16 Mt), South Africa (3.11 Mt), Gabon (1.30 Mi), 
Brazil (1.25 Mt), and Burma (0.75 Mt). Most of the imported 
manganese ore likely was blended with lower-grade domestic 
manganese ore for the production of manganese ferroalloys and 
metal. 

China was the leading producer of manganese ferroalloys 
in the world, but it still relied on imports of ferromanganes¢ 
and silicomanganese. The country exported 15% more — 
ferromanganese in 2010 (54,000 t) than it did in 2009, but it 
exported significantly less silicomanganese (72,000 t, -37%) 
(TEX Report, The, 2011b). 

China, the leading producer of electrolytic manganese 
(EMM) in the world with about 188 companies, produced 
1.38 Mt of EMM in 2010, an increase of 7% from that in 2009. 
The country exported about 220,000 t of EMM in 2010, an 
increase of 4296 from that in 2009. China's EMM capacity п 
2010 was estimated to be 2.2 Mt/yr, or 98% of the world total 
The country's EMM capacity utilization rate in 2010 was A 
62% (TEX Report, The, 2011c; Xie, 2011, p. 9). In 2010, : | 
Chinese Ministry of Industry and Information Technology eg 
evaluating the elimination of EMM plants with production 
lines of less than 5,000 t/yr capacity and plants that were 
noncompliant with environmental requirements. Ав р i 4 
the country's ЕММ production capacity would be re s 
2012 to between 1.5 Mt/yr and 1.7 Mt/yr by 2012 (JF 
Associates Inc., 2011, p. 67). 

In 2010, China was also the leading produc 
world, with total output of 202,000 t. This eq 

: : M ity held by 14 P 
the country’s annual production сарасру =". а 
which was 260,000 t. China's share of the active WO i 
БЭ 62%, followed бу! 
production capacity in 2010 was about > MD capacity 
United States with 15%. Other countries with E а 
include Colombia, Greece, India, Japan, South Africa, 
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Spain. China’s EMD exports increased to 48,000 t in 2010 from 
Cb deli 38,700 t in 2009 (Li, 2011, p. 27). 
Г CITIC Dameng Holdings Ltd. (2010, p. 102, 104) 
Уй summarized the Government's requirements for new EMM 
m and manganese alloy producers in China in its initial public 
їйї» offering prospectus. The minimum capacity for each new EMM 
ln Nas production line was 10,000 t/yr. The minimum production 
ШТІ capacities for new ferromanganese blast furnaces and 
- as silicomanganese electric arc furnaces (EAFs) were 70,000 t/yr 
tapas (300 cubic meters) and 40,000 t/yr [25,000-kilovoltampere (kVA)], 
р respectively, except for silicomanganese EAFs in midwest 
1 ' A China, which must have at least 20,000 t/yr (12,500 КУА) 
um production capacity. CITIC also noted that the Government 
im " has compiled lists of outdated existing ferroalloy production 
" bi facilities that would be shut down “їп the near-term” to meet 
ші its industrial policies. If fully carried out, these policies were 
PU" expected to affect 755 ferroalloy producers and eliminate about 
ni - 4 Mt/yr of outdated ferroalloy production capacity, including 
ив |; Mt/yr of silicomanganese capacity. 
Starting July 15, the Central Government revoked the 596 
os value-added-tax rebate on exports of wrought manganese 
| eh products categorized under the Harmonized Tariff Schedule 
Wi. (HTS) code 8111.00.6000. The Government maintained the 20% 
ils export duty on ferromanganese, unwrought manganese metal 
№ (except manganese briquettes), and silicomanganese exports. It 
UM also kept the duty on manganese ore exports at 15% 
Mats! (Metal-Pages, 2009, 2010b; Swire, 2009). 
Ww France. —Eramet SA reported a 26% reduction in worldwide 
шік manganese alloy output іп 2010 to 779,000 t compared with that 
_ 112009. The company owned manganese alloy plants in China, 
ius France, Norway, and the United States (Eramet SA, 2011, p. 34). 
is Vale's Rio Doce Manganese Europe tripled manganese alloy 
$3 production at its Dunkerque plant to 138,000 t in 2010 from that 
ili in 2009 (Vale S.A., 2011, p. 4). 
+ Gabon.—Eramet reached an agreement with the Government 
| of Gabon that would increase the Government's share of the 
ёш? Compagnie Miniere de l'Ogoouse (Comilog) S.A. mine by 10% 
gif to 35.4% (Eramet SA, 201 l, p. 32). 
sie Macedonia, —In April, Skopski Leguri DOOEL restarted 
Ш; One furnace at its manganese ferroalloys plant in Skopje after 
fl’ a5-month stoppage. The company would produce either 
ІШ ferromanganese or silicomanganese depending on customer 
2 requirements (Metal-Pages, 20104). 
үр Norway.—Eramet relined the Nos. 1 and 10 manganese 
14 ferroalloy furnaces at Kvinesdal and Porsgrunn, respectively, 
i with refractory during the year (Eramet SA, 2011, p. 11). 
yl Manganese ferroalloy production at Vale's Mo I Rana plant was 
2 | X t, a 34% increase from that of 2009 (Vale, S.A., 2011, 
je КОЕ 
y South Africa.—In May, Samancor Manganese sold its 5194 
| d stake in Manganese Metal Company (Pty.) Ltd. (MMC) 
Ш ү gattu Trading 195 (Pty.) Ltd. Also in May, U.S.-based 
" almont Industries, Inc. acquired a 56% share in Delta EMD 
Ш = which owned the remaining 49% of MMC. Delta EMD’s 
if DR іп MMC was transferred to Valmont (BHP Billiton 
у ч 2. P. 46; Valmont Industries, Inc., 2012). 
in hull е producers were facing rail and port 
as substantial additions of manganese 


j МАМСАМЕЗЕ—2010 


am 


ore production capacity were planned through 2014 
(table 10). Transnet SOC Ltd., South Africa's state-run port and 
rail utility began evaluating options for expanding manganese 
rail line and shipping port capacities. Transnet was responsible 
for transporting manganese ores from mines located in the 
Kalahari Basin in the Northern Cape region by bulk rail to the 
Port Elizabeth and Durban. In 2010, the manganese ore terminal 
capacity at Port Elizabeth was 5.5 Mt/yr and at Durban, 1 Mt/yr. 
Transnet's rail capacity to Durban matched that of the port, but 
rail capacity to Port Elizabeth was only 4.2 Mt/yr. As an interim 
solution, Transnet planned to increase its Port Elizabeth rail line 
capacity to 5.5 Mt/yr by July 2012, while continuing to evaluate 
whether to locate a new 12-Mt/yr manganese facility at Port 
Ngqura or Port Saldanha by 2016-17. The manganese terminal 
at Port Elizabeth would then be vacated (Herbert, 2011, p. 12, 
18, 29-30). 

Ukraine.—Ukraine's total output of manganese concentrate 
increased by 7196 in 2010 to 1.59 Mt, compared with that of 
2009. Manganese ferroalloy production also increased in 2010 
by 120% for ferromanganese, 27% for silicomanganese, and 
4% for electrothermic manganese metal. Nikopol Ferroalloy 
Plant's produced 704,600 t of silicomanganese and 210,600 t of 
ferromanganese, up 21% and 170%, respectively. ОАО Zaporozhsky 
Ferro-Alloy Works produced 152,100 t of silicomanganese, 
69,500 t of ferromanganese, and 15,700 t of electrothermic 
manganese metal, up 3296, 3296, and 49^, respectively, from those in 
2009. Silicomanganese production at the Stakhanov Ferroalloy Plant 
increased to 83,700 t, which was a 9194 increase from that in 2009 
(Interfax Russia & CIS Metals and Mining Weekly, 201 |). 


Outlook 


The trend of domestic and global consumption for manganese 
is expected to follow closely that of steel production, for which 
the annual growth rate in the United States has been typically 
in the range of 1% to 2%. Although growth rates for some 
nonmetallurgical components of manganese consumption 
especially batteries, may be higher than for steel production this 
situation should have only a minor effect on overall manganese 
demand. 

Details of the outlook for the steel industry are discussed in 
the Outlook section of the Iron and Steel chapter of the 2010 
USGS Minerals Yearbook, volume I, Metals and Minerals 
According to the World Steel Association (2011), raw steel 
production, compared with that in 2009, increased by 38.59 t 
80.6 Mt in the United States and by 15% worldwide to sli hti Я 
тоге than 1.4 billion metric tons (Gt). Raw steel podici | 
in China, the leading world producer of raw steel, increas d 
by 9.3% to about 627 Mt. MEPS (International) Ltd (2011 
forecast that world raw steel production would increase b | 0 
to 1.49 Gt in 2011 from that in 2010, and by 4.4% in 2012 " 

Manganese metal is used primari ly by the aluminum i d 
followed by the steel industry. The outlook for the al m 
industry is discussed in the Outlook section of the Al 
chapter of the 2010 USGS Minerals Yearbook, vol 2 
and Minerals. че Metals 

EMD is used by the primary and s , 

- а rough pido of Кан э на и 
or primary and second i TOPE A se 
ary ary batteries was projected to increase by 
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4.8% annually through 2015 to $16.7 billion. Secondary battery 
sales Were forecast to rise faster than those of primary batteries, 
owing mainly to growth in lead-acid batteries in which EMD 

15 not used, although non-lead-acid secondary batteries were 
expected to grow faster in percentage terms spurred by increasing 
usage of high-drain electronic products and increased production 
of hybrid and electric vehicle batteries such as lithium-ion in 
which EMD may be used. Sales of secondary batteries were 
expected to increase at an annual rate of 5.7% through 2015. 

The value of global primary and secondary battery consumption 
was forecast to increase by 4.8% annually through 2014 to $109 
billion, with U.S consumption expanding below the average 
global rate (Freedonia Group, Inc., The, 2010, 2011). 
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TABLE ! 
SALIENT MANGANESE STATISTICS! 


(Thousand metric tons, gross weight, unless otherwise specified) 


2006 2007 2008 
United States: 
Manganese ore (20% or more Mn): 
Exports 2 29 48 
Imports for consumption 572 602 571 
Consumption? 365 351 464 


2009 


2010 


Stocks, December 31, consumers? 
Ferromanganese: 


iE НЕЕ Ж —— — ЕЕ 
О Impotsforconumpion — — 11 38 _ 35 4 1% = 
Consumption 297 272 304 242 292 
Stocks, December 31, consumers and producers 31 31 27 31 30 
Consumption, apparent, manganese content! = 1,060 979 844 451 ' 758 
Price, average: = 
Ferromanganese, high-carbon’ dollars per gross ton 867.51 1,420.00 2,740.00 1,210.00 1,400.00 
Ferromanganese, medium-carbon’ cents per pound 66.83 104.98 213.13 100.52 129.09 
Manganese metal” do. 75.52 199.39 197.64 140.13 162.60 
Manganese ore price, cif" dollars per metric ton unit 3.22 3.10 12.15 7.95! 9.18 
Silicomanganese" cents per pound 39.57 76.72 100.87 50.72 6427 
World, production of manganese ore 33,100 ' 35,100 38,300 ' 33,800 ' 42,700 
"Revised. do. Ditto. 
‘Data are rounded to no more than three significant digits. 
?Exclusive of iron and steel plants. 
ЗВазед on estimates of average content for all significant components except imports, for which content is reported. 
^Platts Metals Week, dealer import prices based on monthly averages. 
*Ryan's Notes North American transaction prices based on weekly averages. 
6Cost, insurance, and freight, U.S. ports. 
TABLE 2 
U.S. GOVERNMENT DISPOSAL AUTHORITIES AND INV ENTORIES FOR MANGANESE MATERIALS 
AS OF YEAREND 2010! 
(Metric tons, gross weight) 
ME — AYUDE RE CE 
Physical inventory" 
Uncommitted Sold, 
Disposal Stockpile ^ Nonstockpile pending Grand 
Material authority grade grade Total shipment total 
Metallurgical ore" (8,910) ы (8,910) (8,910) XX (8,910) 
High-carbon ferromanganese 398,000 368,000 = 368,000 29,700 398,000 
Estimated. XX Not applicable. -- Zero. 
Граја are rounded to no more than three significant digits; may not add to totals shown. 
? Negative inventory, as reported by the Defense Logistics Agency, DLA Strategic Materials. 
Source: Defense Logistics Agency, DLA Strategic Materials. 
| 
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ТАВІЕ 3 
DOMESTIC PRODUCERS ОЕ MANGANESE PRODUCTS IN 2010 
Company Plant location FeMn SiMn MnO, Type of process 
Energizer Holdings, [пс., Eveready Battery Co. Marietta, OH X Electrolytic. 
Erachem Comilog, Inc. Baltimore, MD "m X Chemical. 

Do. New Johnsonville, TN X Electrolytic. 
Eramet Marietta, Inc. = Marietta, OH X X Electric furnace. 
Felman Productions Inc. Letart, WV X Do. 

Tronox Inc. Henderson, NV X Electrolytic. 
Do. Ditto. ЕЕ 


'FeMn, ferromanganese; SiMn, silicomanganese; MnO,, synthetic manganese dioxide. 


TABLE 4 


U.S. CONSUMPTION, BY END USE, AND INDUSTRY STOCKS OF MANGANESE FERROALLOYS AND METAL IN 2010! 


(Metric tons, gross weight) 
Ferromanganese 
Medium and Manganese 
End use High carbon low carbon Total Silicomanganese metal 

Steel: 
Carbon ЕЕ 111,000 107,000 218,000 56,300 1,560 
High-strength, low-alloy 18,800 10,600 29,300 5,850 Е. 
Stainless and heat-resisting 6,630 2,160 8,790 14,200 968 
Full alloy 13,900 14,000 27,800 16,700 І 
Unspecified? 670 380 1,050 904 1,650 
Total 151,000 134,000 285,000 93,900 4,170 
Cast irons 6,640 331 6,270 460 5 
Superalloys W W W ыы 316 
Alloys (excluding alloy steels) 454 251 705 2,920 11,400 
Miscellaneous and unspecified W W W W | W 
. Grand total 158,000 134,000 292,000 97,300 ? 15.800 
Total manganese content* 123,000 108,000 231,000 64,200 jS Бао 
Stocks, December 31, 2010, consumers and producers 7,590 9,820 30,000 28,000 Es 


W Withheld to avoid disclosing company proprietary data; included with “АПоуз (excluding alloy steels).” -- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes electrical and tool steel. 


"Internal evaluation indicates that silicomanganese consumption is considerably understated, 


“Estimated based on typical percentages of manganese content. 
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TABLE 5 
U.S. EXPORTS OF MANGANESE ORE, FERROALLOYS, METAL AND MANGANESE DIOXIDE, BY COUNTRY! 


2009 2010 
| Quantity, Value, Quantity, Value, 
gross weight f.a.s? gross weight fas. 
Country (metric tons) (thousands) (metric tons) (thousands) 
Ore and concentrates with 20% or more manganese:? 
Canada 13,900 $923 3,160 $366 
China o | | " = 8,790 2,190 
Germany m 668 1,750 75 278 
Korea, Republic of 527 893 306 395 
Other (20 countries) 184 256 1,620 2,760 
Total 15,300 _3,830 13,900 5,990 
Ferromanganese, all grades:* 
Brazil 480 626 2,170 3,750 
Canada 10,900 11,600 5,550 8,130 
Chile 540 488 1,570 2,720 
“ажа о о _ 1,000 1,400 ч - 
Malaysia 1,080 1,160 8 22 
Mexico 6,890 8,220 9,610 12,700 
Netherlands 2.260 2,620 s -- 
Other (16 countries) 969 1,770 210 472 
Total 24,200 27,900 19,100 27,800 
Silicomanganese:* 
Canada 5,410 5,580 2,150 4,590 
Italy 2,540 2,010 - = 
Mexico | 7,050 6,510 5,030 6,760 
Netherlands 1,490 1,340 - = 
__Other (12 countries) 2,290 2,040 2,180 1,720 
. Total EM _ 18,800 17,500 9,360 13,100 
Metal, including alloys and waste and scrap: 
сша | 894 ' 2,200" 690 1,640 
Hong Kong 820 2,340 849 3,530 
India 205 452 626 1,450 
Japan | 462 1,010 311 683 
Other (23 countries) 772 2,090 1,190 3,020 
E M 3,150 ' 8,090 ' 3,660 10,00 
Manganese dioxide: 
. Belgium 1,930 4,870 1,790 4220 
c E 4,090 3,900 4,090 4,220 
__ Other (48 countries) 2,400 4,650 3,100 6220 
тые MM E 8,420 13,400: 8,990 14,700 
‘Revised. -- Zero. Е | 7 ЕЕ 
Data are rounded to no more than three significant digits; may not add to totals shown. 
Free alongside ship. 
3 Mii nat 
йаш, A dada more than 300 metric tons from the United States based on a 2-year average. 
ountries listed imported more than 500 metric tons from the United States based on a 2-year average. 


Source: U.S. Census Bureau. 
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U.S. IMPORTS FOR CONSUMPTION OF MANGANESE ORE, FERROALLOYS, METAL, AND SELECTED CHEMICALS, BY COUNTRY! 
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TABLE 6 


009 
Quantity Value, Quantity Value, 
Gross weight Mn content customs Gross weight Мп content customs 
Country (metric tons) (metric tons) (thousands) (metric tons) (metric tons) (thousands) 
Ore and concentrates with 20% or more тапрапезе:“ 
АП grades: 
Australia 35,700 15,400 $12,300 86,400 65,200 $24,900 
Belgium 1,180 609 136 = x = 
Brazil 2,960 1,540 930 6,780 3,440 2,520 
China 4,170 2,150 618 707 481 637 
Gabon 186,000 96,500 65,000 246,000 125,000 70,700 
Georgia = " M 12,400 8,610 13,000 
Ghana 37,500 37,100 3,400 36,600 10,300 5,080 
Mexico 1,490 671 304 2,920 1,050 687 
Morocco 16 9 12 1,540 791 217 
South Africa = ды z 95,400 40,100 15,500 
Total 269,000 154,000 82,600 489,000 255,000 133,000 
More than 20% but less than 47% manganese:? 
Australia 25,600 10,500 10,200 E Е -- 
Gabon = 5 ХЕ 16,800 7,480 2,320 
Ghana > б = 36,600 10,300 5,080 
М 1,490 671 304 2,920 1,050 687 
South Africa ES = 27 77,400 30,300 9,490 
Total 27,100 11,100 10,500 134,000 49,100 17,600 
47% or more manganese 
. Australia 10,100 4,970 2,070 86,400 65,200 24,900 
Belgium 1,180 609 136 -- -- -- 
Brazil 2,960 1,540 930. 6,780 3,440 2,520 
Е 7 4,170 2,150 618 707 481 637 
^ Gabon _ 186,000 96,500 65,000 229,000 117,000 68,300 
_ Georgia » Ж Ж 12,400 8,610 13,000 
_ Ghana. 37,500 37,100 3,400 к > = 
Могоссо | 16 9 12 1,540 791 217 
. South Africa ME B А 5 18,000 9,850 6,010 
БЕСТІ 242,000 143,000 72,100 355,000 206,000 116,000 
Ferromanganese: 
_ АН grades: ЕН 
_ Australia 11,000 8,460 11,600 4,040 3,140 4,200 
. China i 10,100 9,160 24,600 32,900 28,000 75,500 
_ France M 2 » 15,700 11,200 19,000 
__ Korea, Republic of Е 8,790 7,120 15,700 16,900 13,500 35,700 
Мехісо 7,750 6,110 13,300 21,500 17,200 44,000 
Norway 10,100 8,250 16,300 35,000 28,000 56,600 
South Africa 90,200 69,900 118,000 152,000 118,000 199,000 
Ukraine A 4,290 3,360 3,670 40,300 31,600 47,100 
Other (14 countries) = 10,800" 8,340" 1,6007 8310 — 6350 11,900 
“Tol. "енене — 153,000 121,000 215,000 326,000 257,000 493,000 
China 8,580 7,940 21,900 21,700 19,000 55,100 
_ Korea, Republic of 3,460 2,810 5,370 " = z 
Mexico 4,340 3,450 8,090 10,200 8,200 21,100 
_ Norway 2,660 2,160 4,720 3,810 3,090 7,830 
.. South Africa | 1,020 827 2,560 23 21 70 
__ Other (4 countries) : 27 21 58 3,800 3,140 8,740 
_ Total - no 20,100 17,200 42,700 39,500 33,500 92,800 
More 0, 0 А 
ни 740 600 1,610 11,100 __ 8,890 20,300 


See footnotes at end of table. 
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TABLE 6—Continued 
U.S. IMPORTS FOR CONSUMPTION OF MANGANESE ORE, FERROALLOYS, METAL, AND SELECTED CHEMICALS, BY COUNTRY! 
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2009 2010 
Quantity Value, Quantity Value, 
Gross weight Mn content customs Gross weight Mn content customs 
Country (metric tons) (metric (015) (thousands) (metric tons) (metric tons) (thousands) 
More than 1% to 2% or less carbon—Continued: 
Korea, Republic of 4,630 3,770 $9,460 12,400 9,920 $27,100 
Mexico 1,520 1,210 3,080 11,300 8,970 22,900 
_ Norway | 7,410 6,030 11,400 18,500 14,900 34,600 
South Africa 12,300 9,740 26,800 31,200 24,700 55.000 
Other (6 countries) 39 31 198 1,270 1,010 2,650 
|. Total 26,600 21,400 52.600 85,900 68,400 163,000 
_ Моге than 2% but not more than 4% carbon: — 
China MEM | = 2 i 60 32 114 
Norway МЕ | 16 13 25 T =: - 
South Africa 216 179 500 180 166 464 
Other (2 countries) 405 304 460 51 40 51 
Total 637 496 986 291 238 629 
_ More than 4% carbon: | 
Australia — —— m mu 11,000 8,460 11,600 4,040 3,140 4,200 
China | 816 614 1,140 -- - - 
__ France | -- E 2 15,700 11,200 19,000 
Korea, Republic of = | o 701 546 870 1,500 1,130 1,800 
Mexico 1,900 1,450 2,130 8 6 15 
_ Norway mE I 57 46 92 12,700 9,980 14,200 
_ South Africa 76,700 59,100 88,600 120,000 93,100 144,000 
_ Ukraine | 4,290 3,360 3,670 40,300 31,600 47,100 
Other (9 countries) 10,400 ' 7,990 ' 11,000" 6,190 4,580 7,260 
| Toa — | 106000 81,600 119,000 201,000 155,000 231,000 
Silicomanganese:? 
Australia 18,400 12,200 17,200 31,200 20,700 32,700 
Georgia _ 20,300 13,500 15,600 79,200 54,300 98,100 
Korea, Republic of | 7,090 4,620 6.380 - - = 
Mexico | 1,600 1,050 1,660 12,500 8,180 14,700 
Norway | 15,200 9,460 22,300 38,300 23,900 61,600 
Saudi Arabia 2. | 8,760 3,510 7,540 2,540 1,670 2,990 
South Africa — 55,400 36,800 60,500 122,000 81,500 145,000 
Other (9 countries) | Е 3,600 2,320 4,040 10,700 6,710 17,700 
Total | /—. 130000 . 83,00 135000 297,000: 197,000 373,000 
Metal? | 
 Unwrought;* С 
China 15,500 XX 38,100 25,900 XX 64,400 
Germany | 555 XX 1,660 852 XX 2,650 
South Africa | А 4,980 XX 14,100 5,450 XX 18,300 
. Other(10 countries) - 459 XX 1,150 2,450 XX 02%) 
Tomb , _21,500 хх 55000 34,600 __ xx _ 94% 
_ Other manganese, wrought: 
Mexico m 299 XX 1,530 477 XX 2,630 
Other (9 countries) - "NM |... 315 XX 918 EOSDEM и 
ЕКЕ с. жанса A | 614 — ХХ 2,450 617 xx IND 
Waste and scrap: 
Canada 00 
_ Офег (5 countries) i ind pid а = " 
| = | 185. XX 131 88 ХХ 4 
= z | 886 XX 7 370 786 XX = 
See footnotes at end of table. Nu IU EE ; сс = 
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TABLE 6—Continued 


U.S. IMPORTS FOR CONSUMPTION OF MANGANESE ORE, FERROALLOYS, METAL, AND SELECTED CHEMICALS, BY COUNTRY! 


с 
0 


Quantity Value, Quantity Value, 
Gross weight Мп content customs Gross weight Мп content customs 
| Country (metric tons) (metric tons) (thousands) (metric tons) (metric tons) (thousands) 
Manganese dioxide:” FAN 
Japan 4,570 XX $11,400 7,220 XX $16,000 
South Africa 12,200 XX 29,200 13,100 XX 36,400 
Other (14 countries) 733 XX 1,310 1,620 XX 2,720 
Total 17,500 XX 42,000 21,900 XX 55,100 
Potassium permanganate:? 
Czech Republic 565 XX 1,870 385 XX 1,150 
India ) 560 XX 1,870 690 XX 2,140 
Other (2 countries) 18 XX 62 14 XX 51 
XX XX 


Total 1,140 3,800 1,090 3,330 
"Revised. XX Not applicable. -- Zero. 


"Раја are rounded to no more than three significant digits; may not add to totals shown. 
"Countries listed exported more than 300 metric tons (gross weight) to the United States based on the 2-year average. 


"Countries listed exported more than 5,000 metric tons (gross weight) of total manganese alloys to the United States based on the 2-year average. 


"Imports of unwrought metal include flake, powder, and other. 


Source: U.S. Census Bureau, data adjusted by the U.S. Geological Survey. 


TABLE 7 


MANGANESE MATERIALS: FINAL ANTIDUMPING DUTY RATES ASSESSED IN 2010, BY DATE! 


о ————-—— 


Country Period of 
Date Imported material of origin investigation Producer and duty rate 
August 26 Potassium permanganate China 5-year review All imports (128.9494). 


“Antindumping duties are assessed by the U.S. International Trade Commission (ITC). 


*Conducted on existing antidumping duty order by the International Trade Administration of the U.S. Department of Commerce. 


Source: Federal Register. 
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TABLE 8 


MANGANESE ORE: WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons) 


——————————"EOE—xO!ÉÓC—"———-—————QW 
Mn content, 


Country? 

Australia: 

Gross weight 

Mn content" 
Brazil: 

Gross weight 

Mn content 
China:* *? 

Gross weight 

Mn content 
Gabon: 9 

Gross weight 

Mn content 
Ghana: 

Gross weight 


Mn content? 
India:'! 

Gross weight 

Mn content 
Kazakhstan, crude ore: 


Gross weight 
Mn content? 
Мехісо:!? 
Gross weight 
Mn content 
South Айтса: 
Gross weight 
Mn content 
Ukraine: 
Gross weight 
Mn content? 
Other: ? 
Gross weight | 
Mn content 


———_—_ Қ 
Total: 


Gross weight 
Mn content 


percentage” * 2006 


4,556 
37-53 2,192 6 
3,390 
33-51 1,120 
8,000 
20-30 1,600 
3,000 
45-53 1,393 
1,659 
32-34 580 
2,084 
10—54 844 
2,531 
20-30 550 
346 
36—37 124 
5,213 
30—48+ 2,300 
1,606 
30—35 546 
752 ' 
XX 228! 
33,100 € 
XX 11,500 


"Estimated. Preliminary, "Revised. XX Not applicable. 


2007 2008 2009 2010 


5.289 4,812 4,451 6,465 
2,540 2,320 2,40 3,00 
1,570 3,160 2,3507 — 2,400? 
520 1,040 778! 780? 
10,000 11,000 12,000 13,000 
2,000 2,200 2,400 2,600 
3,300 3,250 1,992" 3,201 
1,532 1,441 881 1,416 
1,173 1,261 1,007 1,000 * 
410 440 351 350 
2,00* 2,400 2,500 2,600 
900 * 960 980 1,000 
2,482 2,485 2,457" 3,042 
600 600 520 ' 640 
423 472 * 330^* 485^ 
152 170 119° 175 
5,996 6,807 4,576 7172 
2,600 2,900 1,005: 2,900 
1,720 1,447 932 1,589 
580 492 ' 316° 540 
865" 1,2207 1,807 1,720 
275" 434 ' 411: 672 
35,100 38,300" 33,800" 42,700 
12,100 13,000" 10,800 14,200 


| 
od totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
Table includes data available through January 2, 2012. Data pertain to concentrates or comparable shipping product, 


except that in a few instances the best data available appear to be for crude ore 
3 Sr | 
In addition to the countries listed, Cuba, 
manganiferous ore, but available informa 


4 
May be average content of each year's p 


у Metallurgical ore. 
*Reported figure. 


possibly after some upgrading. 


Panama, and Philippines may have produced manganese ore and (or) 
Поп is inadequate to make reliable estimates of output levels. 


roduction rather than for content of typical products. 


7 . E 
Production of beneficiated ore as reported in Mine 


imports from China and South Africa. 
Includes manganiferous ore. 


ral Summary, Brasilia, Brazil. Average content 43% Mn. Contains 
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TABLE 8—Continued 
MANGANESE ORE: WORLD PRODUCTION, BY COUNTRY"? 


“Тһе International Manganese Institute estimated Chinese manganese ore production, in gross weight and Mn content, 
respectively, to be in metric tons, as follows: 2006—1 1,000,000 and 2,200,000; 2007—14,000,000 and 2,800,000; 
2008— 19,000,000 and 3,400,000; 2009— 15,000,000 and 2,700,000; and 2010—17,000,000 and 3,100,000. 
Calculated metal content includes allowance for assumed moisture content. Includes ore and sinter. 

Reported on a fiscal year-basis. Much of India’s production grades below 35% Mn; content averaged 38.3% Mn 

for fiscal years 2006-07 through 2010-11. 

"Mostly oxide nodules; may include smaller quantities of direct-shipping carbonate and oxide ores for metallurgical 


and battery operations. 


Category represents the combined totals of Bosnia and Herzegovina, Bulgaria, Burkina Faso, Burma, Chile, Colombia, 
Cote d'Ivoire, Egypt, Georgia, Hungary, Indonesia, Iran, Italy (from wastes), Morocco, Namibia, Romania, 
Russia (crude ore), Sudan, Thailand, Turkey, and Zambia. 
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TABLE 9 


FERROMANGANESE AND SILICOMANGANESE: WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons, gross weight) 


Country 2006 2007 2008 2009* 2010° 
Argentina, electric furnace, silicomanganese 9,268 8,917 9,172 6,644 3 6,000 
а ge ME REEL S SNC. NI 


Australia, electric furnace:® 
Ferromanganese 
Silicomanganese 

Total 

Brazil, electric furnace: 
Ferromanganese 
Silicomanganese® 


Total 
Ан 
Сіпа: 


Blast furnace, ferromanganese 
Electric furnace: 
Ferromanganese 
Silicomanganese 
Total 
Total, blast and electric furnaces 
Egypt, electric furnace, ferromanganese‘ 
France, electric furnace: 
Ferromanganese 
Silicomanganese' 
Total 
Georgia, electric furnace! 
Ferromanganese 
Silicomanganese 
Total 
India, electric furnace; 
Ferromanganese 
Silicomanganese 
Total 
Indonesia, electric furnace 
Ferromanganese 
Silicomanganese 
. Total 
Iran, electric furnace, ferromanganese 


Italy, electric furnace! 
Ferromanganese 
Silicomanganese 
Total 

Japan, electric furnace: | 

Ferromanganese 

Silicomanganese 


Total 
Ferromanganese* 
Silicomanganese 


и LL 
тш 


—— 18,44 179939 2003 
218,323 ' 188 г 
See footnotes at end of table. 445 


125,000 
120,000 
245,000 


280,770 


292230 3 


573,000 


600,000 


1,400,000 
3,600,000 
5,000,000 
5,600,000 


30,000 


137,000 
63,300 
200,000 


5,130 3 
116,945 3 
122,075 3 


296,726 


12,000 
5,000 
17,000 


4,500 
33,500 


406,162 
59,424 
465,586 


218,323 


782,962 
1,079,688 


r 


r 


r 


115,000 
110,000 
225,000 


205,000" 


214,000 


419,000 ' 


600,000 


1,930,000 
4,340,000 
6,270,000 
6,870,000 


30,000 


144,000 
65,400 
209,000 


5,000 
120,000 
125,000 


391,210 
911,402 


1,302,612 


12,000 
6,000 
18,000 


r 


= == 


147,000 
125,000 
272,000 


190,000 ' 


198,000 


388,000 ' 


600,000 


2,100,000 
5,000,000 
7,100,000 
7,700,000 


30,000 


46,600 
60,200 
107,000 


5,000 
120,000 
125,000 


384,577 
891,458 


1,276,035 


12,000 
7,000 
19,000 


179,939 


г 


Т 


87,000 
74,000 
161,000 


75,000 ' 
79,000" 
154,000 * 


350,000 ' 


2,070,000 : 
5,430,000 ' 
7,500,000 ' 
7,850,000 ' 
30,000 


46,000 
54,100 
100,000 


МА "3 
112,016 "3 
112,016 "3 


389,465 3 
1,099,838 3 
1,489,303 3 


12,000 
7,000 


19,000 
г, 3 


136,000 
131,000 
267,000 


103,000 P? 
107,000 
210,000 2 


350,000 


2,300,000 
5,700,000 
8,000,000 
8,350,000 

30,000 


138,000 
54,000 
192,000 


NA? 
203,464 ? 
203,464 3 


390,000 
1,000,000 
1,390,000 


12,000 
8,000 _ 


20,000 
3 


4,800 8,500 5.500 17,000 
37,000 25,500 17,000 20 
38,000 41,800 34.000 22,500 40,00 
— 38,00 41.80 34000 22,500 400. 
3 
420,151 431,181 361,375 ? icono 
52,901 58,884 49,205 ? 5. 
473,052 490,065 410,580 ? 503,130 
d r EL - 
1 Д 3 
188,445 179,939 200,374 "2 21500 _ 


200,374 "2 — 215000 | 
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TABLE 9—Continued 
FERROMANGANESE AND SILICOMANGANESE: WORLD PRODUCTION, BY COUNTRY "2 
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(Metric tons, gross weight) 
лз о ООШ а INNEN ТТЫ ЫР a 
Korea, Republic of, electric fumace: У 0 
Ferromanganese 169,202 209,321 251,125 250,000 ' 250,000 
Silicomanganese 94,119 105,607 76,184 80,000” 80,000 
Total 263,321 314,928 327,309 330,000 * 330,000 
Macedonia, electric furnace: 
Ferromanganese ss be 12,623 -— -- 3 
Silicomanganese == 70,472 54,931 3 542 
Total -- 70,472 67,554 -- 3 -- 3 
Mexico, electric furnace: 
Ferromanganese 62,485 74,578 97,366 42,492 ? 42,000 
Silicomanganese 97,457 109,286 114,320 85,065 ? 85,000 
Total 159,942 _ 183,864 211,686 127,557 ? 127,000 
Norway, electric furnace 
Ferromanganese 245,000 245,000 309,000 205,000 297,000 
Silicomanganese 230,000 225,000 252,000 200,000 249,000 
Total 475,000 470,000 561,000 405,000 546,000 
Раб 
Blast furnace, ferromanganese 4,100 2,100 8,500" 1,700! 2,000 
Electric furnace, silicomanganese 3,310 15,600 25,100 € 14,000 ' 15,000 
Total 7,410 17,700 33,600 * 15,700 ' 17,000 
Romania, electric furnace: 
Ferromanganese ' 3,329 T E m = 
Silicomanganese | 53,085 26,868 10,000 -- 20,000 ? 
Total 56,414 26,868 10,000 -- 20,000 ? 
Russia: 
Blast furnace, ferromanganese 130,000 120,000 110,000 88,000 "3 171,600 ? 
Electric furnace, silicomanganese 40,000 40,000 40,000 98,700 7? 147,900 ? 
Total 170,000 160,000 150,000 186,700 "3 319,500 ? 
Slovakia, electric furnace: 
Ferromanganese 59,391 74,065 61,194 21,000 * 25,000 
Silicomanganese 59,128 71,587 59,940 32,000" 35,000 
Total С 118519 145462 121034 53,0007 60000 - 
South Africa, electric furnace: 
Ferromanganese 656,235 698,654 503,000 260,000 530,000 ? 
Silicomanganese® 247,000 302,000 233,000 110,000 230,000 
Total _ 903,235 1,000,654 736,000 370000 760000? - 
Spain, electric furnace: 
Ferromanganese 148,000 ' 155,000 ' 163,000 ' 68,000 : 152,000 
Silicomanganese 145,000 ' 153,000" 160,000 " 67,000 ' 150,000 
Tota — 293,000' 308,000: 323,000:  135000' 302000 | 
Blast furnace, ferromanganese 30,000 26,700 16,000 -- --3 
Electric furnace: 
Ferromanganese 373,000 368,000 362,400 " 129,400 ? 280,100 ? 
Silicomanganese 1,168,000 1,281,000 894,900 ' 741,900 ? 940,400 ? 
Total 1,541,000 1,649,000 1,257,300 ' 871,300 ? 1,220,500 ? 
Total, blast and electric furnaces 1,571,000 1,675,700 На 871,300 ” 1,220,500 * 
Е а W үу 3 Ww? 
United States, electric furnace, ferromanganese’ W ы 
Seefoomotesatendoftable. > > > > > > >>> > > > о 
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TABLE 9—Continued 
FERROMANGANESE AND SILICOMANGANESE: WORLD PRODUCTION, BY COUNTRY "2 


(Metric tons, gross weight) 
Country 2006 2007 2008 2009* 2010: 
Venezuela, electric furnace: 
О IUTAGE, EMEN 


Ferromanganese 15,000 15,000 15,000 15,000 15,000 
Silicomanganese 35,000 35,000 35,000 35,000 35,000 
аи 


Total 50,000 50,000 50,000 50,000 50,000 
Grand total 12,700,000 " — 14,300,000 " — 14,500,000 ' 13,100,000 15,200,000 
— L —_—_—_ м ^ 152000 — 


Of which: 


Blast furnace, ferromanganese 764,000 749,000 735,000" 440,000 € 524,000 
т - - к———————————Е € € uam 
Electric furnace, excluding United States: 


Ferromanganese 4,430,000 € 5,100,000 ' 5,130,000 : 4,070,000 ©" 5,170,000 
Silicomanganese? 7,470,000 ' 8,490,000 ' 8,630,000 € 8,590,000 " 9,480,000 
Total 11,900,000 "€ 13,600,000 : 13,800,000 " — 12,700,000" — 14,700,000 


"Estimated. "Preliminary. "Revised. NA Not available. W Withheld to avoid disclosing company proprietary data; not included in “Grand total.” — Zero. 


"World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
?Table includes data available through January 31, 2012. 

"Reported figure. 

“Includes silicospiegeleisen, if any. 

"Reported on a fiscal year basis, which is from April 1 to March 31. 

5Salable products from Cía Minera Autlán S.A. de C.V. 

US. output of ferromanganese includes silicomanganese. 

‘Includes silicospiegeleisen, if any, for France. 


TABLE 10 
1,2,3 
MANGANESE MATERIALS: PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, BY YEAREND 2014 


(Metric tons, gross weight, unless otherwise specified) 


Wear |————————— 


Projected annual n 
year of first Country production production duct’ 
production (state/province) Project and company Project type capacity capacity Near 
200 ыы, Nicholas Downs (omer Balfour лы Ор cay Miser 
(East Pilbara) Downs) Manganese Mine 
Mineral Resources Ltd. (5094) and 
Hancock Prospecting Pty, Ltd. (50%) 
2010 Australia Peak Hill District Manganese Mine do. 85,000 е 
(Western) Mineral Resources Ltd. 
2010 Burkina Faso Kiere Manganese Mine new mine NA 50,000 di 
(Tuy) Burkina Manganese S.A. 
2010 China China International Trust and Investment е EMM plant NA ала 
(Chongzuo, Corporation (CITIC) Dameng Tiandong 
Guangxi) Plant 


China International Trust and Investment 
Corporation (CITIC) Dameng Tiandong 


New Materials Co., Ltd. — c 
2010 China Wuhai Mengjin Smelting ferroalloys plant expansion 120,000 = 170,000 SiMn. 


(Henan) Wuhai Mengjin Smelting Co. 144. E 
See footnotes at end of table. > 
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TABLE 10—Continued 
MANGANESE MATERIALS: PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, BY YEAREND 2014! >? 


(Metric tons, gross weight, unless otherwise specified) 


M c fM 
LEE: Incremental Total 


Ws Projected annual annual 
юн year of first Country production production 
Шор production (state/province) Project and company Project type capacity capacity Manganese product* 
"NIA 2010 India Rohit Ferro Tech Haldia Plant ferroalloys plant expansion NA 67,000 * FeMn, SiMn. 
= (Haldia, West Rohit Ferro Tech Ltd. 
yy Bengal) 
ix 2010! Namibia Otjosondu Manganese Mine mine expansion 480,000 600,000 Mn ore. 
oi (Okahandja) Purity Manganese (pty) Ltd. 
ШЕТІ 2010 — South Africa Machadodorp Ferroalloys Plant? ferroalloys plant conversion NA 75,000 | HC FeMn. 
"a (Mpumalanga) Assmang Ltd. 
йш 2010 South Africa Kalahari Manganese Mine mine expansion 1,250,000 ’ 1,500,000! Mn ore. 
(Northern Cape) | United Manganese of Kalahari 
2010 Zambia Kabasa, Kabulu, Kansambo Mines? do. NA 48,000 Do. 
(Central and Genesis Procurement Company and Luapula 


Mansa) Base Metals Ltd. 

208 Australia ^ Воот Creek Manganese Mins — do — ^  — — 159900 1000900 ве — 
(Northern) OM Holdings Ltd. 

HUI Australia Peak Hill District Manganese Mine — do — © 280008 Б 


(Western) Mineral Resources Limited 
2011 = China Eramet New Guilin Ferroalloys Plant new ferroalloys plant NA 105,000 " HC FeMn, SiMn. 
(Chongzuo, Eramet S.A. 60,000 MC FeMn, LC FeMn. 
Guangxi) 
2011 Do. Pingle (formerly Guangxi) EMM Plant new EMM plant NA 24,000 EMM. 
Guangxi Zhaohong Manganese Industry 
Co., Ltd. " 
2011 Côte d'Ivoire Lauzoua Mine new mine NA 300,000 " Mn ore. 
(Grand-Lahou) Compagnie Miniére du Littoral (CML) 
2011" — Gabon M'Bembélé Manganese Mine do. NA 1,150,000" Do. 
(Moyen- Compagnie Industrielle et Commerciale 
Ogooué) des Mines de Huazhou (CICMH) 
— 2011 афа Patmunda Manganese Mine’ mine expansion 210,000 360,000 Юо. 
(Sundargarh, Orissa Manganese and Minerals Pvt. Ltd. 
Orissa) 
К 2011 Do. Siljora Kalimati Manganese & Iron Ore do. — 129,000 ° 189,000 ° Do. 
d Mine 
| Кипра Mines Ltd. 
2011 India 10 mines do. 360,000" 1,200,000" Do. 
MOIL Ltd? 
Й 2011 Korea, Republic of Donghae Е erroalloys Plant ^ ferroalloys plant expansion 270,000 500,000 НС FeMn, MC FeMn, 
(Gangwon) Dongbu Metal Co., Ltd. LC FeMn, SiMn. 
í 2011 Korea, Republic of Gwangyang FeMn Plant new ferroalloys plant NA 75,000 MC FeMn, LC FeMn. 
р _ (South Jeolla) POS-HiMetal 
EL Ge ^ — a T ee С 
(Hidalgo) Minera Autlán Sociedad Anónima Bursátil 
па с>. de Capital Variable (SAB de CV) - 
2011 — Russia Usink Manganese Mine do. NA 300,000: Do. 
(Mezhdure- Filial Zakrytogo Aktsionernogo 
chensk, Obshchestiva (ZAO) CHEK-SU.VK V 


Kemerovo) 
о 
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TABLE 10—Continued 
MANGANESE MATERIALS: PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, BY YEAREND 2014^?? 


(Metric tons, gross weight, unless otherwise specified) 


С ЗЩҲЛҜААЁӰ$В$®ӚƏАҶЌЈ Ё С 
Incremental Total 


annual annual 


Projected 
year of first Country production production 
production (state/province) Project and company Project type capacity capacity Manganese product’ 
2011 South Africa Kalahari Manganese Mine mine expansion 600,000 2,100,000 Do. 
(Northern Cape) United Manganese of Kalahari 
20115 South Africa Kudumane Manganese Mine new mine NA 500,000 * Do. 
(North West) Asia Minerals Ltd. (AML) 
2012 Australia Nicholas Downs (formerly Balfour mine expansion 370,000 720,000 Do. 
(East Pilbara) Downs) Manganese Mine 
Mineral Resources Ltd. (5096) and 
Hancock Prospecting Pty. Ltd. (50%) 
2012“ Côte d'Ivoire Lauzoua Mine do. 200,000 500,000 По. 
| (Grand-Lahou) ^ Compagnie Minière du Littoral (CML) 
2012 China Kingray Changsha EMM Plant EMM plant expansion 30,000 40,000 EMM. 
(Hunan) Kingray New Materials Science & 
Technology Co., Ltd. 
2012 China Sinosteel Jilin Ferroalloys Plant new ferroalloys plant NA 100,000 МС FeMn, LC FeMn. 
(Jilin) Sinosteel Jilin Ferroalloy Co., Ltd. 
2012 Gabon Moanda Mine mine expansion 300,000 4,000,000 Мп ore. 
(Haut-Ogooué) ^ Compagnie Miniere de l'Ogooue | 
(Comilog) S.A. 
20127  [ndia Maithan Vizag Ferro-Alloys Plant new ferroalloys plant NA 120,000 — Mn alloys. 
(Burdwan, Maithan Alloys Limited 


West Bengal) | 
2012 India Sarda Vizag Ferroalloys Plant — do. NA 100,000 — FeMn, SiMn. 
(Andhra Pradesh) Sarda Energy & Minerals Ltd. 
Ansongo Manganese Mine new mine NA 280,000 Mn ore. 
ЕЕ ИЕ ы 


2012 Mali 
(Gao) Mali Manganese S.A. 


Siberian Mining and Metallurgical do. 
Company (SGMK) Manganese Mine’ 


Siberian Mining and Metallurgical 


Company (SGMK) 
Machadodorp Ferroalloys Plant ferroalloys plant conversion 100,000 175,000 НС FeMn. 


2012 South Africa 
Ltd. 
(Mpumalanga) Assmang | = 
2012 South Africa Kalagadi Manganese Mine " new mine-beneficiation- NA 3,000,000 Мп ore. 


(Northern Cape) Kalagadi Manganese (5076) and 
ArcelorMittal (5096) а 
Kalahari Manganese Mine mine expansion 600,000 2,700,000 0. 


2012 Do. | 
United Manganese of Kalahari Em 
Tshipi Kalahari Manganese Mine new mine NA 200,0 


2 Do. 
e Jupiter Mines Ltd. (49.9%) and 
Е 


i NA 600,000 Юо. 
2012 Russia 
(Siberia) 


sinter complex 


imbintle Mining (Pty) Ltd. (501%____________________---- 
Ntsimbin g (Pty) T = 


Wessels Mine mine expansion 500,000 


Do. | 
ЈИ BHP Billiton Ltd. (44.4%), Anglo American 
Corp. (29.6%), Ntsimbintle (9%), and o 
others (1796) ^ ae = і zm 
bi Taurian Manganese Ltd. Mines’! new mine N 
ia 
2007 em Dharni Sampda Private Ltd. Group "x 


ula) 
(Luap (formerly Taurian Resources Private Ltd.) 
t end of table. 
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TABLE 10—Continued me 
д MANGANESE MATERIALS: PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, BY YEAREND 2014” 


(Metric tons, gross weight, unless otherwise specified) 


mm Incremental Total 
i Projected annual annual 
m year of first Country production production . 
у № production (state/province) Project and company Project type capacity capacity Manganese product 
ик 2013 X Australia Groote Eylandt Mining Company Pty. Ltd. mine expansion 600,000 4,800,000 Do. 
(Northern ВНР Billiton Ltd. (60%) and Anglo 
Та Territory, Western American Corp. (40%) 
Australia) 
ЕЕ 2013" China Pingle (formerly Guangxi) EMM Plant EMM plant expansion 36,000 60,000 EMM. 
(Chongzuo, Guangxi Zhaohong Manganese Industry 
Guangxi) Co., Ltd. 
2013° China Sinosteel Jilin Ferroalloys Plant ferroalloys plant expansion 600,000 ° 1,000,000  FeMn. 
I» (Jilin) Sinosteel Jilin Ferroalloy Co., Ltd. 
2013 Gabon Moanda Metallurgical Complex new EMM and ferroalloys NA 65,000  SiMn. 
Ww (Haut-Ogooué) Compagnie Miniere de l'Ogooue plants | NA 20,000 EMM. 
(Comilog) S.A. 
2013" India Chandrapur Plant" ferroalloys plant expansion 90,000 ^ 190,000 * FeMn, SiMn. 
Wi (Bhandara, Maharashtra Elektrosmelt Ltd. 
Maharashtra) | 
rs 2013 Kazakhstan Aktobe Ferroalloys Plant —  mewfemoaloysplant ^ NA 400000 HCFR  — 
(Aktobe) Eurasian Natural Resources Corp. plc 
2013 Kazakhstan Tekeli EMM Plant new EMM plant NA 30,000 EMM. 
іш (Almaty) Electro Manganese and ThyssenKrupp AG 
2013 Malaysia Tanjung Langsat Project new ferroalloys and NA 300,000 Mn ore. 
(Johor Bahru) OM Materials (Johor) Sdn Bhd sintering plants NA 66,000 HC FeMn. 
T" 2013 Malaysia Samalaju Ferroalloys Plant? new ferroalloys plant NA 132,000 MC FeMn, LC FeMn, 
(Sarawak) Asia Minerals Ltd (AML) SiMn. 
"x 2013 Май Ansongo Manganese Mine mine expansion 270,000 550,000 Мп ore, 
(Gao) Mali Manganese S.A. 
2013" South Africa Kalagadi Coega Ferroalloys Plant do. NA 320,000 HCEFeMm. 


(Eastern Cape) Kalagadi Manganese (5094) and 


ArcelorMittal (50%) 
2013 — South Africa Tshipi Kalahari Manganese Mine do. 2,200,000 2,400,000 Мп ore 


(Northern Cape) Jupiter Mines Ltd. (49.9%) and 
аа: Ntsimbintle Mining (Pty) Ltd. (50.1%) 
2013 South Africa Kudumane Manganese Mine do. 1,000,000 — 1,500,000 Do 


(North West) Asia Minerals Ltd. (AML) 
2013 — Zambia Various mines! ^ new mine NA 250,000 Do 


(Central and Asia Minerals Ltd. (AML) 


Luapula) 
2014 Cameroon Nkamouna Cobalt-Nickel-Manganese new mine NA 62,800" Mn ore 


(Haut Nyong, East) Project 


Geovic Mining Corporation 
2014 India Balaghat and Dongri Buzurg Mines mine expansions 400,000 ^ 1,600,000* pg 


| (Balaghat, MOIL Ltd? 
Madhya Pradesh; 
Bhandara, 
| Maharashtra) 
2014 Таба Bhilai Ferro-Alloys Plant new ferroalloys plant NA 75,000  SiMn 


(Chhattisgarh МОП, Ltd (509 i 
isgarh) 9. (50%) and Steel Authority of NA 31,000  FeMn. 


eos India Ltd. (SAIL) (50%) 
See footnotes at end of table. 
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TABLE 10—Continued 
MANGANESE MATERIALS: PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, BY YEAREND 2014^ ^? 


(Metric tons, gross weight, unless otherwise specified) 


за у. у = мшш ———— РИБЕ __-_-_ Г НИ 


Incremental . Total 
Projected annual annual 
year of first Country production production 
production | (state/province) Project and company Project type capacity capacity Manganese product" 
2014 India Bobbili Ferro-Alloys Plant new ferroalloys plant NA 37,500  SiMn. 
(Visakhapat- MOIL Ltd? (50%) and Rashtriya Ispat NA 20,000  FeMn. 
nam, Andhra Nigam Ltd. (5096) 
Pradesh) 
2014 Malaysia Samalaju Ferroalloys Plant" ferroalloys plant expansion 108,000 240,000 МС FeMn, LC FeMn, 
2014 Do. Sarawak Ferroalloys Plant" new ferroalloys plant NA 300,000 51Мп. 


OM Materials (S) Pte Ltd. (8096) and 


Cahya Mata Sarawak Berhard (20%) 


2014" Май Ansongo Manganese Mine mine expansion 50,000 600,000 Ма ore. 
2014 Zambia Taurian Manganese Ltd. Mines do. 480,000 720,000 Ро. 
(Luapula) Dharni Sampda Private Ltd. Group 


(formerly Taurian Resources Private Ltd.) 


"Estimated. ‘Revised. Do., do. Ditto. NA Not available. 
!Estimated data are rounded to no more than three significant digits. 
?Projects in feasibility or later stages of development in 2010-11. Actual startup dates may be postponed, owing to economic or other factors. Additional 
projects might produce manganese materials by 2014, but not enough information was available to include them. 
3 Includes projects having the following minimum tonnage capacities: 45,000 шеше tons per year of manganese alloys or manganese оге; 
and 10,000 metric tons per year of electrolytic manganese dioxide or electrolytic manganese metal. 
^EMD Electrolytic manganese dioxide. EMM Electrolytic manganese metal. FeMn Ferromanganese. В FeMn High-carbon ferromanganese. 
LC FeMn Low-carbon ferromanganese. MC FeMn Medium-carbon ferromanganese. Mn Manganese. SiMn Silicomanganese. | 
i igh- ion by 2012. 
5A total of three ferrochromium furnaces at the Machadodorp Ferroalloys Plant will be converted to high-carbon ferromanganese production by 


&These Zambian mines are located in Kabasa (Central Province) and Kabulu and Kansambo (Laupula Province). 


iti 'nes situated in the region of Sundargarth, Orissa. 
"includes five additional manganese mines situa | | й 
Ж ју Manganese Ore (India) Ltd. (MOIL). MOIL Ltd, operates 10 mines, 6 of which are located in the Nagpur and Bhandara Districts of Марио 
den the Belaghat District of Madhya Pr adesh. The company has not specified which mines would be affected by the planned capacity expansion. 
and 4 in 


i ine wi i duce 120,000 metric tons per year of manganese 
9The Siberian Mining and Metallurgical Company (SGMK) Manganese Mine will have the capacity to produce 


concentrates from the total ore mined. : 
| i i 2.4 million metric tons per year. 

тре Kalagadi Manganese sinter plant will have a capacity of i 5 | per y | — дЫ 

d. Zambian mines are located in Kabwe and Карии Mphoshi (Central Province) and Mansa (Luap | 

bab p i th er of the Chandrapur Ferroalloys Plant when it acquired Maharashtra Elektrosmelt Ltd. on 

12<цее! Authority of India Limited (SAIL) became the new own 


on July 12, 2011. 
The Samalaju fe 
144 sia Minerals Ltd. (AML) 


Province (Mansa). | - 
i Luapula «i ferroalloys plant will also have a capacity of 300,000 metric tons per year to produce ferrosilicon. 
I*The Saraw 


rroalloys plant will also have the capacity to produce ferrosilicon. 


у . А i nje and 
has Zambian mining and prospecting licenses in the Central Province (Kabwe, Kapiri, Mkushi, Mphoshi, and Serenje) 


: ‘cations: ications. 
annual reports presentations, and press releases; unpublished personal communications, and trade publicati 
А апу М 
Sources: Comp 
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MERCURY 
By William E. Brooks 


Domestic tables were prepared by Shonta E. Osborne, statistical assistant, and the world production table was prepared by 


Glenn J. Wallace, international data coordinator. 


In 2010, no mines produced mercury as a principal product 
in the United States. The last mine to produce mercury as its 
principal product, the McDermitt Mine in northern Nevada, 
closed in 1992. However, in 2010, mercury was produced as a 
byproduct of domestic gold-silver processing, mainly in Nevada, 
and may have been produced as a byproduct of processing 
other metals. Imported byproduct mercury was processed 
domestically, and the mercury was resold. Mercury was 
produced from reclamation of mercury contained in fluorescent 
lamps and a declining supply of mercury-containing automobile 
convenience switches, batteries, dental amalgam, electronic 
waste, medical devices, and thermostats. The chlorine-caustic 
soda industry was the leading domestic user of mercury for its 
mercury-cell plants, and some of that mercury was recycled 
in-plant. Comprehensive data on domestic byproduct and 
recycled mercury production were not available. 

Since 1927, the common unit for measuring and pricing 
mercury has been the “flask,” which was set to conform to the 
historical measuring system used at Almaden, Spain (Myers, 
1951). One flask of mercury weighs 34.5 kilograms (kg), and 
] metric ton (t) of mercury contains approximately 29 flasks. 
The flask itself is a screw-top, welded-steel container that is 
approximately the size of a 2-liter bottle. 


Legislation and Government Programs 


In July 2010, the U.S. Environmental Protection Agency 
(EPA) promulgated a significant new use rule under section 5 (a) 
(2) of the Toxic Substances Control Act of 1976 for elemental 
mercury used in flow meters, natural gas manometers, and 
pyrometers, for devices in service after September 11, 2009. 
This action required manufacturers and importers to notify the 
EPA at least 90 days before beginning the technique or process 
that required the use of mercury. The notification would provide 
the EPA with the opportunity to evaluate the intended use, and 
if necessary, limit or prohibit the activity (U.S. Environmental 
Protection Agency, 20102). 

The EPA issued final rules on cutting emissions of mercury 
and particle pollution from portland cement kilns, which are a 
leading source of mercury air emissions in the United States. 
The action sets limits on mercury emissions from existing kilns, 
еа the limits for new kilns, and limits particle pollution. 

hen the fina] rules are fully implemented in 2013, the EPA 
2. that annual emissions of mercury will be reduced by 

| ie : А (U.S. Environmental Protection Agency, 2010b). 
ыры 009, the U.S. Food and Drug Administration (FDA) 
о ие dental amalgam as a moderate risk 
"di Pen levels of mercury not high enough to cause 
и ose not to require warnings. However, in response to 
Mns petitions and letters, the FDA and an advisory panel of 

© experts decided to review the existing scientific evidence 
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that resulted in the FDA's earlier pronouncement that dental 
fillings containing mercury do not cause harm to patients. The 
review was scheduled for completion in early 2011 (Zajac, 2010). 

The EPA announced that it intended to propose a rule that 
would be finalized in 2012 to reduce dental mercury waste, 
which was estimated to account for 3.7 metric tons per year 
(t/yr) of discharge. Until the rule is finalized, EPA encouraged 
dental offices to voluntarily install amalgam separators; these 
separators can capture 95% of the mercury that is discharged 
from dental offices for shipment to waste treatment plants 
(U.S. Environmental Protection Agency, 2010c). 

The Mercury Export Ban Act of 2008 (Public Law 110—414), 
also known as MEBA, prohibited sale and transfer of elemental 
mercury after January 1, 2013, and addressed long-term storage 
of elemental mercury. The three main provisions are—Federal 


agencies are prohibited from selling or distributing elemental 


mercury, including stockpiles held by the U.S. Department 

of Energy (DOE) and U.S. Department of Defense; export of 
elemental mercury is banned beginning January 1, 2013; and 
the DOE will designate one or more facilities for long-term 
management and storage of elemental mercury generated within 
the United States. However, there are exemptions to the export 
ban for essential uses, and any person residing in the United 
States may petition the EPA for an exemption. 

Electronic waste, or “e-waste,” may contain arsenic, beryllium 
mercury, and other hazardous materials. Incineration of the | 
e-waste volatilizes and sends the chemicals into the environment: 
therefore, Vermont has passed legislation designed to provide a | 
consistent and organized approach for handling of e-waste and 
make disposal in landfills illegal. Vermont solid waste districts 
took in 725 t of electronic waste in 2008 (Metal-Pages, 2010e) 

Because of a mercury spill in October from a smelter in | 
British Columbia, Canada, the EPA was engaged in a court cas 
regarding pollution and cleanup along sections of the Columbi | 
River, near the border of Washington State and Canada, The i 
company has begun an investigation to determine the а 
discharged, the cause of the spill, and the impact on the Colu bi 
River. The court case was apparently settled, with a rulin en | 
pollution was coming from old slag piles at the site and Ын | 
subject to regulation under Superfund laws (Metal-Pages, 201 

The Federal Government sued eight metal companies | EF. 
attempt to recover $7 million spent by the EPA after 2004 to 
clean up mercury at Rye Brook, NY, which was part of th ° 
Port Refinery Superfund site. The lawsuit claimed that fr й 
the 1970s until 1991, Port Refinery was engaged in refi ng 
mercury. From 1991 to 1996, the EPA began an initial 0 
of mercury at the site. In 2004, nearby residents ок ш 
0 Е. walkway. Since 2004, the EPA i 
removed 9, t of mercury-c | i 
(Metal-Pages, 2010d). 7 Contaminated soil from the s 


Using provisions from the Clean Air Act, the EPA published 
the national emissions standards for hazardous air pollutants, 
which was focused on gold-silver production facilities, the 
seventh leading source of mercury air emissions in the United 
States. The rule established mercury emissions limits for ore 
pretreatment, carbon processes with mercury retorts, carbon 
processes without mercury retorts, and noncarbon concentrate 
processes—the latter three processes separate gold from the 
ore. The EPA estimated that the rule would reduce mercury 
emissions by 0.7 t or a 77% reduction from 2007 levels 
(U.S. Environmental Protection Agency, 2010d). The new 
regulations permit only 38 kg of mercury emissions for every 
1 million metric tons (Mt) of ore processed, whereas existing 
plants now produce approximately 59 kg of mercury emissions 
per 1 Mt of ore. The regulations affect mines in Alaska, 
Colorado, Montana, Nevada, and Washington (Kosich, 2010). 

Research by the U.S. Department of Agriculture has shown 
that in laboratory experiments, activated carbon made from 
chicken and turkey litter manure removed the majority of 
elemental mercury from a hot air stream. The quantity of poultry 
manure produced annually is large, and these sorbent studies 
may be applicable to the reduction of mercury emissions from 
air, coal-fired powerplants, and natural gas (Klasson and others, 
2009). E 
The U.S. Geological Survey conducted field studies in the 
South Yuba River in the western part of the Sierra Nevada 
Mountains, CA. The area is contaminated with тегсигу 
that was released during placer gold-silver mining that took 
place from the mid-1800s until the early 1900s. Resource | 
managers and stakeholders in the region were concerned with 
the remobilization of the mercury from the sediments, its 


chemical form, potential for methylmercury production, and 
n downstream environments. 


bioaccumulation of mercury | | | 
Fine-grained sediments contained the highest concentration 
of mercury and those fine grained sediments were susceptible 


to long-range transport and elevated mercury content in 
the downstream environment (Fleck and others, 2011; 


"n DiPasquale and others, 2011). | 
М Dub Stockpile (NDS) held an inventory of 
4.436 t of mercury at several sites In the United States. Mercury 
sales from the NDS were suspended in 1994 in response to 
- onmental concerns. In 2004, the Defense Logistics Agency, 
С R Materials (DLA) indicated that the mercury would 
менна? at one site іп Nevada (Joseph Johnson, specialist, 
Logistics Agency, written commun., April 30, 2004). The 
erra 1.329 t of mercury in storage facilities in Oak Ridge, TN. 


Production 
was produced at several precious 
In 2010, ARES о from foreign sources. 
metals a aratus Co. Inc. (Bethlehem, PA) processed and 
ише" for resale. Data on the amount of byproduct 
refined mercury d in the United States were not available. | 
тегсигу produce a principal product in the United 


mined as 
Mercury ағы the McDermitt Mine in Nevada closed. 
States sin , 
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Consumption 


In 2010, less than 100 t of mercury was consumed 
domestically. Domestic mercury consumption was broadly 
estimated to be about 50% for chlorine-caustic soda 
manufacture and 50% for other uses (Brooks and Matos, 2005, 
р. 3). Compact fluorescent lamps (CFLs), which contain 3 to 5 
milligrams (mg) of mercury, were promoted as alternatives to 
standard fluorescent lamps (Von Ahn, 2007). 

Global human health and environmental concerns about 
mercury have caused a decline in mercury purchases by the 
chlorine-caustic soda industry as well as an overall market 
shift in the chlorine-caustic soda industry from mercury cell 
technology toward nonmercury chlorine production technology. 
Since 1995, total annual mercury used by the industry has been 
reduced by 97%. In 1996, there were 14 operating mercury cell 
plants in the United States. Only four mercury-cell facilities 
were in operation in the United States at yearend 2009; these 
included mercury-cell facilities in Georgia, Ohio, Tennessee, 
and West Virginia (Lydersen, 2009). Mercury use at yearend 
2008 was 4 t and mercury purchases were 1.2 t; however, 
mercury purchases do not equate to mercury use owing to 
process upgrades and longer piping runs that require more 
mercury. Аз mercury-cell plants close around the world, that 
mercury, as well as mercury from remediation of the plant 
facilities and soil, will become available for recycling and sale. 

Owing to the concern over the environmental impact of 
mercury, a stabilization process has been developed and — 
patented in the United States (U.S. Patent No. 7,691,361). This 
process converts mercury into a high-purity mercury sulfide 
with the same physical and chemical characteristics of naturally 
occurring cinnabar. The mercury sulfide is then blended with 
polymers resulting in a red, 7 millimeter (mm) x 7 mm pellet 
that is suitable for land disposal. This product is currently 
acceptable for disposal in landfills in Canada and awaits 
certification from the EPA for disposal in the United States 
(Bethlehem Apparatus Co., Inc., undated). 


Recycling 


Mercury was reclaimed from end-of-service automobile 
convenience switches, dental amalgam, fluorescent lamps, 
laboratory and medical devices, mercury contaminated waste, 
and thermostats in 2010. The voluntary National Vehicle " 
Mercury Switch Recovery Program (NVMSRP) was jin 
2006 by the EPA to stop toxic emissions of mercury W | : 
are scrapped and then melted to make new steel. en 
through 2009, the NVMSRP was supported by paym m 
dismantlers from the auto and steel industries. Му el 
much as $4 per switch, and the cumulative amour. E i 
kept out of furnaces was 3 t (Schaffer, 2009). Funding tor! 


| ; ayments WI 
program was depleted in хоби р bs or that have а 


continue in States where they are require po m 
State-funded program (U.5. Environmental i M 807 
undated). In 2010, 630 kg of mercury was recover consti 
631.000 switches. These switches and other тегс 
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materials were treated in multistep high-temperature retorts 
in which the mercury was first volatilized and then condensed 
for purification and sale (Brooks and Matos, 2005, p. 1). The 
NVMSRP was scheduled to continue until 2017. | 

The Energy Independence and Security Act of 2007 (Public 
Law 110-140) included a ban on the sale of incandescent 


3 bulbs by 2014 and added CFLs, which contain 3 to 5 mg of 


mercury, to the list of recyclable products. Lamp manufacturers 
and recyclers encouraged consumers to return the used CFLs 
for recycling by providing shipping materials or collection 
programs (National Electrical Manufacturers Association, 

2008). All CFLs contain mercury; however, newer CFLs may 


’ contain 80% less mercury than earlier models (Caplan, 2009). 


In September 2010, the last major factory in the United States to 
make incandescent light bulbs closed (Whoriskey, 2010). 
Byproduct mercury from domestic and foreign sources 


| and mercury reclaimed from end-of-service products were 
"^ processed or recycled іп the United States and then sold into 


the international metals market. No data were available on the 


* amount of mercury recycled from these respective sources. 


In 2010, the major companies that recycled mercury included 


: AERC.com, Inc., Allentown, PA; Bethlehem Apparatus Co., 


Inc., Bethlehem, PA; Clean Harbors Environmental Services, 
Inc., Braintree, MA; D.F. Goldsmith Chemical and Metal Corp., 


1 Evanston, IL; Onyx Environmental Services, Lombard, IL; 


and WM Mercury Waste, Inc., Union Grove, WI. Benivia LLC 
(Atlanta, GA) maintained a list of companies whose role was 
mainly collection of mercury-containing materials that would 
ultimately be moved on to the larger companies for reclamation 
ofthe mercury (Benivia LLC, undated). 

In 2010, Thermostat Recycling Corp. (TRC) (Rosslyn, 
VA) announced a 28% increase in its overall thermostat 
collections. More than 700 new collection locations were added 
in 2010, and collection points included heating, ventilation, 
and air conditioning (HVAC) contractors and distributors, 
local governments, and retailers. Nearly 1 t of mercury was 
collected during the year. TRC collection sites in Maryland, 
California, Florida, and Pennsylvania were the leading States in 
the recovery of 175 kg, 85 kg, 60 kg, and 45 kg, respectively. 


, Individual thermostats may contain 2.5 to 10 grams of mercury 
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. (Thermostat Recycling Corp., 2011). 


Prices 


The average domestic price of mercury was $1,075 per 
flask in 2010. The price quoted in Platts Metals Week began 
the year at $600 per flask in January and steadily rose to 
51,950 per flask in December, a 325% increase. There was 
resistance from buyers but demand remained strong through 
the summer, particularly from countries where the mercury 
e used to produce gold from small-scale or artisanal mining 
а Journal, 20105). Increased gold prices in 2010, 
1. 51,200 per troy ounce, resulted in an increase in the 
si а for mercury for small-scale gold mining. For 
in = son, In 2000-03, the average price of gold was $310 
dh oe and the average price of mercury was $140 per 
E | e of mercury is also affected by a diminished 

Dp!y of mercury from recycled mercury-containing products, 
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fluctuations in imports of byproduct mercury, and fluctuations 11 
production of domestic byproduct mercury. | 

Although the chloralkali and battery industries continue to 
switch to nonmercury technology, availability of mercury for 
small-scale gold mining will not increase because of the effect 
of the U.S. mercury export ban and the European export ban that 
is to take effect in March 2011. However, if rumors of resumed 
Chinese mercury production are true, then prices may stabilize 
(Mining Journal, 20102). 


Foreign Trade 


In 2010, mercury imports totaled 294 t and exports totaled 
459 t. Chile (176 t) and Peru (102 t) were the leading sources 
of imported mercury, which was produced as a byproduct of 
large-scale precious metals mining. The Netherlands (295 
t), Peru (38 t), and Vietnam (36 t) were the principal export 
destinations for mercury in 2010. Mercury exported to the 
Netherlands may be held in warehouses for sale and later 
shipment to other destinations. Mercury imports in 2010 were 
43% more than those in 2009. Imports of mercury may vary 
from year to year, possibly owing to stockpiling of byproduct 
mercury produced at foreign precious metals smelters before 
shipment or upon closure of chlorine-caustic soda plants. 

In 2010, a total of 23 t of amalgam was imported into the 
United States. This material is defined as mercury with one or 
more metals and may include mercury-containing caustic soda 
waste. Principal amalgam source countries were Bolivia (9 t), 
Germany (4 t), and the United Kingdom (4 t). A total of 203 t 
of amalgam was exported from the United States and principal 
destinations included Canada (32 t), Peru (29 t), Denmark (21 t) 
and Mexico (19 t). | 


World Review 


In 2010, world mercury mine production was estimated to be 
2,250 t. China (1,600 t) and Kyrgyzstan (250 t) were the world's 
leading producers of mercury while Chile (176 t) and Peru 
(102 t) were the leading producers of byproduct mercury 
World production estimates have a high degree of uncertainty 
because most companies and countries may not report 
primary, byproduct, or secondary production data owing to 
environmental and health concerns. Quantities may appear 
erratic from year to year because of stockpiling of sufficient 
mercury for shipment. 

European Union.—Euro Chlor (Brussels, Belgium) 
representing the European chlorine-caustic soda industry took 
great interest in implementation of EU Regulation 1102/2008 
jai iun ban on exports of mercury, certain mercury 
compounds, and safe storage of mercury. | iti 
Euro Chlor affirmed that permanent Munt 
facilities already exist and that storage of the mercu E 
sealed containers in salt mines is considered the us i 
Stabilization of mercury has been developed at a labor К 
scale; however, Euro Chlor indicated that there is no ied 
technology to convert mercury into another form Eut 
2010b). Euro Chlor continued to implement a volunt R 
agreement on phasing out mercury cell technology 55. 
has met the requirement that quantities of mercury ME 

ali 
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sites have to be reported by May 31, 2010. Several European 
plants have closed; however, European chloralkali producers 
still have 8,200 t of mercury in 14 countries (Euro Chlor, 
2010c). When the EU export ban takes place on March 15, 2011, 
mercury sent to temporary or permanent facilities was expected 
to be reported (Euro Chlor, 20102). 
China.—In 2010, China was the world's leading producer 
of mercury. According to a draft plan released by the China 
Nonferrous Metals Industry Association, China will restrain 
production of 10 nonferrous metals, including mercury, to less 
than 41 Mt t by 2015 (Metal-Pages, 20104). 
Colombia.—Colombia was one of the world's leading users 
of mercury for small-scale gold (silver-platinum) production. 
From 10 to 20 t/yr of gold are produced from Colombia's 
small-scale mines and from 50 to 100 t of mercury may be 
emitted to the atmosphere when the mercury-gold amalgam is 
burned to volatilize the mercury and recover the precious metals 
(Metal-Pages, 2010b). High levels of mercury have been found in 
five species of fish from Buenaventura Bay, which is Colombia's 
largest Pacific port. This raised health and environmental concerns 
because the mercury appeared related to runoff from the Dagua 
River, where small-scale gold mining takes place (Los Angeles 
Times, The, 2010). The United Nations presented its Supporting 
Entrepreneurs for Sustainable Development prize to small-scale 
miners in Choco, in western Colombia, for nonmercury 
production of gold, or “green gold” (El Tiempo, 201 0). 
Laos.—Small-scale gold mining is widespread in Laos. 
Because much of the mining was illicit and unregulated, 
mercury contamination was suspected in much of the country. 
Mining was thought to take place 1n every Province, but Xieng 
Khouang, Vientiane, and Luang Prabang Provinces have the 
most gold mines (Earth Times, 2010). | | | 
Mexico.—Mercury reserves їп Mexico were esümate to 
be 26,900 t, including mercury contained in tailings from 
operations during colonial time (14,900 t) and primary ae 
deposits (11,700 t). Small-scale mercury production жш у 
took place near Sierra Gorda, where as many as 200 sma : 
mines operated at San Felipe de Mercurio. Mexico has ee 
mercury from Peru and exported mercury to Argentina, Brazil, 
Colombia, and Peru (Castro Diaz, 2008, p. 9). 
Peru.—In 2010, 102 t of byproduct mercury from Peru’s 
large-scale gold-silver mines was recovered and shipped to the 
United States for processing, resale, and shipment to metals А 
dealers in Europe. Much of that mercury was ultimately resol 
into the global market to be used for small-scale gold mining, 
chlorine-caustic soda production, and dental amalgam. | 
Mercury is used widely in Peru for small-scale gold mining, 
and implementations of recommendations from a field study 
by the EPA and Argonne National Laboratory (Argonne, IL) 
led to reduction of mercury emissions from the gold shops 
where the amalgam was burned (Habegger and others, 2008, 
p. 9). As a result of these studies, efforts have been made to 
address and formalize small-scale mining Issues (Caretas Peru, 
2010; El Peruano, 20106). Because of environmental impact 
and human health concerns, the Government of Peru passed 
legislation (Decreto de Urgencia, No. 012-2010) that suspended 
permits for new mining concessions, defined areas prohibited 
for mining, addressed recovery of affected areas, and prohibited 
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the use of gold dredges in the rivers (El Peruano, 20108), In 
2010, small-scale gold mining produced 16 to 18 t of gold and 
generated $850 million in Madre de Dios, the most well-known 
of the 13 small-scale gold mining regions of Peru, and 450 tof 
mercury was lost to the environment (El Comercio, 2011). 

Philippines.—Mercury was also used in the Philippines for 
small-scale gold mining and the Government, with support 
from the United Nations Environment Programme, formulated 
a National Strategic Plan focused on use and emissions of 
mercury, mining and production of gold, and the human health 
and environmental implications (Ban Toxics, 2010). 


Outlook 


Global mercury use is expected to decline with the exception 
of mercury used in the CFL industry and in small-scale gold 
mining. If gold prices continue to rise, these increased prices are 
likely to cause increased demand for mercury in the small-scale 
gold mining industry. Rising gold prices may also result in 
increased artisanal mercury production, increased recycling 
of mercury-containing tailings, and reopening of abandoned 
mercury mines to provide mercury for small-scale gold mining. 
The increased gold prices may also stimulate gold exploration, 
resulting in the opening of new large-scale mines. This, in tum, 
would result in continued byproduct mercury production from 
the processing of precious metals ores from the large-scale 
mines. Worldwide mercury prices may also rise, especially 
given the upcoming ban on mercury exports from the European 
Union in 2011 and from the United States in 2013. 

Gallium alloys may provide nontoxic substitutes for mercury 
in a wide variety of applications that include electrical switches, 
liquid mirror telescopes, pumps, and sensors. Gallium can 
be alloyed with a variety of metals that include silver, gold, 
lead, cesium, and tin (Taylor and Rancort, 1998). Specifically, 
galinstan, an alloy of gallium, indium, and tin, is liquid at room 
temperatures and, owing to the low toxicity of its component 
metals, is a replacement for mercury. Owing to its higher 
reflectivity and lower density than mercury, galistan is being 
considered as a replacement for mercury in liquid mirror 
telescopes for astronomy. Mercury-containing dental uu 
which is less aesthetically pleasing, has declined in use, replace 
by ceramic material with a more natural appearance. Closure 
of mercury cell chlorine-caustic soda production facilities : 
worldwide, owing to pressure from international envios 
and health organizations, was expected to result in release 0 


‚ or Storage. 


large quantities of mercury for disposal, Piu idi 
mercury cell chlorine- ; 
Recycled mercury from ry Сенс and fori 


plants, byproduct mercury recovered from don d in the NDS 
precious metals operations, and mercury oe : estic needs: 
are expected to be more than adequate шег 
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(Metric tons unless otherwise specified) 


eee : 
2006 2007 2008 
United States: 
Secondary production, industrial NA Е МА МА 
Imports for consumption 94 67 155 
. Imports tor СОПЗШРИГ_________________------—-—- 
Exports 390 84 732 
^ Industry stocks, yearend:? 19 18 24 
. Industry stocks, убал 
Chloralkali 17 16 20 
Other 2 2 4 
Industrial consumption 38 31 NA 
Price, average, free market! dollars per flask 670 530 й 600 
1,150 1,200 1,820 à 


World, mine production 
*Estimated. "Revised. NA Not available. 


!Data are rounded to no more than three significant digits, except prices. 


2 tocks at consumer and dealers only. 
Source: Platts Metal Week. 


TABLE 2 
U.S. IMPORTS AND EXPORTS OF MERCURY, BY COUNTRY! 


2010 


2009 
Quantity, Quantity, 
gross weight Value gross weight 
Country (metric tons) (thousands) (metric tons) 
Imports: 
quem _ 5 $24 4 
Chie 88 195 176 
Germany 14 970 11 
Реги 92 104 102 
Russia 7 42 =: 
Other (2) " | 13" Е | 
Total 206 1,350 
Exports: 
Australia 21 340 31 
Colombia 4 75 -- 
Guatemala — — — 1. 13 123 -- 
“Guyana. 22. 4 15 16 
mae ~ 107 1,280 14 
Netherlands 414 5,560 295 
реш 110 1,580 38 
Sin gapore 16 261 -- 
Vietnam ra 41 605 36 
i Other tae 23 ANN 414 } 29 
Ecc DS А | 753 10,300 | 459 


‘Revised. -- Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


*Less than / unit. 
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2009 2010 
NA МА 
206 294 
753 Я = 9 
30 30* 
27 27° 
E T 
NA NÀ | 
610 : 1,076 __ 
1,960 ' 2250* 
Value 
(thousands) 
$17 
389 
779 
102 
2% 
1,290 
515 
326 
229 
4,080 
818 
615 
242 
| 6,830 
URVEY MINERALS ҮР | 
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MERCURY.—2010 


U.S. IMPORTS AND EXPORTS OF AMALGAMS! OF PRECIOUS METALS, 
WHETHER OR NOT CHEMICALLY DEFINED, BY COUNTRY? 


Country 


Imports: 
Argentina 
Bolivia 
Germany 
Mexico 


United Kingdom 


Other 
Total 
Exports: 
Canada 
. China 
Denmark 
France 
Germany 
Hong Kong 
India 
Japan 


__ Korea, Republic of 


Mexico 
Netherlands 


Peru 


Singapore 


Taiwan 
Thailand 


————————M—————— 


United Kingdom 
Other 


"Revised. -- Zero. 


TABLE 3 


"An alloy of mercury with one or more other metals. 
*Data are rounded to no more than three significant digits; may not add to totals shown. 


?Less than '4 unit. 


2009 
Quantity, 
gross weight Value 
(metric tons) (thousands) 
1 $12,200 
4 7,220 
3 6,130 
2 2,910 
4" 2,810! 
14 31,300 
12 2,940 
15 52,200 
(3) 14 
| 6,360 
11 14,200 
20 1,370 
6 17,300 
16 25,100 
5 5,460 
18 27,900 
14 22,700 
(3) 21 
3 4,010 
1 14,000 
] 6,570 
4 4,950 
26 ' 33,000 * 
154 238,000 


Quantity, 


2010 


gross weight 
(metric tons) 


203 


Value 


(thousands) 


$23,100 
14,400 
7,150 
4,830 
13,700 
6,730 
70,000 


7,700 
39,200 
69 
8,890 
14,800 
495 
54,600 
3,120 
14,300 
4,170 
8,260 
120 
7,240 
17,700 
60,600 
9,440 
22,800 
274,000 


48.7 


48.8 


TABLE 4 


MERCURY: WORLD MINE PRODUCTION, BY COUNTRY "^" 


*Estimated. 'Revised. NA Not available. 
! World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


?Table includes data available through April 20, 2011. 


(Metric tons) 


Country 2006 2007 
Chile ЕЕ NA NA 
China* 760 800 
Finland 20 20 
Kyrgyzstan 250 250 
Mexico* 8 8 
Morocco 10 10 

Peru, exports" 22 34 * 
Russia“ 50 50 
Spain NA NA 
Tajikistan? 30 30 
United States" NA NA 
Total 1,150 1,200 


МА 
EMT 5 


Canada is thought to produce byproduct mercury, but information on its production is inadequate to make reliable 


estimates. 
^Byproduct mercury. 


2009 2010: 
88 176 
1,400 1,600 
15 15 
250 250 
21 21 

10 10 
92! 102 

50 50 
МА МА 
30 30 
МА МА 
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| Mica production increased іп 2010 compared with that of 
32009. In 2010, production of scrap and flake mica in the United 
-States increased to 53,000 metric tons (t); this was more than 
13% higher than that of 2009 (tables 1, 2). The quantity of 

t ground mica sold or used by producers decreased sli ghtly to 

+ about 75,600 t valued at $22.8 million (tables 1, 3). Essentially 
all sheet mica used in the United States was imported, and 
‘China, Brazil, Belgium, Austria, and Germany, in decreasing 

V order by quantity, were the major suppliers (table 11). In 2010, 


3 consumption of muscovite block mica in the United States was 


0.91 t, a decrease of 16% compared with that of 2009 
(tables 1, 4). Consumption of mica splittings increased to 275 t 
in 2010 from 266 t (revised) in 2009 (tables 1, 5). Worked and 
unworked sheet mica exports decreased to 933 t in 2010 from 
1,120 t in 2009, and the value increased to $16.1 million in 2010 
from $15.7 million in 2009 (table 12). U.S. imports of worked 
and unworked sheet mica increased to 1,980 t in 2010 from 
1,500 t in 2009, and the value increased to $16.4 million in 2010 
from $14.5 million in 2009 (table 12). 

The mica group represents 37 phyllosilicate minerals that 
have a layered or platy texture (Rieder and others, 1998, 
p. 43-45). The commercially important micas are muscovite and 
phlogopite, which are used іп a variety of applications. Mica’s 
Value is based on several of its unique physical properties. The 
crystalline structure of mica forms layers that can be split or 
delaminated into thin sheets. These sheets are chemically inert, 
dielectric, elastic, flexible, hydrophilic, insulating, lightweight, 
platy, reflective, refractive, resilient, and range in opacity 
from transparent to opaque. Mica is stable when exposed to 
electricity, light, moisture, and extreme temperatures. Mica has 
Superior electrica] properties as an insulator and as a dielectric. 
К can support an electrostatic field while dissipating minimal 
energy in the form of heat, can be split very thin (0.025 to 0.125 
millimeter) while maintaining its electrical properties, has a high 
dielectric breakdown, is thermally stable to 500 °C, and has 
согопа resistance, Muscovite is the principal mica used by 
the electrical industry and is used in capacitors that are ideal 
for high frequency and radio frequency. Phlogopite mica 
remains stable at higher temperatures (to 900 °С) and is used in 
applications in which a combination of high-heat stability and 
electrical Properties are required. Muscovite and phlogopite are 
used in sheet and ground forms. 


Production 


Domestic mine production data for mica are developed by the 
US. Geological Survey from four separate voluntary surveys. 
Of the 12 operations to which the “Crude Scrap and Flake 

ica Production” (including sericite production) survey form 
Was Sent, 6 operations responded and 1 was closed. Of the 11 
Operations to which the “Ground Mica” (excluding low-grade 
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Domestic survey data and tables were prepared by Rym Ferahtia, statistical assistant, and the world production table was 


ground sericite production) form was sent, 2 operations 
responded and 1 was closed. Of the five surveyed operations to 
which the “Mica Block and Film Consumption” form was sent, 
two operations responded. Of the nine surveyed operations to 
which the “Mica Splittings Consumption” form was sent, three 
operations responded. Consumption for the nonrespondents was 
estimated using prior-year production data. Individual company 
production and consumption data are withheld to avoid 
disclosing company proprietary data. 

Scrap and Flake Mica.—In 2010, eight companies with eight 

mines in four States produced scrap and flake mica, excluding 
low-grade sericite. The United States was one of the world’s 
principal producers, with production of about 53,000 t (tables 
1, 2, 13). The producing States were, in descending order, 
South Dakota, North Carolina, Georgia, and Alabama. Mica 
was recovered from mica schist, high-quality sericite schist, 
weathered pegmatites, gemstone pegmatite (sheet only), and 
as a coproduct of feldspar and kaolin mining and processing 
operations. 

Ground Mica.—In 2010, six companies operated nine 
grinding plants in three States; six plants produced dry-ground 
mica, and three produced wet-ground mica. 

Dry-ground mica producers were Georgia Industrial Minerals, 
Inc. in Georgia, Pacer Corp. in South Dakota, and Kings 
Mountain Mining LLC, Piedmont Minerals Corp., and United 
States Gypsum Co. (a subsidiary of USG Corp.) in North 
Carolina. 

Wet-ground mica producers were BASF Corp and Georgia 
Industrial Minerals, Inc. in Georgia and Kings Mountain Mining 
LLC in North Carolina. 

Sheet Mica.—Sheet mica was produced as a byproduct from 
one mine in 2010. Small quantities of muscovite sheet and scrap 
mica were produced as a byproduct by Morefield Gem Mine, 
Inc. in Amelia County, VA. The pegmatite was mined primarily 
for gemstones and mineral specimens using underground 
methods. The mine also produced biotite and zinnwaldite mica 


for collectors. 
Consumption 


Ground Mica.—The leading domestic use of dry-ground 
mica was in joint compound for filling and finishing seams 
and blemishes in gypsum wallboard (drywall) (table 3). The 
mica acts as a filler and extender, provides smooth consistency, 
improves the workability of the compound, and provides 
resistance to cracking. In 2010, joint compound accounted for 
75% of dry-ground mica consumption. 

In the paint industry, ground mica is used as a pigment extender 
that also facilitates suspension, reduces chalking, prevents 
shrinking and shearing of the paint film, increases resistance of 
the paint film to water penetration and weathering, and brightens 
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the tone of colored pigments. Mica also promotes paint adhesion 
in aqueous and oleoresinous formulations. Consumption in paint 
accounted for 3% of the dry-ground mica used in 2010. 

Ground mica is used in the well-drilling industry as an 
additive to drilling muds. The coarsely ground mica flakes help 
prevent the loss of circulation by sealing porous sections of the 
drill hole. The monthly U.S. drill rig count has increased every 
month since July 2009. The average monthly drill rig count for 
2010 was 1,541 or 455 operating rigs more than the average 
of 2009 but 339 less than the average of 2008 (Baker Hughes, 
2011). Well drilling muds accounted for 1196 of dry-ground 
mica use in 2010, a 3196 increase compared with that of the 
previous year (table 3). 

The plastics industry used dry-ground mica as an extender 
and filler, especially in parts for automobiles as lightweight 
insulation to suppress sound and vibration. Mica is used in 
plastic automobile fascia and fenders as a reinforcing material, 
providing improved mechanical properties and increased 
dimensional stability, stiffness, and strength. Mica-reinforced 
plastics also have high-heat dimensional stability, reduced. 
warpage, and the best surface properties of any filled plastic | 
composite. In 2010, consumption of dry-ground mica in plastic 
applications accounted for 396 of the market. | 

The rubber industry used ground mica as an шей filler and 
mold release compound in the manufacture of molded rubber 
products, such as tires and roofing. The platy texture acts as 
an antiblocking, antisticking agent. Asa rubber additive, mica 
reduces gas permeation and improves resiliency. 

Dry-ground mica is used in the production of rolled roofing 
and asphalt shingles, where it serves as a surface coating 
to prevent sticking of adjacent surfaces. The coating is ao 
absorbed by freshly manufactured roofing because mica’s 
platy structure is unaffected by the acid in asphalt or by 
weather conditions. Mica is used in decorative coatings on 
wallpaper, concrete, stucco, and tile surfaces. It also is used as 
an ingredient in flux coatings on welding rods, in some special 
greases, and as coatings for core and mold release compounds, 
facing agents, and mold washes in foundry applications. 

Dry-ground phlogopite mica is used in automotive brake 
linings and clutch plates to reduce noise and vibration (asbestos 
substitute); as sound-absorbing insulation for coatings and 
polymer systems; in reinforcing additives for polymers to 
increase strength and stiffness and to improve stability to heat, 
chemicals, and ultraviolet (UV) radiation; in heat shields and 
temperature insulation; in industrial coating additive to decrease 
the permeability of moisture and hydrocarbons; and in polar 
polymer formulations to increase the strength of epoxies, 
nylons, and polyesters. 

Wet-ground mica, which retains the brilliancy of its cleavage 
faces, is used primarily in pearlescent paints by the automotive 
industry. In the cosmetics industry, its reflective and refractive 
properties make mica an important ingredient in blushes, 
eyeliner, eyeshadow, foundation, hair and body glitter, lipstick, 
lip gloss, mascara, moisturizing lotions, and nail polish. Mica is 
added to latex balloons to provide a colored shiny surface. 

Natural mica is used by the Taos and Picuris Pueblos Indians 
in north-central New Mexico to make pottery. The pottery is 
made from weathered pre-Cambrian mica schist and has flecks 
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of mica throughout the vessels. Tewa Pueblo pottery is made by 
coating the clay with mica to provide а dense-glittery micaceou 
finish over the entire object. 

Built-Up Mica.—Muscovite and phlogopite splittings 
were fabricated into various built-up mica products by seven 
companies that operated seven plants in five States. Produced 
by mechanized or hand setting of overlapping splittings and 
alternate layers of binders and splittings, built-up mica is used 
primarily as an electrical insulation material. Mica insulation 
is used in high-temperature and fire-resistant power cable in 
aluminum plants, blast furnaces, critical wiring circuits (for 
example, defense systems, fire and security alarm systems, 
and surveillance systems), heaters and boilers, lumber kilns, 
metal smelters, and tanks and furnace wiring. Specific 
high-temperature mica-insulated wire and cable is rated to work 
for up to 15 minutes in molten aluminum, glass, and steel, Major 
products are bonding materials; flexible, heater, molding, and 
segment plates; mica paper; and tape (table 6). 

Flexible plate (cold) is used in electric motor and generator 
armatures, field coil insulation, and magnet and commutator 
core insulation. In 2010, mica consumption in flexible plate was 
an estimated 16 t, or a decrease of 7% compared with that of 
2009 (table 6). 

Heater plate is used where high-temperature insulation is 
required. Consumption of heater plate mica increased by Ji 
2010 compared with that of 2009 (table 6). 

Molding plate is sheet mica from which V-rings are cut and 
stamped for use in insulating the copper segments from the std 
shaft ends of a commutator. Molding plate is also fabricated into 
tubes and rings for insulation in armatures, motor starters, and 
transformers. Consumption for molding plate increased by 5% 
to an estimated 45 t in 2010 (table 6). 

Segment plate acts as insulation between the copper Р 
commutator segments of direct-current universal motors an 
generators. Phlogopite built-up mica is preferred because 
it wears at the same rate as the copper segments. Although 
muscovite has a greater resistance to Wear, it causes uneven 
ridges that may interfere with the operation of a n | 
generator. Consumption of segment plate was estim 
about 147 t in 2010 (table 6). 

Some types of built-up mica have the bon | 
reinforced with cloth, glass, linen, muslin, plastic vd 

| | мегу flexible and агер 
special paper. These products are Г) hipped, rolled, of 
in wide, continuous sheets that are either $ ШЕ pension 
cut into ribbons or tapes, ог trimmed to ч usd or reinforced "Y 
Built-up mica products may also be corrug 
multiple layering. 
In 2010, the total amoun 


or shipped was estimated to be Е 
molding plate were the major end p |v (table 6) " 
52% and 16% of the total, resp oe i Primary 15% for p 
Mica Paper (Reconstituted M ica). mica. Five 00 pan 
paper are the same as those for АЕА e. - 
~ C : 
consumed scrap mica to produc _ га | source of the S le 
insulation applications. The р anie were АЗ!" се, 
acturing © · потопа 
India. In 2010, the manufac д: Сог aut 


ews, 
* ewport ; отр» 
Schoonmaker Mica Со., N И US Samica 


West Townsend, MA; Isovo 


ded splittings 
. silk, ог 


i nsumed 
t of built-up mica that was = : 
about 283 t. Segment p 

s and accounte 
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| Teva Pai VT; Spruce Pine Mica Co., Spruce Pine, NC; and Tar Heel Mica 


Tonite Co., Inc., Plumtree, NC. 


Sheet Mica. —Sheet mica is used principally in the electronics 


"inii and electrical industries. Its usefulness in these applications 
Lipo is derived from its unique electrical and thermal insulating 
lan ay properties and its mechanical properties, which allow it to be 
otii cut, punched, stamped, and machined to close tolerances. 
ШТА The leading use of block mica is as an electrical insulator in 
її electronics equipment. High-quality block mica is processed to 
[remitte line the gauge glasses of high-pressure steam boilers because of 
йй: its flexibility, transparency, and resistance to heat and chemical 
шуй: attack. Other uses include diaphragms for oxygen-breathing 
saikine equipment, marker dials for navigation compasses, optical 
wenig filters, pyrometers, retardation plates in helium-neon lasers, 
viraka thermal regulators, and stove and kerosene heater windows. 
ши Specialized applications for sheet mica are found in aerospace 
өші components in air-, ground-, and sea-launched missile systems, 
pni. laser devices, medical electronics, optical instrumentation, radar 
їл Systems, radiation detector windows that are transparent to alpha 
ішиші emissions (Geiger-Mueller tubes), and for radiation treatment. 
wp; Only high-quality muscovite film mica, which is variously 
7 agg called India ruby mica or ruby muscovite mica, is used as a 
dielectric in capacitors. The highest quality mica film is used to 

ai manufacture capacitors for calibration standards. The next lower 
шй grade is used in transmitting capacitors. Receiving capacitors 
ің 25 2 Slightly lower grade of hi gh-quality muscovite. 
КТІ Іп 2010, fabrication of ruby and nonruby muscovite block 

у Consumed 0.91 t, about а 16% decrease from that consumed in 
ji 2009 (table 4). Stained and lower-than-stained quality muscovite 
ana remained in greatest demand and accounted for about 59% of 
е consumption of ruby and nonruby mica block. Consumption of 
“ повгађу mica block was 63% for stained and lower-than-stained 
nats Quality and 37% for good quality. 
uii In 2010, mica splittings represented the largest part of the 
i Sheet mica industry in the United States. Consumption of 
шй USCovite and phlogopite splittings increased slightly to an 
M estimated 275 tin 2010 (table 5). Muscovite splittings from 
a India accounted for essentially all domestic consumption. The 
a remainder was imported from China, Romania, and Japan. 


Stocks 
ие 
p 2010, reported yearend industry stocks of muscovite mica 
it? block (ruby and nonruby) were unchanged at 12.8 t. Industry 
Ж Stocks of muscovite and phlogopite mica splittings at an estimated 
n 79 t were about 7% less than the previous year's level (table 5). 


] 


) 
y Prices 


it 


«ett 
02 Sheet mica 


f prices vary with grade and can range from less 
ІР than $1 


у >1 per kilogram for low-quality mica to more than $2,000 
Per kilogram for the highest quality. The estimated average 
E Values of mica block and splittings consumed in the United 
ji States in 2010 were as follows—muscovite block (ruby and 
г nonruby) was $130 рег kilogram and muscovite and phlogopite 
б splittings were $1 53 per kilogram (tables 1, 5). Phlogopite 
## block was $117 per kilogram and phlogopite splittings were $15 
# per kilogram. 
i 
ji 
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In 2010, the average U.S. value of scrap and flake mica, which 
included high-quality sericite, was estimated to be $137 per metric 
ton (table 2). The average value for North Carolina flake mica was 
estimated to be $184 per ton. The average value of dry-ground 
mica was estimated to be $285 per ton, and the average value of 
wet-ground mica was estimated to be $700 per ton (table 1). 


Foreign Trade 


The value of U.S. exports of mica decreased by 6% to $24.7 
million, and the quantity decreased by 1996 to 7,410 t (table 12). 
Domestic ground mica (powder) exports decreased to 
5,550 t, a decrease of 7% from that of 2009 (table 12). Ground 
mica exports decreased in value to $8.2 million in 2010 from 
$8.9 million in 2009. Exports of crude and rifted mica decreased 
by 58% to 291 t in 2010 from 688 t in 2009 (table 7). The value 
of crude and rifted mica exports decreased by 76% in 2010 
compared with that of 2009. 

0.5. imports of all mica totaled 28,400 t and were valued at 
$35.7 million, increases of 3296 and 3894, respectively, compared 
with those of 2009. In 2010, total imports for consumption of 
unworked split block, film, splittings, and mica sheet categorized 
as "Other" doubled to about 3,830 t, almost all of which was 
comprised of unworked low-value scrap mica (less than $1.00 

per kilogram) (table 9). Demand increased for the low-value mica 
used as a dry-ground additive for drywall compound, fillers, and 
paints. In 2010, 22,000 t of powder mica was imported, mostly 
from Canada, China, and Finland, about 6,100 t more than in 
2009, or an increase of 3096 (table 10). Worked mica imports 
were 1,930 t, a 30% increase from those of 2009 (table 11). 


World Review 


World production of mica was estimated to have increased 
to 1.07 million metric tons (Mt) in 2010 from 1.02 Mt in 2009. 
Most countries for which reported data were available reported 
Increases in production in 2010 compared with that of 2009. 
All previous world production totals were revised and have 
increased significantly because of the inclusion of production 
data from China (table 13). 


Outlook 


The early production estimates for 2011 show an increase 

in crude mica production. Some other construction materials 
producers are reporting slight increases in production during 
the first 9 months of 2011. The major markets for ground 
mica—drywall joint compounds and paints—are mature and 
relatively stable, with growth tied to new housing starts and 
interest rates. When the housing market recovers, the long-term 
outlook for ground mica is for an expected production growth 
of 196 to 396 per year. Demand is also affected by automobile 
production because interior and exterior parts typically contain 
dry-ground mica or engineered mica composites, and exterior 
surfaces are painted with wet-ground pearlescent pigments and 
mica-containing coatings. The North American automobile 
industry rebounded much quicker than housing, and vehicle 
production was forecast to increase by about 7% in 2011 
(Thomson Reuters, 2011). 
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As the economy recovers, demand for ground mica in smaller Rieder, Milan, Cavazzini, Giancarlo, D'yakonov, Y.S., Frank-Kamenetski, 


specialty markets such as coated micas, cosmetics, nylon and V.A., Gottardi, Glauco, Guggenheim, Stephen, Koval, рү, Muelle Georg 
Neiva, A.M.R., Radoslovich, E.W., Robert, Jean-Louis, Sassi, ЕР, Takeda 


polyester resins, and polyp D ylene VOID osites was expected to Hiroshi, Weiss, Zdenek, and Wones, D.R., 1998, Nomenclature of the micas: 
resume annual growth at a rate slightly higher than the rate for Chantilly, VA, American Mineralogist IMA Mica Report, v. 83, m. 11-1} 
the entire ground mica industry during the next decade. part 1, November-December, 1,385 p. 

Demand for block mica was expected to increase slowly at Thomson Reuters, 2011, Update |—JD Power raises 2011 U.S, auto sales 
about 1% ле t | d d forecast: Thomson Reuters, January 21. (Accessed January 24, 2011, at http 
о per year auring the next several years as deman Www.reuters.com/article/idUSN2115073620110121.) 
increases in a few specialty markets, such as electronics. A 
shortage of high-quality block mica was expected to continue GENERAL SOURCES OF INFORMATION 


because of the generally low percentage of high-quality mica in 


deposits currently being mined, mostly pegmatites. 0.5. Geological Survey Publications 


| ЛЛ, Ена) Р | uu | | 
ро id еер ШЕ, uncus He p cu IEO Mica (Natural). Ch. in Mineral Commodity Summaries, annual. 
sheet mica consumed in the United States, has been in the range | | 
| | Mica. Ch. in United States Mineral Resources, Professional 
of 300 to 400 metric tons per year (t/yr) in recent years, although Paper 820, 1973 
it was estimated to have dipped below 300 t/yr to 275 t/yr in | 
2010. With no potential new uses apparent and many substitute Other 


materials being used, substantial growth is not expected. 
Economics of Mica, The (8th ed.). Roskill Information Services 
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TABLE 1 
SALIENT MICA STATISTICS’ 
3 E 22 мас 2 eat 
INNAM NES 2006 2007 208 о 
United States: 002 Mute ULT 
Production, sold or used by producers: — 
Scrap and flake mica: | 3 
i thousand metric tons 10 © N n 85" — 51 | 
Quantity сь o oV o ae. е | UY $6530" $7 
Value thousands | 822,400 | $14,400 $10,2 
^ Ground mica: OO 00 00 00. = % 
Quantity thousand metric tons T z 25 $23,200 $2280 
Value thousands $49,000 ^  — $26400  .— 8,00 ммы------ 
i 137 
Prices: 2 ылу. ЕРИ r 128 ' 
Scrap and flake mica dollars per metric ton | 204 _ | 149 120 
8 
Ground: MEAM bes BED NM 
Dy — do. 237 243 | 293 . zT 700 
Wet NN | do. 784 MN И НЕЕ d 
4 ововне — 7 7 i b 
Sheet, muscovite and phlogopite: — _ 121' 
Block dollars per kilogram 130 132 = TOREPE = 
Splittings do. 1.53 | 157 _ - E 
Consumption: | 
Block, muscovite; | (00 "n | | er 
Quantity metric tons | Е | — 22 E o— 
Value thousands 9146 $139 NE cw n 
= Splittings, all types | pM M е 266  —— ui 
Quantity metric tons 310 SUE T NM аз S м 
Value thousands 58755 2 SAT шы ў (00 = = Ы. 
Exports metric tons 86200 | à 90100 ___ ^3 800 21,400 | 1,070,000 
Imports do. 46,900 43,000 _ VT | 1,020,000 ___---- 
Ses они ee ys qe зони SECO ақа сад зет” TAE - -- алыр ы e dà fece TCR IR, e£ --- = (Е P |, г ; 
World, production" u do. | 1,090,000" 1,120,000 ' 
“Estimated. "Revised. do. Ditto. 
"Data are rounded to no more than three significant digits. 
m 
рок 
yEARB 
EY MINERA : 
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aon ftn. 

deii тв. 

Rober kale SCRAP AND FLAKE MICA SOLD OR USED BY 
Pie PRODUCERS IN THE UNITED STATES, BY STATE'? 
ИМА Мор, 

Кә. (Thousand metric tons and thousand dollars) 
Peri: 


(ий; 


Don 2008 2009 2010 
TO N OPERUM EINE ee ское ED NONU a EE ME CE C EE 
State Quantity Value" Quantity Value’ Quantity Value 
ORMA North Carolina 22 4,460 17: 3,400 20 3,590 


Other? 64° 5,780 34 3,130 33 3,650 


jons Total 85! 10,200 51! 6,530 53 7,240 
| "Revised. 


z Data are rounded to no more than three significant digits; may not add to totals shown. 
oe Includes finely divided mica recovered from mica schist and high-quality sericite schist, and mica that is a byproduct 
of feldspar and kaolin beneficiation. 
Includes Alabama, Georgia, and South Dakota. 
sll ШІ 
en TABLE 3 


GROUND MICA SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY END USE 
AND METHOD OF GRINDING! 2 


2008 2009 2010 
о c 300 _____ 


Quantity Quantity Quantity 
(thousand Value Unit (thousand Value Unit (thousand Value Unit 
metric tons) (thousands) value metric tons) (thousands) value metric tons) (thousands) value 
Воће SSS fos) (Шош) уаш — metrictons) (thousands) маше 
—  Jeitcompound  ^ 53 $12,800 5246 47 $12,200 65256 44 $11,200 5256 
Paint 22 7,180 324 17 6,440 384 17 6,440 384 
Plastics 2 1,390 697 2 1360 642 2 1,370 660 
Well-drilling mud 15 2,790 181 5 943 191 7 1,160 176 
Othe? — 6 2,320 386 6 2290 381 6 2,660 419 
Total 98 26,500 271 77 23,200 301 76 22,800 302 


| 
LJ мао of grinding: 


ту W W 251 W W 284 W W 285 
= Е 
n Ne W № 651 W У 651 W w 700 
ng W Withheld to avoid disclosing company proprietary data. | | 


| 
a аге rounded to no more than three significant digits; may not add to totals shown. 

E Domestic and some imported scrap. Low-quality sericite is not included. 
Includes mica used for molded electrical insulation, roofing, rubber, textile and decorative coatings, welding rods, and miscellaneous. 


4 
е 
к 
a 
В 
| 
4 ТАВІЕ 4 
FABRICATION OF MUSCOVITE BLOCK MICA 
| IN THE UNITED STATES, BY QUALITY! 
| | 
(Kilograms) 
nn | 7t — 20097 ee 777 
| а о 
| Good stained or better - 
ЫЕ tal AINSA Or VENET e de t ыы tuin i. 
6 Stained or lower than stained? 624 665 
— Toal — 1.040 1,080 906 
| Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes punch mica. 
MICA~2010 49.5 
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TABLE 5 
ESTIMATED CONSUMPTION AND STOCKS OF MICA SPLITTINGS 


IN THE UNITED STATES 
Consumption Stocks on 
Quantity Value December 31 
Year (metric tons) (thousands) (metric tons) 
2008 308 $471 110" 
2009" 266 440 84 
2010 | 275 421 79 
"Revised. 
TABLE 6 
ESTIMATED BUILT-UP MICA SOLD OR USED IN THE UNITED STATES, BY PRODUCT"? 
2008 2009 · 2010 
————————_— ИЕ анаа. . 
Quantity Value Quantity Value Quantity Value 
(metric tons) (thousands) ^ — (metric tons) (thousands) (metric tons) _ (thousand) 
r r r 16 $132 
Flexible plate (cold) ______-- б" n й ie. | » 
late 
5 65 431 44! 313 45 n 
а o 149 288 147 278 147 79 
Segment plate —— ^ W " W W у 
314 


Таре а 107 503 ' 69 ' 240" 72 
E 985 ' 283 1,090 


а. 351 1,430 278 
y proprietary data; included in “Other.” 


‘Revised. W Withheld to avoid disclosing compan 
Райз are rounded to no more than three significant digits; may not add to totals shown. 


2Consists of alternating layers of binder and irregularly arranged and partly overlapped splittings. 
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TABLE 7 
U.S. EXPORTS OF CRUDE AND RIFTED MICA, MICA POWDER, AND WASTE, BY COUNTRY! 


Crude and rifted 
р E 


Less than $1 per kilogram More than 81 per kilogram Powder Waste 


Quantity Value Quantity Value Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

 — 39-0 NN XN KM NN а) (ошад) 

2010: 
Algeria - = - - 233 164 = m 
Argentina — — 18 33 25 140 - -- 
Bahamas, The 97 21 24 92 - -- - - 
Belgium - - - - 96 405 © = 
Brazil _ a ie - 382 651 -- xa 
Canada 15 5 -- -- 948 1,170 690 257 
Chile 6 6 - - 2 7 - - 
China -- -- - -- 41 233 -- - 
Colombia - - -- -- 273 252 -- -- 
Dominican Republic -- - 2 10 17 8 - - 
France = ES a -- 43 253 - - 
Germany = - -- -- 260 860 - - 
Hong Kong - - -- -- 21 56 - -- 
Hungary ~ - 1 4 -- - - -- 
India zm B -- -- 14 38 - — 
Israel m ES ] 4 z ЗА ex = 
ty о 16 10 ы ss 54 52 = ја 
Јарап - E 5 15 349 683 - - 
Korea, Republic of = НЕ - — 474 369 - = 
Мехісо = - 2 4 1,570 1,200 - -- 
ТЕ Netherlands E is 7 11 285 717 - - 
тт; New Zealand = - Е = (2) 12 7 13 
| ма - : - - 53 20 - | 
а Peru = zu = E 49 76 -- - 
| _ Philippines 7 Е = = E 37 32 Б = 
| Saint Lucia 2 - as - -- = ез = 
| Singapore n = ЗЕ = 26 88 -- — 
| Spain = = E x 35 114 E р 
| Таймап = 3 12 23 34 -- - 
| Thailand 80 64 Ба Е 9 30 - = 

— 

| United Arab Emirates T" M - - 20 9 = 
= United Kingdom T н 13 60 35 47 - - 
Venezuela Бе = 2 = 48 79 -- = 
Other = E 1 12 124 395 = -— 


T 
Тош e a e НЕТ кеши а 
- Zero, 


] 
his аге rounded to no more than three significant digits; may not add to totals shown. 
Less than У, unit. 


Source: U.S. Census Bureau. 
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TABLE 8 
U.S. EXPORTS OF WORKED MICA, BY COUNTRY’ 


2-7 Plates, sheets Other 
Quantity Value Quantity Value 
oz Country (metric tons) (thousands) (metric tons) (thousands) 
a ee ___ и ______ 5900 47 LL 
Апа 4 43 1 43 
Austa 2 49 237 1,500 
_ Bahamas, Пе 0 - = 6 46 
Brazil 25 556 6 182 
Canada 114 2,700 78 2 500 
China 14 440 51 ар 
Colombia 12 644 4 95 
France 17 598 4 173 
French Polynesia 3 18 " - 
Germany 195 (2) 9 
India 2 130 be 
Israel 11 24 a - 
Jamaica 4 16 m _ 
Japan 3 111 00% 268 
Korea, Republic of 19 321 Á Ж 
Lithuania 4 112 = s 
Mexico 51 1,140 19 738 
Netherlands 7 124 is Е 
Реги 4 101 = ы 
Switzerland 23 448 - = 
Taiwan 28 483 14 369 
Trinidad and Tobago 9 171 2% " 
United Arab Emirates 15 137 (2) 6 
United Kingdom 20 170 Q) 11 
Ой _________- РУЖНЕ NE “== TNR HC 
Total 419 9.270 460 6,660 
-- Zero. 
! Data are rounded to no more than three significant digits; may not add to totals shown. 
?Less than 4 unit. 
Source: U.S. Census Bureau. 
TABLE 9 
U.S. IMPORTS FOR CONSUMPTION OF CRUDE AND RIFTED MICA, BY COUNTRY' 
Other p 
= Splitblock _____ Splittings Less than $1 per kilogram More than $1 per kiloga _ 
Quantity Value Quantity Value Quantity Value ~ Quantity Value 
709 (2) $17 20 $67 1,900 $1,030 : ___- 
21: ------ 1 3 
_ Begum ____--- - с - й o 4 - | 
“Сиа - --- i _ 1 0 й п : 
— сва | -- ~ | 10 = гы 5 67 
"Па --- = - 36 67 3,750 1,790 H _ 
ос E n 39 89 3,770 E MN y С 


-- Zero. 
!Data аге rounde 
?Less than и unit. 


d to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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TABLE 10 


| 
U.S. IMPORTS FOR CONSUMPTION OF MICA POWDER AND WASTE, BY COUNTRY 


Country 
2009 
2010: 
Canada 
China 
Finland 
Germany 
. India 
Japan 
Korea, Republic of 
Netherlands 
Norway 
United Kingdom 
Other 
Total 
-- Zero. 


Powder 
Quantity Value 
(metric tons) (thousands) 
16,900 $9,540 
10,200 4,410 
6,860 1,650 
3,600 976 
122 228 
83 4,980 
762 4,260 
60 10 
79 25 
64 69 
61 104 
92 199 
22,000 16,900 


Waste 


Quantity 
(metric tons) 
1,090 


17 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 


TABLE 11 


U.S. IMPORTS FOR CONSUMPTION OF WORKED MICA, BY COUNTRY! 


Austria 

. Belgium 
Brazil 

. Canada 
China 
France 

__ Germany 
India 


. Japan 
Switzerland 
United Kingdom 
Other 

Total 

-- Zero. 


Plates, sheets Other 
Quantity Value Quantity 
(metric tons) (thousands) (metric tons) 
1,100 $12,000 385 
139 3,300 17 
290 2,970 - 
350 1,910 356 
24 100 = 
41] 2,090 64 
31 452 (2) 
34 530 ] 
24 413 102 
401 (2) 
9 165 (2) 
32 617 27 
6 127 3 


1,360 13,100 


! а га 
Data are rounded to по more than three significant digits; may not add to totals shown. 


2 5 
Less than % unit. 


Source: U.S. Census Bureau. 
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Value 
(thousands) 


$662 


Value 
(thousands) 
$2,450 


49.9 


49.10 


TABLE 12 


SUMMATION OF U.S. MICA TRADE DATA! 


U.S. GEOLOGICAL SURVEY 


Scrap and flake mica Sheck nio 
Powder Waste Unworked Моќ 
Quantity Value Quantity Value Quantity Quantity Value 
mm (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 
2009 5,940 $8,850 2,090 $1,600 96 $437 1,020 $15,300 
2010 5,550 8,190 935 468 53 163 879 15,900 
Imports for consumption: 
2009 16,900 9,540 2,990 1,670 23 142 1,480 14,400 
2010 22,000 16,900 4,400 2,390 51 180 1,930 16,200 | 
!Data are rounded to no more than three significant digits. 
Source: U.S. Census Bureau. 
TABLE 13 
MICA: WORLD PRODUCTION, BY COUNTRY"? 
(Metric tons) 
ooon mMM 
Country 2006 2007 2008 2009 2010 
Argentina, all grades 6,233 10,171 8,790 8,668 9,000 
Brazil 4,000 4,000 4,000 4,000 4,000 
Canada" 17,500 18,000 17,000 15,000 15,000 
China 700,000 720,000 750,000 .- 700,000 750,000 
China 
Concentrate 8,097 11,449 * 10,706 ' 10,000 ' 10,000 
, Concentrate —^(0 -- 
Biotite 62,959 60,000 60,000 60,000 60,000 
. Biotite ______________--- 
Total 71,056 71,449 ' 70,706 ' 70,000 ' 70,000 
o тоа ____________---- 
France" __ ооо 2000 сос 20000 20,000 
France. 
Crude 1,590 " 3,790 ' 2,050 ' 2.000 ' 2,100 
Scrap and waste 3,570 ' 3,420" 4,470" МОИ сс ы тЫ. 
__ Scrap and waste __________- 
Total 5,150" 7,210 ' 6,520 ' 6,500 ' 6,800 
ОЕА НЕВЕН да r 
гап“ = 1,800 1,510 ^5 1.500 1,500 
Korea, Republic of, all grades 30,356 42,385 49,474 27,078 27,000 
"UU a 5,152 6,118 5,593 4,323 4,500 
22у 150 9,600 ' 5.000 ' 5.000 ' 160" 
Mexico, all grades ; А ^ зе 
Norway, flake® 2,600 2,600 2,600 2,600 2500 . 
S 61 60 91 84 5 85 
e | 
CU SMS 100,000 100,000 100,000 100,000 100,000 
ела 200 200 200 200 m 
бара н 
South Africa, ground and scrap idi PI 05 ae ге 4,500 
Sm 4,496 5,569 ' 4,254 ' 4,000 ^ S и 
то 22. 22. 2,600 3,224 2,364 ' 2,800 ' t 
e 4,841 3,387 3,179 557 E t 
- d ћаке“ 110,000 96,600 85,300 ' 51,200 | 22 
United States, scrap an ake - TUE 1.070,000 
Grand total 1,090,000 ' 1,120,000 1,140,000" _ 10200027 = 
"Estimated. "Preliminary. Revised. -- Zero. 
! World totals, U.S data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
О Й ..2. > 
2rable includes data available through June 21, 2011. | we 
Jin addition to the countries listed, Pakistan, Romania, and Sweden are known to produce mica, but available information 1s inadequate 
a 
to make reliable estimates of output levels. 
“сат beginning March 21 of that stated. 
5Reported figure. | | | 
Sn if any, U.S. production of low-quality sercite and sheet mica. 
X , iud 
—2010 
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MOLYBDENUM 


In the United States, mine production of molybdenum 
concentrate in 2010 increased by 24% to 59,400 metric tons 
(t) from the 47,800 t of 2009 (table 1). Estimated world mine 
production of molybdenum in 2010 was about 242,000 t, a 
9% increase from 221,000 t in 2009. The U.S. share of world 
production was 25% in 2010. Reported U,S. consumption of 
molybdenum concentrate for roasting in 2010 increased by 26% 
compared with that of 2009. 

Molybdenum is a refractory metallic element used principally 
as an alloying agent in cast iron, steel, and superalloys to 
enhance hardenability, strength, toughness, and wear- and 
corrosion-resistance. To achieve desired metallurgical 
properties, molybdenum, primarily in the form of molybdic 


---- oxide (MoO,, called MoX) or ferromolybdenum (FeMo), is 


frequently used in combination with or added to chromium, 
manganese, nickel, niobium (columbium), tungsten, or other 
alloy metals. The versatility of molybdenum in enhancing a 
variety of alloy properties has ensured it a significant role in 
contemporary industrial technology, which increasingly requires 
, materials that can sustain high stress, expanded temperature 

г Tanges, and highly corrosive environments. There is significant 

‚ use of molybdenum as а refractory metal and in numerous 
chemical applications, including catalysts, lubricants, and 
pigments, 

US. molybdenum reserves were estimated to be about 2.7 
million metric tons (Mt), about 31% of the world molybdenum 
reserves. About 90% of U.S. reserves occur in large low-grade 
: porphyry molybdenum deposits mined or anticipated to be 
‚ mined primarily for molybdenum and as an associated metal 
sulfide in low-grade porphyry copper deposits. These deposits 
are in Arizona, Colorado, Idaho, Montana, Nevada, New 
Mexico, and Utah. Other molybdenum sources do not contribute 
; Significantly to U.S, reserves, 


oo, 


Production 


МЕ Domestic molybdenum production data were derived from 

, Ree separate voluntary surveys by the U.S. Geological 

| Survey. These surveys are "Molybdenum Ore and Concentrate" 
| (annual), “Molybdenum Concentrate” (monthly), and 

.. “Molybdenum Products and Molybdenum Concentrates” 


2 (monthly), Surveys were sent to all 10 U.S. operations that 
2 Currently produce molybdenum concentrates and products 


from ore, and all responded, representing 10096 of the U.S. 
production listed in table 1. 
is of December 31, 2010, U.S. rated capacity for mines 
nd mills was estimated to be about 73,800 metric tons per 
d (Шут) of contained metal. Rated capacity was defined as 
© maximum quantity of product that could be produced in a 
period of time at a normally sustainable long-term operating 
Tate based on the physical equipment of the plant and given 
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By Désirée E. Polyak 


Domestic survey data and tables were prepared by Raymond I. Eldridge III, statistical assistant, and the world production 
ww à table was prepared by Lisa D. Miller, international data coordinator. 


acceptable routine operating procedures involving energy, labor, 
maintenance, and materials. Capacity included operating plants 
temporarily closed, which could be brought into production 
within a short period of time with minimal capital expenditure. 

Primary molybdenum production continued at the Ashdown 
Mine in Nevada, the Henderson Mine in Colorado, the Questa 
Mine in New Mexico, and the Thompson Creek Mine in 
Idaho. The Ashdown Mine, in Humboldt County, produced 
96 t of molybdenum in 2010. The company announced that it 
had developed access to additional reserves, and in 2011 was 
expected to raise production rates to 2008 levels of roughly 46 t 
of molybdenum per quarter (CNW Group, 2011). 

Freeport-McMoRan Copper & Gold Inc. (FCX) announced 
that its Henderson Mine produced 18,140 t of molybdenum in 
2010, a 48% increase compared with 12,250 t produced in 2009. 
Henderson also produced 18,140 t of molybdenum in 2008. The 
Henderson underground mine produces high-purity, chemical- 
grade molybdenum concentrates, which typically are further 
processed into value-added molybdenum chemical products 
(Freeport-McMoRan Copper & Gold Inc., 2011a, p. 22, 106). 
The Henderson operation consists of a large underground 
mining complex feeding a concentrator with the capacity to 
produce approximately 18,200 t/yr of molybdenum 
(Freeport-McMoRan Copper & Gold Inc., 2011b, p. 13). 

FCX announced that total consolidated molybdenum sales 
from Henderson Mine and byproduct production at its North 
American and South American copper mines totaled 30,390 t of 
molybdenum in 2010, a 16% increase compared with sales of 
26,300 t of molybdenum in 2009. FCX attributed this increase to 
improved demand in the chemicals sector (Freeport-McMoRan 
Copper & Gold Inc., 2011a, p. 22, 25), 

FCX announced that construction activities at its idle Climax 
molybdenum mine were expected to continue into 201 l. In 
2010, concrete foundations for various equipment installations 
were completed, and the ball mill shell assembly commenced 
The company announced that startup of mining and milling | 
activities would be dependent on market conditions. The 
Climax Mine had an initial design capacity of 13,600 t/yr of 
molybdenum, with significant expansion options. The estimated 
remaining costs for the project were approximately $450 milli 
(Freeport-McMoRan Copper & Gold Inc., 2011c). P 

Thompson Creek Metals Company Inc. (TCMC) owns th 
Thompson Creek open pit molybdenum mine and mill " 
Challis, ID, a metallurgical roasting facility in Lange] I 
PA, and a 75% share of the Endako open pit mine m | 
roasting facility in northern British Columbia Canad: = 
molybdenum concentrate produced at the Thompso ees 
Mine is transported to the Langeloth facility, whi 5. 
ferromolybd ; waich produces 

molyodenum products, molybdenum trioxide, and oth 
specialty products. The Langeloth facility also Processes er 
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nonmolybdenum catalysts for various customers, primarily 

in the food industry. TCMC had two high-grade underground 
molybdenum deposits, the Davidson deposit near Smithers, 
British Columbia, Canada, and the Mount Emmons deposit near 
Crested Butte, CO (Thompson Creek Metals Company Inc., 
2011, p. 42). 

TCMC announced that its Thompson Creek Mine produced 
11,370 t of molybdenum in 2010, a 41% increase from the 
8,080 t of molybdenum produced in 2009. The increase was 
primarily because of significantly higher grade of ore from the 
Thompson Creek Mine. The company expected the Thompson 
Creek Mine to have higher production for the first half of 2011 
(6,350 to 6,800 t of molybdenum) than the last half of 2011 
(3,630 to 4,080 t of molybdenum) mainly owing to the tapering 
off of higher grade production (Thompson Creek Metals 
Company Inc., 2011, p. 65-66). 

Molybdenum was produced as a byproduct of copper 
production at the Bagdad, Mineral Park, and Sierrita Mines in 
Arizona; the Continental Pit Mine in Montana; the Robinson 
Mine in Nevada; and the Bingham Canyon Mine in Utah 
(table 10). The Morenci and Mission Mines in Arizona as well 
as the Chino Mine in New Mexico did not produce molybdenum 
in 2010. In the case of byproduct molybdenum recovery at 
a copper mine, all mining costs associated with producing 
molybdenum concentrate are allocated to the primary metal 
(copper). In 2010, byproduct molybdenite recovery accounted 
for approximately 50% of the U.S. molybdenum supply. 

The Bagdad operation of FCX includes a 75,000 metric- 
ton-per-day (t/d) concentrator that produces copper and 
molybdenum concentrates, as well as a pressure leach plant that 
processes molybdenum concentrate. Molybdenum production 
at Bagdad in 2010 was 3,180 t, a 17% increase compared with 
2.720 t of molybdenum in 2009 (Freeport-McMoRan Copper & 

c., 2011b, p. 8). 

y^ Sierrita а of FCX includes a 102,000-t/d 

r that produces copper and molybdenum | 

concentrates. It also has molybdenum facilities consisting of 

a leaching circuit, two molybdenum roasters, and a packaging 

facility. The molybdenum facilities process concentrate from 

Sierrita, concentrate from other F CX mines, and concentrate 

from third-party sources. Molybdenum production at Sierrita 

in 2010 was 8,160 t of molybdenum, a 15% decrease compared 

with 9,620 t of molybdenum in E (Freeport-McMoRan 
Inc., 2011b, p. 9). 

pu neers (London, United Kingdom) announced that 

denum concentrate production at its Bingham Canyon 

nd tt Utah Copper) was 12,900 t of 

Mine (operated by Kenneco | коб 
mpared with 11,300 t of molybdenum in 

шоо 84). In April, Rio Tinto announced that 


АТ 1, p. | 
ны 5. per operation launched construction of 


| Utah Cop ж 
5 a P n molybdenum autoclave process facility that was 
a 


i and metal recovery, and 
improve process efficiency | у 
expected и. gas emission intensity. First production 
тешсе ted in the fourth quarter of 2012, and 


nticipa 
from ета РТ ju of molybdenum was scheduled for 
E nu quarter of 2013. The phase 2 expansion to 27,200 t/yr 
e 


of molybdenum ici leted in the first 
y was anticipated to be comp d h 
vi of 2015 Kennecott also submitted permits to move 
qua Ы 


concentrato 
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forward with the Cornerstone project, which was expected to 
extend the life of its Bingham Canyon Mine and operations to 
2028 (Rio Tinto plc, 2011, p. 47—48). 

In March, General Moly Inc. announced that Hanlong (USA) 
Mining Investment Inc., a wholly owned subsidiary of Sichuan 
Hanlong Group (Hanlong), agreed to procure $745 million in 
debt and equity, which would fully fund the Mt. Hope project in 
central Nevada. General Moly has an 80% stake in the Mount 
Hope project, with reserves of 590,000 t of molybdenum anda 
mine life in excess of 40 years. The remaining 20% is owned by 
Pohang Iron and Steel Co. (POSCO), a firm based in Pohang, 
South Korea. Permitting, which began in 2006, was ongoing, 
and the company expected all work to be completed near the 
end of 2011 or early 2012. Initial production was expected 
approximately 20 months after construction has begun (General 
Moly Inc., 2011, p. 4—6). 

In February 2011, Northern Dynasty Minerals Ltd. 
(Vancouver, British Columbia, Canada) announced the 
completion of a preliminary assessment of its Pebble copper- _ 
gold-molybdenum project in southwestern Alaska. The 
assessment confirmed that if just 32% of the site was developed, 
the project had the potential to produce approximately 14 Mtof 
copper and 635,000 t of molybdenum during a 45-year period. 
The preliminary assessment updated and substantially revised 
the project economic analysis last done by the company in 2004. 
A prefeasibility study was expected to be completed in 2012, 
prior to the completion of the permitting process under the 
National Environmental Policy Act (Northern Dynasty Mineral 
Ltd., 2011, p. 3). 


Consumption 


In 2010, U.S. reported consumption of molybdenum 
contained in concentrate for roasting was approximately 26% 
more than that of 2009 (table 1). Domestic mine production of 
molybdenum concentrate was roasted, exported for conversion, 
or purified to lubricant-grade molybdenum disulfide (MoS,). 
Technical-grade MoX consumption in 2010 was 7% more than 
that of 2009. MoX was the leading form of molybdenum used 
by industry, particularly in making stainless steel. Overall, total 
Mo use in steel in 2010 increased by 16% from that of 2009, 
and use in superalloys in 2010 increased by 18% from that of 
2009 (table 3). | 

Metallurgical applications dominated molybdenum use я 
2010, accounting for about 88% of 2010 grand total pore 
consumption (table 3). In 2010, FeMo accounted for 36% 
of the molybdenum-bearing materials used to make m 
Nonmetallurgical applications included catalysts, сапе : 
lubricants, and pigments. The dominant nonmetallurgica! U 


was in catalysts. | 
Molybdenum is playing a more тр 

technology than ever before, with use Eu 

catalysts, ethanol, solar panels, and wind power. In Мау, 


, € 
of researchers with the U.S. Department of Energy aie 
Berkeley National Laboratory and the University A: » 
Berkeley, announced the discovery of an gee M 
proton reduction catalyst, seventy times less uu sas. The 
platinum commonly used now to produce hy ои comple: 
new catalyst was based on a molybdenum-oxo 1 


ortant role in green 
focused on biofuels, 


оок-—200 
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йш that generates hydrogen from water without the use of additional 

Ий acids ог organic solvents. These qualities were expected to make 
the catalyst ideal for renewable energy use (Karunadasa and 

nce a others, 2010). 

ШЇЇ А new type of solar panel made of copper-indium-gallium- 

роле) selenide (CIGS) cells contains molybdenum in а thin layer 

ШЕШ: near the bottom of the cell. The molybdenum helps to transfer 

Миша the electricity generated from the solar cell to circuits external 

МОЩЬ to the panel. Although photovoltaic solar power capacity 

ташу: is small, CIGS technology has demonstrated the highest 

Пішіні conversion efficiency and the longest product life within the 

ke: solar power-production industry. Analysts estimate that CIGS 

bee cells use approximately 1,100 t of molybdenum per gigawatt of 

юва capacity (Compound Semiconductor, 2010). 


ction bak 
Stocks 
Мт | 
ana At yearend 2010, producer plus consumer industry stocks 


dii increased compared with yearend 2009 stocks. Inventories 
li of molybdenum in concentrate at mines and plants decreased 
7 by about 360 t. Producer stocks of molybdenum in FeMo, 
| а molybdates, MoX, metal powders, and other products increased 

i compared with producer stocks of 2009 (table 2). 

xS Prices 

ү т | 

an Prices were reported in Platts Metals Week in dollars per 

-— pound of contained molybdenum. In January 2010, the average 

kn: Prices for МОХ and FeMo were $14.50 per pound and $17.00 
per pound, respectively. Prices slowly increased reaching a 2010 
high of $17.58 per pound MoX and $21.69 per pound FeMo 
average for the month of April. Prices slightly fluctuated for the 
remainder of the year with an average price of $16.19 per pound 

E MoX and $18.47 per pound FeMo for the month of December. 

fe Foreign Trade 

gel 

д |82010, molybdenum-containing material exports 

Y collectively contained about 11,700 t (gross weight) and were 

" valued at $1.37 million (table 6). Imports for consumption of 

" molybdenum-containing products collectively contained about 


ШЇ 33,500 t (gross weight) and were valued at $576 million 
" (table 9). 
UM 


World Review 
lié World molybdenum reserves and production capacity were 
y concentrated In a few countries. World mine output in 2010 
p; Was estimated to have been 242,000 t (molybdenum contained 
$ Ш concentrate), of which, in descending order of production, 
КА China, the United States, Chile, Peru, Mexico, and Canada 
provided about 94% (table 11). Peru increased molybdenum 
if Production by about 4094 from 2009 to 2010. 
y Ш North America, most Canadian reserves of molybdenum 
ў меге contained in porphyry molybdenum and porphyry 
р cbe molybdenum deposits in British Columbia. Other 
( anadian reserves were associated with minor porphyry copper- 
1 rolybdenum deposits in New Brunswick and Quebec. The 
2 4a Caridad porphyry copper-molybdenum deposit in Mexico 
/ Was a leading producer. Molybdenum reserves in Central 
) 
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America and South America were associated mainly with large 
porphyry copper deposits. Of several such deposits in Chile, 

the Chuquicamata and El Teniente deposits were among the 
largest in the world and accounted for 8596 of molybdenum 
reserves in Chile. Peru also had substantial reserves. Reserves of 
molybdenum in China and the Commonwealth of Independent 
States (CIS) were thought to be substantial, but definitive 
information about the current sources of supply or prospects for 
future development in these two areas was lacking. 

According to a study performed by the International 
Molybdenum Association and by the Steel & Metals Market 
Research Company, in 2009, global Mo consumption in 
all applications was 212,000 t, which included new and 
recycled molybdenum. Most recycled Mo is introduced as 
scrap in steelmaking. Their analysis was based on more than 
250 interviews with key Mo end users. For all applications, 
according to their study, approximately 15% of Mo input 
material originated from scrap. Molybdenum was used in the 
following end uses—engineering steels (34%), stainless steels 
(26%), chemical products (13%), tool and high-speed steels 
(1096), cast iron (796), superalloys (596), and Mo metal (596) 
(International Molybdenum Association, 2011, p. 2). 

Armenia.—Production and sales of molybdenum concentrate 
at the Karajan copper-molybdenum mine, managed by Zangezur 
Copper and Molybdenum Combine CJSC (СМС), a subsidiary 
of Cronimet Mining GmbH (Germany), increased by 2.3% 
to 8,800 t of molybdenum in 2010. The Karajan copper- 
molybdenum mine is in the southeastern corner of Armenia 
in the Province of Syunik. ZCMC was in the final stages of 
completing a multimillion dollar ore processing facility, which 
was expected to be one of the largest mills, by production 
capacity, in the CIS countries. According to the company, its 
main strategy was to have processing infrastructure for copper 
and molybdenum which meet Western standards (Mining 
Journal, 2011, p. 7). 

Agarak Copper and Molybdenum Combine (ACMC), located 
in the southern Armenian Province of Syunik, was acquired by 
GeoProMining Ltd. (GPM) in 2007. According to the company, 
ACMC produced 254 t of molybdenum concentrates in the first 
6 months of 2010. GPM announced that it planned to install new 
hereon ernie siii ri 

di pgrades were anticipated to be 
completed in early 2012 (Mining Journal, 2011, p. 11). 

Australia. — i 
that mining пы pa irem 2 
ү кн art in August 2010 at 
its Spinifex Ridge molybdenum project in the Pilbara region 
of Western Australia. In April, Hanlong Mining Е. 

Pty. Ltd. became Moly Mines' controlling shareholder (55% 
following the settlement of a $200 million equity and debt ” 
funding package (Moly Mines Ltd., 2010, p. 1). Accordi 

to the company, site construction work had commenced s 
work on the Utah Point export facility was on sch ae 

єз Schedule. The 
facility was expected to receive Spinifex Ridge ore 
October {са ө at the end of 

ober (Engineering and Mining J ournal, 2010) 

Moly Mines had initially planned to develop and 
a mining operation at Spinifex Ridge that would das 
million metric tons per year (Mt/yr) of molybdenum ен қ | 

2 1 1 » 0a 
on a 24-year mine life. However, a dramatic fall in molybden 
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prices in late 2008 led the company to revise its plans for a 
smaller 10-Mt/yr ore operation, with a possibility of future 
expansion (Engineering and Mining Journal, 2010). 

In April, Ivanhoe Mines Ltd. announced it would start a 
prefeasibility study for its high-grade Merlin molybdenum 
and rhenium deposit, which comprises the Mt. Dore project 
in the Cloncurry District in northwestern Queensland, part of 
Ivanhoe Australia Ltd. (Vancouver, British Columbia, Canada). 
Environmental permitting was expected to be carried out in 
parallel with the prefeasibility study. Indicated resources total 
6.5 Mt at a grade of 1.3% molybdenum and 23 grams per ton 
rhenium. Production was expected to produce approximately 
5.300 t/yr of molybdenum and 7.5 t/yr of rhenium, with an 
initial mine life of 9 years. Production was expected to begin in 
the third quarter of 2012. Despite its high molybdenite content, 
the silicate nature of the Merlin ore might make it difficult 
to convert to salable high-grade molybdenum concentrate. 
Therefore, the scoping study, released in March, suggested 
the best value would be achieved by producing a rough 
grade concentrate and leaching and roasting this concentrate 
to produce molybdenum oxide and ammonium perrhenate 
(Ivanhoe Mines Ltd., 2011, p. 9, 13). 

Canada. —Roca Mines Inc. announced molybdenum 
production of approximately 630 t of molybdenum concentrate 
at its Max molybdenum mine from August 2009 to August 
2010, a 42% decrease compared with the 1,080 t during the 
same period of the previous year. The Max underground 
molybdenum mine is near Trout Lake, British Columbia. Roca 
Mines sells the molybdenum concentrates produced at its Max 
Mine to a British-based buyer (Roca Mines Inc., 2010). 

TCMC announced in August 2009 that the Endako Mine | 
expansion project that was postponed in December 2008, owing 
to the economic downturn, was approved to resume. In July 
2010, TCMC received the approval of TCMC’s joint-venture 
partner, Sojitz Corp., for the mill expansion project. The 
expansion project included an upgrade of all processing 
equipment, construction of a new modern mill building, and a 
new mining plan, which was expected to widen the area being 
mined. As a result of the mill expansion, annual molybdenum 
production was expected to be between 6,800 and 7,300 t/yr of 
molybdenum, of which TCMC 75% share would be between 
5,000 and 5,400 t/yr of molybdenum. The mill expansion 
project was expected to be completed in the fourth quarter of 
2011, with additional production ramping up from the Endako 
Mine during that quarter. The Endako Mine is near Fraser 
Lake, 161 kilometers (km) northwest of Prince George, British 
Columbia. The Endako Mine is a fully integrated facility that 
includes a concentrator and a roasting facility. Production 
from the Endako Mine is sold primarily under annual supply 
contracts to customers from the chemical, petroleum catalyst, 
and chemical fields (Thompson Creek Metals Company, 2011, 
p. 8, 24, 34-35). 

Taseko Mines Ltd. announced that it produced 430 t of 
molybdenum in 2010, a 50% increase compared with 285 t 
of molybdenum produced in 2009 at its Gibraltar Mine in 
south-central British Columbia. According to the company, the 
production increase was a direct result of the investments in 
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mine and concentrator equipment performed in 2010 (Taseko 
Mines Ltd., 2011). 

Chile.— Corporación Nacional del Cobre de Chile (Codelco), 
the state-controlled copper and molybdenum producer, announce 
a 60% increase in net earnings to $1.87 billion in 2010 owing to 
higher copper and molybdenum prices. Molybdenum production 
rose to 22,000 t in 2010, a slight increase compared with the 
21,500 t produced in 2009. According to the company, its 
molybdenum production was expected to increase during the 
next 3 to 5 years, as new ore zones containing more molybdenum 
were brought into production at its Andina, Chuquicamata, and Fl 
Teniente Mines in Chile (Metal-Pages, 201 1c). 

Antofagasta plc announced that molybdenum production at 
its Los Pelambres Mine was 8,800 t of molybdenum, a 13% 
increase compared with 7,800 t of molybdenum produced in 
2009. Los Pelambres is in Chile’s Coquimbo Region, 240 km 
northeast of Santiago. According to the company, the plant 
expansion initiated in mid-2008 was successfully completed, 
on schedule and on budget, during the first quarter of 2010. 
The company expected to produce approximately 9,300 tof 
molybdenum in 2011, based on the plant expansion and a stable 
molybdenum grade of approximately 0.019% Mo (Antofagasta 
plc, undated, p. 17, 28). 

Molibdenos y Metales S.A. (Molymet) announced that 
construction of the Molynor Industrial Complex, in the port 
of Mejillones in northern Chile began in 2008 and was fully 
operational in January 2010. According to the company, the new 
plant was expected to have a production capacity of 13,600 tyr 
of molybdenum (Molibdenos y Metales S.A., 2011). 

China.—China’s imports of molybdenum concentrates — 
decreased by 58% in the first 11 months of 2010 compared wit 
imports during the same period of 2009, according to official 
customs data. China imported 5,464 t of Mo concentrate in the 
January through November 2010 period, with an average price 
of $10,909 per metric ton, 15% higher than the average pree 
during the same period in 2009 (Metal-Pages, 2011a). China | 
exports of MoO, (roasted molybdenum concentrate) Increase 
157% in the first 11 months of 2010, compared with exports 
during the same period of 2009. China exported Me in 
МОО,, with an average price of $20,202 per metric ton, 37% 
higher than the average price during the same perio 

Metal-Pages, 2011b). 
| China's Ministry of Land and Natural Resources Драма 
that molybdenum would be the sixth protected mined ge 
added to a list of strategic resources starting 1n a | 
Molybdenum will join antimony, gold, rare earths, tn, я 
o2. xs А begin restri¢ 5 
tungsten on its list. China was expected to beg Д 
the mining and export of molybdenum as OL eS f 
(Metal-Pages, 2010a). In December, China $ us M 
Commerce released the first batch of export Фу cated 
2.400 t), molybdenum fabric 
molybdenum chemicals (2, mary materials 
products (2,295 t), and molybdenum prim COEM ded 
(20,312 t) for 2011. Molybdenum сеп and molybdenum 
ammonium molybdate, other moly bdate sa т? roducts 
oxides and hydrates. Molybdenu te ET and scr 
included molybdenum powder, unwrought Пе, 4 proaste 
Molybdenum primary materials inc 


d in 2009 


m fabrica 


luded roasted ап 
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Heime molybdenum concentrates and ferromolybdenum. The first 
batch of export quotas were unchanged from the first batch of 
Vinili; export quotas released in 2009 (Metal-Pages, 20105). 
Jj pi Mongolia.—1n July, Erdene Resource Development Corp. 
ИШ (Dartmouth, Nova Scotia, Canada) announced its Zuun Mod 
To Miti molybdenum project in southwestern Mongolia was officially 
ПШ registered with the Mongolian Mineral Resource Council, а 
Wt prerequisite to applying for a mining license. In November and 
tham December 2010, the company carried out a drilling program to 
(йш provide more detailed information on potential areas of high-grade 
iMm mineralization to be initially developed for mining. According 
$4 о the company, the data from this drill program was expected to 
кЙїшп define a more extensive prefeasibility level drill program designed 
(шш to upgrade inferred resources to measured and indicated resource 
Юя categories (Erdene Resource Development Corp., 2011, р. 15). 
ушу  Peru.—The Cerro Verde Mine of FCX is an open pit 
сшщ} Copper and molybdenum mining complex 16 km southwest 
щим 01 Arequipa. The mine was shut down in the second quarter 
ш 042009 owing to the economic downturn but reopened in 
pum! September 2009 (Metal-Pages, 2009). In 2010, molybdenum 
us production at Cerro Verde was approximately 3,180 t of 
№ molybdenum compared with 910 t of molybdenum in 2009 
(Freeport-McMoRan Copper & Gold Inc., 2011a, p. 38). 


Шш Outlook 

(ораз 

MS Тһе principal uses for molybdenum were expected to continue 
И] to be in chemicals and catalysts and as an additive in steel 

($0. Manufacturing, most importantly alloy and stainless steel. 

SAX Molybdenum plays a vital role in the energy industry but may 
ши? become an increasingly essential factor in green technology, 

(Ml where it is used in high-strength steels for automobiles to reduce 
aut’ weight and improve fuel economy and safety. Molybdenum may 
№ playa critical role in reducing sulfur in liquid fuels by acting as 
и” a cracking agent. Production of diesel fuels having ultra-low- 
uli sulfur levels was expected to more than double the amount of 
mA molybdenum used in oil refineries. Analysts expected global 

rd demand for these types of catalysts to increase by more than 594 
шї” annually until 2013. The need for companies to reduce carbon 
yi) dioxide emissions from coal-fired power stations will require 

2 plants to run at higher temperatures, resulting in greater demand 
їй for higher grade molybdenum-bearing steels. 

In 2009-10, there were significant production cuts at copper 
ше and molybdenum producers worldwide, as well as delays and 
if difficulties in sourcing finance, which have delayed many 
sie potential projects. Many analysts think that the molybdenum 
вх Projects that are expected to commence in 2011-12 still have 
я а significant amount of risk. For example, FCX continued 
g Construction at its Climax molybdenum mine in 2010 after 
ø halting construction in November 2008 at the height of the 
oi global financial crisis. FCX had announced a potential restart 
у date for 2012; however, the company has been very wary of 
g Committing to a ramp-up date for Climax, owing to the risk of 

$  OVersupply in the market. 
y During the past decade, molybdenum consumption has shown 
ya strong annual growth rate, primarily fuelled by rapid increases 
ў 1n China's industrial growth. Molybdenum demand continues 
| to be driven largely by the steel sector. The fall in stainless 

steel production mainly took place in developed economies. As 
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emerging economies, such as China and India, continue on the 
path to industrialization, they are expected to need increasing 
amounts of molybdenum, and this trend is expected to 
contribute to global demand growth in the coming years (Virga 
and Horn, 2009). The outlook for the molybdenum market in 
2011 appears to be strong. Increasing steel demand, projected 
through at least 2015, and the potential for a whole new market 
from green technology were expected to contribute to increased 


molybdenum consumption. 
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TABLE 1 
SALIENT MOLYBDENUM STATISTICS! 


(Metric tons of contained molybdenum) 


227 2009 2010 


eM coo cU 206 2007 _ 2008. 
United States: T с8 
с m MOM 59,800 57.000 55,900 47,800 59,400 
^^ р 60,100 57,100 57,800 63,700 59,400 
| Reported consumption” _ "nn 44,400 43,900 44,500 W W 
Imports for consumption ——— ___ 10,900 12,400 10,200 7,520 12,900 
Stocks, December 31: | | 
— Concentrate, mine and plant 2,120 2,630 1,690 2,550 ' 2,200 
© Product producers? | NEM 3,210 3,140 3,680 3,660 W 
Consumers 1,660 1,870 1,620 1,540! 1630 _ 
“Tol nu — 6990 77,640. 6,990 - 7,670 3,820 
Primary products: | Е 
^ production | 78,000 72,800 72,900 59,900 68,600 
Er Oo 00525020 51,000 48,700 51,300 43,300 51,100 
Reported consumption 19,000 21,000 21,100 17,700 ' 19,200 
World, mine production | | 186,000 212,000" 218,000 22100 242000 


*Estimated. 'Revised. W Withheld to avoid disclosing company proprietary data. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 


Molybdenum concentrates roasted to make molybdenum oxide. 


3includes ammonium, calcium, and sodium molybdate; briquets; ferromolybdenum; 
molybdenum pentachloride; molybdic acid; pellets; phosphomolybdic disulfide; and technical and puri 
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molybdenum hexacarbonyl; molybdenum metal; 
fied molybdic oxide. 
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ТАВГЕ 2 | 
т PRODUCTION, SHIPMENTS, AND STOCKS OF MOLYBDENUM PRODUCTS IN THE UNITED STATES. 
Шы 
" (Metric tons of contained Mo) 
T о 
Metal powder m __Офег | ______ Той 0 
2009 2010 2009 2010 2009 2010 
Received from other producers -- - __ W W W МД 
Gross production during year (3) (3) (3) (3) 59,900 68,600 
КЕ Molybdenum products used to make other products W W W W W W 
| Net production (3) (3) (3) (3) 33,700 42,100 
" Shipments (3) _ 0) (3) (3) 43,300 51,100 
Producer stocks, December 31 u W Ww W Oo W 3,660 W 
"Revised. W Withheld to avoid disclosing company proprietary data. -- Zero. 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 
Ісіне ammonium, calcium, and sodium molybdate; ferromolybdenum; molybdenum disulfide; molybdenum hexacarbonyl; 
| molybdenum metal; molybdenum pentachloride; molybdic acid; molybdic oxides; pellets; and phosphomolybdic acid. 
Ic 


Withheld to avoid disclosing company proprietary data; included in “Total.” 
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TABLE 3 


U.S. REPORTED CONSUMPTION, BY END USES, AND CONSUMER STOCKS OF MOLYBDENUM MATERIALS' 


(Kilograms of contained Mo) 


Molybdic |: _— Ammonium and _ Molybdenum 
End use oxides __ Ferromolybdenum^ sodium molybdate scrap Other Total 
2009: 
Steel: mE 
_ Carbon o 0 0 427,000 297,000 2 " Ww 724000 
High-strength low-alloy W 117,000 а Е M 117,000 
Stainless and heat-resisting 2,030,000 768,000 de (5) 90,900 2,890,000 
Full alloy  _ | 3,230,000 2,500,000 - - Wo 5,730,000 
Tool E EE 382,000 ' O M -- (5) > 392,000" 
Total — 6,070,000 ' 3,680,000 а = 90,900 9240,0! 
Cast irons (gray, malleable, ductile iron) W 314,000 22 22 W 314,000 
Superalloys m 483,000 W -- ()' 1,010,000 — 1,490,000 ' 
Alloys (other than steels, cast irons, superalloys): | 
Welding materials (structural and hard-facing) -- 43,300 ' -- -- 3,920 ' 47,200! 
Other alloys | 1,020 41,700 ' - e W 42,700" 
Mill products made from metal powder’ W -- -- = W W 
7 Cemented carbides and related related products! | -- -- = " 77' 7° 
Chemical and ceramic uses: _ 
Pigments ы E (s) - - W 
Catalysts a 950,000 = (5) -- W 950,000 
Miscellaneous and unspecified uses: 
Lubricants | Е - - ~ . 27,00 271,00 
ове _____ 662,000 ' 90,900 ' (5) — 4020000: 4,770,000" 
Grand total 8,170,000 ' 4,170,000 -- 5,390,000" 17,700,000 " 
_ Stocks, December 3l — — — — 318,000" 327,000 ' 1,960 (6) (6) 1,540,000 ' 
2010: ВЕ = 
Steel: NN А _ 
Carbon | _ 426,000 281,000 == a W 707,000 
-  Highstrengh low-alloy | 682,000 117,000 = _ Ж 800,000 
~~ Stainless and heat-resisting = 2,160,000 721,000 - (5) 93,900 2,980,000 
Full alloy __ 3,410,000 3,000,000 -- -. w 6,410,000 
uc M 259900000002 ы... СЕНІ - o 551,000 
Toa 7,230,000 4,120,000 = » 93,900 1140000 
_ Cast irons (gray, malleable, ‘ductile iron) | W 334,000 = - W 334,000 
“Superalloys — ___ 517,000 W = (s) 1240000 1,760,000 
| ~ Alloys (other than steels, cast irons, superalloys): 
— Welding materials (structural and hard-facing) -- 48,300 Ер > W 48,300 
^ Otheralloys ___________- 1,560 73,000 с Е W is 
- Mill ill products п made from metal powder. W a zs = W а 
~ Cemented. carbides and related products” -- А a m 78 
_ Chemical г and ceramic uses: | m 
Pigments ee W -- 7,870 -- E 
Catalysts 945,000 на (5) = мо 55 
Other ____ mM M Я M E 3,030 3,030 
ecified us 5: 
__Miscellaneous an ; and | unspeci ifi е | | | | -— T— 
Other ee ae 54,300 89,300 (5) 4,180,000 432005 
"Grand total ИЕ NEN | | | Е | Е | | i 8,750,000 4,670,000 7,870 5.750,000 pon 
_ Stocks, December 31 346,000 347,000 3,850 _ 9 __ OL 
‘Revised. W Withheld to avoid disclosing company propr ietary data; included with “Other” of the ‚ “Miscellaneous : and unspecified uses” category. 7 Zero. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes calcium molybdate. 
*Includes ingot, wire, rod, and sheet. 
ook—2010 
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TABLE 3-—Continued 
U.S. REPORTED CONSUMPTION, BY END USES, AND CONSUMER STOCKS OF MOLYBDENUM MATERIALS ' 


ЕЕ ен к А 


‘Includes construction, mining, oil and gas, and metal working machinery. 
Swithheld to avoid disclosing company proprietary data; included in “Miscellaneous and unspecified uses: Other” of the “Other” category. 


SWithheld to avoid disclosing company proprietary data; included in “Total.” 
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TABLE 4 
U.S. EXPORTS OF MOLYBDENUM PRODUCTS, BY PRODUCT AND COUNTRY! 


| 2009 2010 
Quantity Value Quantity Value 
Product and country HTS? code (metric tons) (thousands) (metric tons) (thousands) 
Oxides and hydroxides, gross weight: 2825.70.0000 
Austria — | | 718 $10,400 432 $9,560 
Brazil Е | 318 5,280 184 4,010 
Canada | "^ 1,760 23,500 2,760 32,600 
China | 2,060 29,900 551 10,200 
Germany | 297 5,050 189 3,670 
Inda — 00 | 484 6,730 280 5,550 
Japan 3,050 46,000 1,190 23,600 
Netherlands | 526 9,200 134 2,630 
Turkey | 74 1,400 60 1,260 
United Kingdom = mE 150 2,210 117 2,520 
Other (16 countries) 1,140 € 19,500" 150 3,640 
Tol SCS _ 10,600 159,000 6,040 99,300 
Molybdates, all, gross weight; 2841.70.0000 . ; 
Australia | Е Е | | 20 387 . 36 673 
Canada mE 257 2,690 707: 10,500 
Korea, Republic of = _ 17 266 48 375 
Netherlands | 411 6,370 573 7,760 
| United Kingdom EE | 25 519 65 1,150 
Other (28 countries) 774 ! 7,740 ' 250 5,730 
_ Total В 1,500 18000 160 26200 
Ferromolybdenum, contained weight:^? 7202.70.0000 
| Argentina | 13 353 13 507 
Canada | 581 16,100 677 22,300 
_ India 7 65 1,550 37 1,150 
Mexico — — 55 1,670 13 525 
Netherlands о | 24 809 196 7,070 
. Other (14 countries) | 86° 1,970 ' 41 1,580 
Foal |. 87 22400 978 33,100 
Molybdenum, other, gross weight: 5 Various’ е ЯЯ 
_ Austria | mM 6 (3 159 10,500 
Canada | mM 84 3,090 97 4,240 
Germany с 137 6,280 85 4,130 
Ns ИН сл у. 63 4,950 93 7,290 
“ара | 0 PEN 363 31,800 299 29,800 
Korea, Republic of 222. 208 23,300 504 39,900 
.. Mexico и РЕН 73 4,840 110 7,380 
Netherlands " 1 132 123 1,820 
. Taiwan | EN |. 76 6,630 161 11,700 
_United Kingdom ии 294 6,800 600 14,000 
_ Other (47 countries) — 477" 23,700" 303 22,500 
M ЕН "M |. L700 2000 2540 153,000 
'Revised. СИН pu ee к ы 


| 
Data are rounded to no more than three significant digits; may not add to totals shown. 
*Harmonized Tariff Schedule (HTS) of the United States, 


5 (gross weight) of the five leading countries in 2010. 
Ferromolybdenum contains about 60% to 65% molybdenum. 


6 
Includes powder, unwrought, waste and SCrap, wire, wrought, and other 


7 
Includes HTS codes 8102.10.0000, 8102.94.0000, 8102.95.0000, 8102.96.0000, 8102.97.0000, and 8102.99.0000. 


Source: U.S. Census Bureau. 


50.10 2 
U.S. GEOLOGICAL SURVEY MINERALS YEARBOO 


TABLE 5 


U.S. EXPORTS OF MOLYBDENUM ORE AND CONCENTRATES 
(INCLUDING ROASTED AND OTHER CONCENTRATES), BY COUNTRY”? 


"Revised. 


2009 |. 2010 
Quantity Quantity 
(metric tons of Value (metric tons of Value 

= Country contained Mo) (thousands) contained Mo) (thousands) 
Belgium mE 7,060 $165,000 9,610 $251,000 
Canada MM 1,070 26,600 1,150 30,100 
China 6,680 145,000 5.280 165,000 
India m 144 2.290 924 30,500 
Japan | 912 23,100 2,630 82,600 
Korea, Republic of 884 19,900 805 26,500 
Mexico Е 2,870 20,300 5,040 38,500 
Netherlands 6,510 153,000 8,210 231,000 
South Africa 431 6,340 520 10,100 
United Kingdom 2,440 61,100 5,000 148,000 
Other (23 countries) 591! 7,520! | 1,410 42,400 

Total 29,600 631,000 40,600 1,050,000 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


countries in 2010. 


Source: U.S. Census Bureau. 


TABLE 6 


"Presentation of annual data is based on the quantities (gross weight) of the 10 leading 


U.S. EXPORTS OF MOLYBDENUM PRODUCTS! 


Item 


HTS’ code | 


Molybdenum or ore e and concentrates, roasted 


261 3.10.0000 


Molybdenum ore and concentrates, other 


2613.90.0000 


Molybdenum chemicals: 


_ Oxides 2 and hydroxides. 2825.70.0000 

 Molybdates, all | 2841.70.0000 
Ferromolybdenum |... 7202.70.0000 
Molybdenum powders m 8102.10.0000 
Molybdenum unwrought, bars and rods 8102.94.0000 
Molybdenum waste and scrap  8102.97.0000 
Molybdenum wire 8102.96.0000 
Molybdenum, other Various? 

Total Í 


"Revised. NAN Not available. 


FEES -II— DERE 


2009 2010 | 

Gross weight. Contained Mo Value Gross weight. Contained Mo | Value 
(metric tons) (metric tons) (thousands) (metric tons) (metric tons) (thousands) 
2221820, 18,000 $397,000" 18,800 18,800 $574,000 
11,600 11,600 238,000 21,800 21,800 484,000 
10,600 NA 159,000 6,040 NA 99,300 
1,500 NA 18,000 1,680 NA 26,200 
1,200 827 22,400 1,430 978 33,100 
592 NA 21,100 509 NA 20,900 
25 NA 1,300 273 NA 11,300 
373 NA 7,010 707 NA 12,400 
155 NA 12,000 175 NA 15,200 
641 NA 70,400 872 — NA _ 93,500 
44900 |— МА 946000 52300 ОМА 1,370,000 


Data аге rounded to no more than three significant digits; may not add to totals shown. 
‘Harmonized Tariff Schedule (HTS) of the United States. 
"Includes HTS codes 8102.95.0000 and 8102.99.0000. 


Source: U.S. Census Bureau. 
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TABLE 7 
U.S. IMPORTS OF MOLYBDENUM PRODUCTS, ВУ PRODUCT AND COUNTRY! 


o NNNM 2010 
Quantity Value " Quantity ^ Vale | 
Product and country Е HTS' code (metric tons) (thousands) (metric tons) (thousands) 
Oxides and hydroxides, gross weight: 2825.70.0000 | СИ 
СМЕ 148 $2,360 38 $9510 
China 20 605 16 337 
ае. 23 148 2 18 
Мехісо mE й с Ы 92 1,760 
Uzbekistan Е m " 20 529 
Other (3 countries) 18 220 (а) 3 
Total — ЕИ 209 3,330 508 12,200 
Molybdates, all, contained weight: | Various? 
Belgium __ 4 587 5 711 
Chile o aa 434 14,800 468 16,000 
. China | | 198 4,270 400 11,800 
. Germany ЛИ е -- 39 896 
Тарап ЖҮН | 17 663 15 549 
Other (4 countries) | (22 0 4 R | 110 
Do мень авы 657 20,500 928 30,100 
Molybdenum orange, gross weight: | 3206.20.0020 
“Canada | 227 1,960 247 2,220 
Colombia 12 64 10 49 
— Germany ЕР u T ui 6 29 
Mexico е. 25 134 50 293 
_ United Kingdom Қ | | | -- T 30 78 
| Other (5 countries) "ETIN ЕКЕ. | 18 7 56 
Total 269 2,170 350 2,730 
Ferromolybdenum, contained weight: d 7202.70.0000 
Belgium | MEN 21 571 89 3,290 
Canada 87 2,790 348 14,300 
сее 1,730 41,200 2,520 39,800 
“Korea, Republic of 000000 х n 99 3,740 
United Kingdom — — E 72 2,140 340 11,900 
 Other(llcounrie) о | 15 340 _ 109 6560 
БЕСТЕН и 2,030 50,100 3,560 130,000 
Other, gross weight:’ ПИНК Various" | 
Austria 387 18,800 334 23,200 
“Canada 0 5 526 85 3,250 
China” 408 15,700 1,070 43,800 
German ана 59 2,530 114 6,040 
“HongKong  —.-. 9 424 4l 1,770 
“Japan 24 1,460 59 2,390 
“Mexico (4) 25 25 и! 
aq CHE E B 40 1,680 
нь 12 1,350 28 3,130 
| Taiwan а (4) 42 18 697 
| Other (20 countries) | MENO 22260 — 2,110 29. 2222 1,780 
= Total MEN |. 970 4300 184 873500 
-- Zero. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
?Harmonized Tariff Schedule of the United States. 
Presentation of'annual data based оп the quantities (gross weight) of the five leading countries in 2010. 
^Less than 4 unit. 
5Includes HTS codes 2841.70.1000 and 2841.70.5000. 
Ferromolybdenum contains about 6096 to 65% molybdenum. 
"Presentation of annual data based on the quantities (gross weight) of the 10 leading countries in 2010. 
—2010 
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TABLE 7—Continued 


U.S. IMPORTS OF MOLYBDENUM PRODUCTS, BY PRODUCT AND COUNTRY! 


‘Includes HTS codes 8102.10.0000, 8102.94.0000, 8102.95.3000, 8102.95.6000, 8102.96.0000, 8102.97.0000, and 8102.99.0000. 


Source: U.S. Census Bureau. 


ROASTED AND OTHER CONCENTRATES), BY COUNTRY! 


TABLE 8 
U.S. IMPORTS OF MOLYBDENUM ORE AND CONCENTRATES (INCLUDING 


2009 


Quantity 


(metric tons of 


Value 


2010 
Quantity 


(metric tons of 


Value 


Country contained Mo) (thousands) contained Mo) (thousands) 
Belgium -- - 25 9782 
Canada 2,000 $45,700 ` 1,620 51,300 
Chile 1,910 54,100 3,000 99.200 
China -- -- (2) 3 
Germany -- -- 25 935 
Мехісо 1,910 17,000 4,600 53,500 
Peru 1,690 32,900 3,680 108,000 

Tota] 7,520 150,000 12,900 314,000 
— Zero. 


Data are rounded to no more than three significant digits; may not add to totals shown. 


?Less than 16 unit. 


Source: U.S. Census Bureau. 


TABLE 9 
U.S. IMPORTS FOR CONSUMPTION OF MOLYBDENUM PRODUCTS! 


по E UTE MEE НЕ RENE е л ыы еы RR RR ССС ССС 
2009 2010 


Gross weight Contained Mo Value Gross weight Contained Mo Value 


Item HTS? code (metric tons) (metric tons) (thousands) (metric tons) (metric tons) (thousands) 
Molybdenum оге and concentrates, roasted 2613.10.0000 _ 7,180 4,800 $94,800 10,300 6,340 $111,569 
Molybdenum ore and concentrates, other 2613.90.0000 5,590 2,720 54,900 13,500 6,610 202,102 
Molybdenum chemicals: 
Oxides and hydroxides 2825.70.0000 209 NA 3,330 508 NA 12,162 
Molybdates, al] Various? 1,170 657 20,500 1,650 928 30,129 
Molybdenum orange 3206.20.0020 269 NA 2,170 349 NA 2,729 
Ferromolybdenum 7202.70.0000 3,040 2,030 50,100 5,330 3,560 129,638 
Molybdenum powders 8102.10.0000 60 52 2,870 232 221 10,146 
Molybdenum unwrought, bars and rods — 8102.94.0000 107 98 2,880 307 301 10,167 
Molybdenum waste and scrap 8102.97.0000 482 473 15,300 703 682 26,944 
Molybdenum wire 8102.96.0000 15 NA 2,120 19 NA 3,032 
Molybdenum, other /— WVarious" 306 NA 19,800 582 NA 37,549 
Total 19,000 NA 269,000 33,500 NA 576468 
МА Not available, 


'Data are rounded to no more than three significant di gits; may not add to totals shown. 
‘Harmonized Tariff Schedule (HTS) of the United States. 

"Includes HTS codes 2841.70.1000 and 2841.70.5000. 

"Includes HTS codes 8102.95.3000, 8102.95. 6000, and 8102.99.0000. 


Source: U.S. Census Bureau. 
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TABLE 10 


MOLYBDENUM-PRODUCING MINES IN THE UNITED STATES IN 2010 


Copper-molybdenum ore, concentrated. 


Copper-molybdenum ore, concentrated. 


! State and mine County Operator Source of molybdenum 

Arizona: 

Bagdad __ Yavapai | Freeport-McMoRan Copper & Gold Inc. Copper-molybdenum ore, concentrated. 
_ Mineral Park — — Mohave Mercator Minerals Ltd. Do. 

Sierrita Рита | Freeport-McMoRan Copper & Gold Inc. Do. 
Colorado, Henderson Clear Creek do | = Molybdenum ore, concentrated. 
Idaho, Thompson Creek Custer Thompson Creek Metals Co. Inc. | Do — 
Montana, Continental Pit Silver Bow Montana Resources 
Nevada: mE 

Ashdown u Humboldt ^  Win-Eldrich Mines Ltd. Molybdenum ore, concentrated. 

Robinson | “White Pine Quadra Mining Ltd. | 
New Mexico, Questa _ Taos 0 Chevron Mining 0 | — Molybdenum ore, concentrated. 
Utah, Bingham Canyon Salt Lake Kennecott Utah Copper Согр.' Copper-molybdenum ore, concentrated. 
Do., do. Ditto. Е | 
!Wholly owned subsidiary of Rio Tinto plc. 

TABLE 11 


MOLYBDENUM: WORLD MINE PRODUCTION, BY COUNTRY "^ 


(Metric tons of contained molybdenum) 


ЕВЕ 
Country? 2006 | 200 2008 2009 
а 3,900 4,080 4,250 4.150 

Canada 7.712? 6,681 ' 8,602 ' 8,641 € 
Chile 43,278 44912 33,687 34,925 
"o NM 43,900 66,700 81,000 93,500 
МИИН 2,500 3,600 3,700 ' 3.700 
Xazkhsn |... 250 400 400 380 
Kyrgyzstan _____ 250 250 250 250 
Mexico 2,519 6,159 7,812 7,800 
CT MERDA 1,404 1,978 1,899 ' 3,000 
Peru 17,209 16,737 16,721 12,295 
гота 3,100 3,300 3,600 3,800 
Ued saie: 59,800 57,000 55,900 47,800 
Uzbekistan _____ 600 600 500 550 
Total 186,000 212,000 ' 218,000 221,000 


"Estimated. "Preliminary. ‘Revised. 


World totals, 


U.S. data, and estimated data are rounded to no more tha 


"Table includes data available through June 16, 2011. 


3tn addition to the countri 


qu 
^Reported figure. 


antitatively, and available general in 


es listed, North Korea, Romania, and Turkey are thought to produce molybdenum, 
formation is inadequate to make reliable estimates of output levels. 
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n three significant digits; may not add to totals shown. 


2010° 
4,150 
8,261 >“ 
37,186 * 
93,600 
3,700 
360 
250 
10,853 * 
2,500 
16,963 4 
3,800 
59.400 ^ 
550 — 
242000 _ 


but output is not reported 


Бо 
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NICKEL 
By Peter H. Kuck 


Domestic survey data and tables were prepared by Lisa D. Miller, statistical assistant, and the world production tables were 


prepared by Glenn J. Wallace, international data coordinator. 


The global recession of 2008—09 led to a dramatic decrease 
in world nickel mine production. At yearend 2010, several 
nickel mining companies were still struggling financially 
despite increased demand for the metal. World mine production 
bottomed out at 1.41 million metric tons (Mt) of contained 
nickel in 2009 but increased by almost 15% to 1.62 Mt in 2010 
as the global economy improved and prices rose. The London 
Metal Exchange Ltd. (LME) monthly cash mean for nickel 
metal slowly recovered in the first half of 2010 and, despite the 
significant stock buildup in late 2009, ended 2010 at $24,107 per 
metric ton. Substantial imports of nickel by Chinese consumers 
and speculative buying by hedge funds helped support the price 
recovery. Stocks of nickel metal in LME-sanctioned warehouses 
reached an alltime high of 165,870 metric tons (t) at the end of 
January 2010. At yearend 2010, LME stocks stood at 136,890 t, 
down by 1496 from 158,424 t at yearend 2009. 

The 2008-09 global recession affected almost every sector 
ofthe nickel market. Primary nickel usage, however, started 
to recover in early 2010 as demand for stainless steel rose. 
Stainless steel continued to account for more than 6096 of 
global primary nickel consumption (Nickel Institute, 2011). 

In 2010, world production of stainless steel reached an alltime 
high of 31.1 Mt (International Stainless Steel Forum, 2012). 
China was the leading producer of austenitic stainless steel, 
accounting for about 3896 of world output, and also the leading 
consumer of primary nickel. The European Union (EU) was 
the second ranked producer of stainless steel. In 2010, China 
produced more austenitic stainless steel than the United States 
and all of the countries in the European Union combined. The 
year-on-year growth rate for global stainless steel use declined 
by 5.7% (revised) in 2009, but then recovered to 23.2% in 2010. 
On а global basis, nonferrous alloys accounted for about 12% of 
primary nickel use, followed by electroplating and other surface 
finishing, with 1196. Another 1096 was used to produce alloy 
un other than stainless (International Nickel Study Group, 

» P. AI-A12; Vale S.A., 2011c, р. 3—7). 

Reported nickel consumption (primary plus secondary) in the 
Pe States increased by 2396 compared with that of 2009. 
- . consumption of primary nickel was 113,000 t, or 
lace i world consumption. Stainless steel comprised only 
2. consumption, a relatively low percentage 
2-2 кн economically developed countries. The 
nei | е United States Was a reflection of the large 
US 2. ty ш industries and a readily available 
additional I S ios Scrap. U.S. Industry reported melting an 

а! 105,000 t of nickel contained in scrap. 


Legislation and Government Programs 


E | 
17 о With the American Recovery and Reinvestment 
009 (Public Law 111—5), the U.S. Department of 
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Energy (DOE) funded a variety of programs designed to 
encourage more rapid development of renewable energy 
sources. Specific research and development projects included 
domestic manufacturing of advanced batteries; development 
of improved stationary and portable fuel cell power systems; 
development of commercial-scale biorefineries; improved 
design of molten-salt storage facilities at powerplants that 
concentrate solar energy; design and evaluation of parabolic 
troughs, dishes, and heliostats for solar power stations; and 
construction of demonstration facilities designed to recover and 
better utilize geothermal energy (U.S. Department of Energy, 
2012). АП of these expanding subsectors for generating power 
have the potential to be important users of nickel metal and (or) 
nickel-bearing alloys. 

In the United States, domestic use of renewable energy 
increased by 21% from 2006 to 2010, and accounted 
for about 8% of U.S. energy consumption in 2010 (U.S. 
Energy Information Administration, 2011). In fiscal year 
2010, Federal agencies implemented nearly 700 renewable 
energy initiatives. The Departments of Agriculture, Defense, 
Energy, and the Interior were responsible for almost 6094 of 
these initiatives. The 679 identified initiatives supported 7 
different renewable energy sources—bioenergy, geothermal 
hydropower, ocean, solar, waste conversion, and wind (U.S | 
Government Accountability Office, 2012). Implementation | 
of these technologies has the potential to increase the use of 
nickel-bearing steels and superalloys. 

At the beginning of 2010, the U.S. Mint resume i 
of the Jefferson nickel (25% nickel by weight) MAR 
dime (8.3376 nickel). The Mint had suspended production of 
the two coins in April 2009 in response to a slowing econom 
The Mint produced a total of 490.6 million Jefferson nickels А d 
1,119.0 million Roosevelt dimes in 2010, up from 86.64 bs 
nickels and 146.0 million dimes in 2009 (U.S. Mint ШОП), 

Because of the popularity and budgetary benefits of both à 
the 50 State Quarters™ Program and the Territorial Proer 
the U.S. Congress approved the Mint's request to mi қ i 
program in 2010 that would promote the Nation's parks and 
historical sites. As in 2009, minting was limited because p 
sluggish economy. The U.S. Mint produced only 347.0 xS 
commemorative quarters in 2010, down from 636.2 milli = 
in 2009. Each coin weighed 5.67 grams (g) and Son P | 
8.33% nickel; thus 164 t of nickel was contained in the five 
comme | 
Ap morative quarters released in 2010 (U.S. Mint, undated 
т ln мц 

| 3221.4 million Presidential dolla 
ds pas pied coin weighed 8.1 g and contained 2.0% r 
nicke | 

‚ lor a total use of 65 t of nickel (U.S. Mint, undated b, C). 


Mine Development and Production 


Michigan.—Kennecott Eagle Minerals Co. continued to 
develop its Eagle copper-nickel mine near Big Bay. In January, 
the Michigan Department of Environmental Quality (MDEQ) 
formally approved the permits needed to begin construction 
of the $300 million underground mine, after an administrative 
law judge ruled in favor of Kennecott at the conclusion of a 
series of strongly contested cases. Site preparation work began 
in April, with the mine scheduled to be completed by yearend . 
2012. Ore would be trucked from the mine to a renovated mill 
near Champion, where the copper-nickel sulfides would be 
concentrated. The concentrates would then be railed to Ontario, 
Canada, for smelting. Renovation of the Humboldt mill was 
expected to cost about $100 million. In February, the Michigan 
Department of Natural Resources and Environment (the 
successor to MDEQ) issued the necessary permits to refurbish 
and operate the mill (Kennecott Eagle Minerals Co., 2010; 
2012; Michigan Department of Environmental Quality, 2010; 
Pepin, 2010). 

Minnesota.—PolyMet Mining Corp. (Vancouver, British 
Columbia, Canada) was preparing to mine the NorthMet deposit 
pending approval from the State of Minnesota. In late 2009, 
the Minnesota Department of Natural Resources released the 
revised draft environmental impact statement (EIS) for public 
comment. By yearend 2010, a supplemental draft EIS was in 
progress to better analyze the environmental impacts of the | 
project and to more clearly demonstrate that the PolyMet project 
would fully comply with State and F ederal environmental 
standards (PolyMet Mining Corp., 20102). 

The NorthMet deposit, a copper-nickel-platinum group 
element (PGE) deposit at the western end of the Duluth 
Complex, was estimated to have 249 Mt of proven and probable 
reserves averaging 0.2996 copper and 0.08% nickel. Ore from 
the proposed open pit would be shipped to the reconditioned 
Cliffs Erie mill near Hoyt Lakes, MN, for processing through 
flotation. The concentrate would be processed at the Erie site 
in a new hydrometallurgical plant to produce copper cathode, 
nickel-cobalt hydroxide, and a precious-metals precipitate. 

In November 2010, PolyMet agreed to sell $30 million 
worth of common stock to Glencore International AG (Baar, 
Switzerland). The $30 million would be used primarily to fund 
construction of the NorthMet Mine and to modify the Erie 
processing facility. Glencore made a similar equity investment 
of $25 million in late 2009 (PolyMet Mining Corp., 2010b; 
2011). | | 
Duluth Metals Ltd. (Toronto, Ontario, Canada), Franconia 
Minerals Corp. (Spokane, WA), and Teck American Inc. 
(Spokane) continued to actively evaluate disseminated sulfide 
deposits in the Duluth Complex, with a focus on the Mesaba- 
Birch Lake-Nokomis area (Minnesota Minerals Coordinating 
Committee, 2011). In July, Duluth Metals formed a joint venture 
with Antofagasta Plc (London, United Kingdom) to develop 
the Nokomis property. Antofagasta would own 40% of the new 
venture— Twin Metals Minnesota LLC—and would initially 
provide $130 million to the project (Duluth Metals Ltd., 2011, 
р. 1-3, 7-11, 16—17; Newby and Moore, 20 11). | 

Byproduct Smelter and Refinery Production.—The United 
States had no active nickel mines in 2010, although limited 
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quantities of byproduct nickel were recovered at some copper 
and precious metal refineries. In 2010, Stillwater Mining Co. 
shipped 525 t of nickel in crystalline sulfate, up from 388 t 

in 2009. Stillwater mined PGEs in Montana's Beartooth 
Mountains. Concentrates from the company's two mills (East 
Boulder and Nye) were trucked to the company's smelting 
and refining complex at Columbus, MT, where a PGE filter 
cake and byproduct crystalline nickel sulfate containing minor 
amounts of cobalt were produced. In December, MMC Norilsk 
Nickel, Stillwater's majority shareholder, completed the sale of 
all of its common stock in the company to a broad spectrum of 
independent investors. The sale was valued at nearly $1 billion 
and ended Norilsk's 7-year majority ownership in Stillwater 
(Stillwater Mining Co., 2011, p. 9, 16—18, 23-27, 52-54). 

Freeport-McMoRan Copper & Gold Inc. (Phoenix, AZ) 
produced limited quantities of byproduct nickel carbonate at its 
El Paso, TX, copper refinery (Freeport-McMoRan Copper & 
Gold Inc., 2011, p. 26). 

No ferronickel was produced in the United States in 2010 
from either domestic or imported ores. Almost all U.S. 
ferronickel exports were either re-exports or material upgraded 
for special purposes. The steel industry accounted for virtually 
all the ferronickel consumed in 2010, with more than 97% used 
in stainless, heat-resistant, or specialty alloy steels. 

Secondary Production.—At yearend 2009, Horsehead 
Holding Corp. (Pittsburgh, PA) acquired The International 
Metals Reclamation Co. (INMETCO) from Vale Inco Ltd. 
(Toronto, Canada) for $34 million. INMETCO operated 
the only secondary smelter in North America dedicated to 
recycling both chromium and nickel from waste and scrap. 
The smelter at Ellwood City, PA, produced a remelt alloy 
that typically averaged 1396 chromium and 12% nickel. 
Stainless steel producers used the remelt alloy as a substitute 
for ferrochromium and ferronickel. INMETCO was capable 
of processing a wide range of nickel-bearing wastes including 
flue dust, grindings, mill scale, and swarf generated during the 
manufacturing of stainless steel. The smelter also accepted 
filter cakes, plating solutions, sludges, and spent rechargeable 
batteries (Horsehead Holding Corp., 2010). 

Gulf Chemical & Metallurgical Corp. (Freeport, TX) [owned 
by Eramet Group (Paris, France)] was one of a limited number 
of companies worldwide that processed spent catalysts from 
petroleum refineries. The Freeport facility could treat nickel- 
molybdenum and cobalt-molybdenum hydrotreating catalysts 
that had been “poisoned” by nickel and vanadium tied up а 
porphyrins and other organometallic molecules of crude oil. 
Gulf Chemical first roasted and leached the catalysts to recover 
the molybdenum and vanadium. The nickel-and-alumina residue 
was then converted to a crude, but marketable nickel-cobalt 
alloy in a direct-current electric arc furnace (EAF) (Gulf 


Chemical & Metallurgical Corp., undated). 


Consumption 
Apparent primary nickel consumption in the UD 
increased by 2096 to 113,000 t in 2010 from 93,900 t in 4 
The estimated value of apparent primary 
was $2.47 billion, up from $1.38 billion in 20 
increase in the value of primary consumption г 


ry nickel consumption 
09. The sharp 
esulted from à 
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49% increase іп the LME cash price іп addition to increased use 

in the aftermath of the recession. Apparent primary consumption 

plus reported secondary consumption totaled 218,000 t, up from 

174,000 t (revised) ш 2009 (table 1). 

Stainless Steel and Low-Alloy Steels.—In 2010, stainless 
steel producers accounted for 46% of reported primary nickel 
consumption in the United States (table 4) and more than 
60% of primary consumption in the world. Production of raw 
stainless steel and heat-resisting steel in the United States 
totaled 2.20 Mt in 2010, up by 36% from 1.62 Mt in 2009. 
Nickel-bearing grades accounted for 1.54 Mt, or 70% of total 
stainless steel production (American Iron and Steel Institute, 
201 la, p. 72—73; b). 

North American Stainless (NAS) in Ghent, KY, produced 
899,000 t of stainless steel slabs—32% more than that of 2009. 
NAS was able to maintain its leading position in the U.S. flat 
products market during the global economic crisis (Acerinox, 
S.A., 2011, р. 24-25, 178-181). 

In December, ThyssenKrupp Steel USA, LLC and 
ThyssenKrupp Stainless USA, LLC opened the first stage of 
а $5.0 billion steelmaking and processing complex at Calvert, 
AL, which included a hot strip mill for processing 3 million 
metric tons per year (Mt/yr) of carbon steel slab from Brazil 
and can produce 4.1 Mt/yr of carbon steel end products. The 
second stage was to include a stainless steel meltshop capable 
of producing up to 1 Mt/yr of stainless steel slabs. The stainless 
slabs would be rolled at the new hot strip mill. The startup 
ofthe stainless steel meltshop was scheduled for December 
2012. The meltshop would have a 160-t capacity EAF, a 180-t 
capacity argon oxygen decarburization (AOD) converter, and 
а 1,900-millimeter (72-inch) continuous caster. Of the $5.0 
billion, $1.4 billion was being invested in the stainless melting 
and rolling part of the Calvert complex (ThyssenKrupp AG, 
2010; ThyssenKrupp Steel USA, 201 0). 

Superalloys and Related Nickel-Based Alloys.—Of the 
primary nickel consumed in the United States, approximately 
21% was used to make high-performance superalloys and 
related nickel-based alloys for the aerospace, electric power, 
and petrochemical industries. Flat or declining sales to 
manufacturers of jet aircraft engines and other sectors of the 
aerospace industry were offset by rising sales to the electrical 
energy and defense sectors. 

Since 2007, U.S. aerospace sales have steadily increased in 
the military aircraft, space, and missile sectors of the industry. 
Civil aircraft sales, in contrast, fell from an interim high of 
$42.9 billion in 2007 to $36.6 billion in 2010 in terms of 
ach ae nding echelon оош бге дес 
high and volatile price of jet fuel, which hurt апе лен 
ae Ў of jet fuel, Which hurt airline revenues; 
ағашты ine regulations; and the reduced availability 
te United 5. Lower demand for commercial aircraft in 
flet by subst ih the European Union (EU) was partially 
Bast, Shipments o а of aircraft to Asia and the Middle 
осо. ( 2... civil Jet transport 
global basi M n : ^ from 481 (revised) in 2009. On a 
manufactures o A .S. and The Boeing Co., the two leading 
а i jet transport, delivered a total of 972 

alt in 2010, a slight decrease from the 979 in 
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2009 (Aerospace Industries Association, 2011, p. 3—7, 9-14; 
Airbus S.A.S., 2011; Nowlin, 2011). 

In May, General Electric Aviation (an operating unit of 
General Electric Co.) signed a long-term sourcing agreement 
with Allegheny Technologies Inc. (ATI) to ensure an adequate 
supply of the nickel-based ATI 718Plus® superalloy, which has 
a wide variety of applications in jet engines and industrial gas 
turbines. The improved superalloy provides а nominal 55 °С 
(100 °Е) temperature advantage over the traditional 718 
alloy, enabling a jet engine of the same design to operate at a 
higher temperature. ATI has had a similar long-term sourcing 
agreement with Rolls-Royce plc (London, United Kingdom) for 
related alloys since 2009 (Allegheny Technologies Inc., 

20108, b; 2011, p. 5, 10, ЕЗ, Е25-Е26). 

Nickel Use in Industrial Gas Turbines.—The use of natural 
gas for power generation has been increasing in recent years, 
spurring consumption of nickel for industrial gas turbines 
(IGT). The U.S. Energy Information Administration (EIA) 
has projected that the share of U.S. electric power generation 
from natural gas will rise to an average of 26.096 in 2015 from 
an average of 22.7% in 2010. ATI718Plus® could play an 
increasingly important role in the design and manufacturing of 
advanced turbines (Allegheny Technologies Inc., 2011, р. 15; 
U.S. Energy Information Administration, 201 l, p. 2-4, 37-40, 
78—80, 132; 2012). 

Similar, high-performance, nickel-based superalloys were 
already being used in a variety of both gas and steam turbine 
components. Doncasters Group Ltd. (Burton-Upon-Trent, 
Staffordshire, United Kingdom) was a leading manufacturer 
of critical IGT components and assemblies. Doncasters had 
several subsidiaries in the United States that produced, cast 
or machined nickel alloys. Certified Alloy Products Inc. | 
(Long Beach, CA), for example, produced nickel and cobalt 
vacuum-refined superalloys for use in aerospace engine and IGT 
о кыз Southern Tool (Oxford, AL) produced a 
variety of air and vacuum melt inve | 
и stment castings (Doncasters 

Nickel Use in Geothermal Power Stations.—Nickel-base 
superalloys and stainless steel play several important roles in 
geothermal operations. A geothermal powerplant is similar to 
a conventional steam turbine operation except that the steam 
IS piped directly from a subterranean reservoir and must be 
cleaned of its suspended solids and dissolved salts before it 
be used to spin the turbine. Piping made from a nickel-bas | m 
superalloy or austenitic stainless steel is frequently used t s 
minimize corrosion from salts in hot geothermal brines у 

The U.S. geothermal energy industry continued to mak 
headway in 2010 despite financing and permitting dela ў 
In October, Energy Source LLC (El Centro, C A) Wenn 
constructing a geothermal powerplant and chemical complex 


near Calipatria, on the southeastern edge of the Salton Sea in 


southern California. Phase I of the Hudson R | 
anch 

Scheduled to come online in the Spring of 2012 Consens a 
phase 2 would begin in early 2012. Th | 

· ThyssenKrupp VDM 
(Werdohl, Germany) was supplying 12-meter long ка pe | 
pipe fabricated from nickel alloy 625, a brine-resistant all i 
strengthened by the addition of molybdenum and niobiu ч 
(Richter, 2010; ThyssenKrupp AG, 2011; Wald, 201 1) " 


struction of 


In Nevada, Gradient Resources Inc. was preparing to launch 
the first phase of its Patua greenfield power project in Lyon 
County, east of Reno. Production well drilling started in 2010 
(Chichon, 2012). DOE was evaluating an enhanced geothermal 
system (EGS)—Desert Peak—near Fernley in the Hot Springs 
Mountains of neighboring Churchill County. The DOE EGS 
stimulation well was adjacent to the existing geothermal power 
station operated by Ormat Technologies Inc. (Reno, NV) 

(U.S. Department of Energy, 2009, p. 1-14). 

Nickel-Based Batteries and Hybrid Electric Vehicles.—U.S. 
demand for nickel in rechargeable batteries continued to 
increase. In 2010, most of the newer hybrid electric vehicles 
(HEVs) on U.S. highways used nickel-metal hydride (NiMH) 
batteries. Ford Motor Co., Honda Motor Co., Ltd., and Toyota 
Motor Corp. have all relied on NiMH batteries because of their 
proven durability, stability, and safety (Voelcker, 2010). 

The battery market remained highly competitive and a 
variety of lithium ion (Li-ion) and lithium phosphate batteries 
began making inroads against the standard NiMH design. 

As an example, the Chevrolet Volt, an electric vehicle with 
extended range, has a Li-ion battery pack with 288 rectangular 
cells (General Motors Co., 2012). Some of the new proprietary 
lithium-ion batteries reportedly have four times the energy 
capacity of equivalent nickel-cadmium batteries and twice that 
of the newer NiMH products. | 

The General Electric Co. was converting a steam turbine | 
assembly facility at Schenectady, NY, to a battery manufacturing 
facility. The $100 million facility was expected to manufacture 
sodium-metal halide batteries containing nickel chloride as a 
key component. The advanced battery, designed for data centers 
and backup power, reportedly can store three times more energy 
than an equivalent conventional lead-acid battery (Rotman, 


2012). 


Stocks 


1, 2010, stocks in LME warehouses worldwide 
Meere t. LME stocks, which had been slowly building 
up from an alltime (end-of-month) low of 3,366 t in January 
2007, peaked at 165,870 t on January 31 , 2010. They then 
declined to 118,380 t on July 31, before rising to 136,890 t at 

earend. Data collected by the International Nickel Study Group 
(IN SG) indicated that, at yearend 2010, world nickel producers 
[excluding those in Austria, China, Macedonia, Kosovo (listed 
Serbia by INSG), and the Ural region of Russia] had an 
а 91.300 t of primary nickel stocks. About 7096, or 
» 100 t, of the producer stocks was class I material (refined 
products with a nickel content of 9996 or greater), which 


| : f decreasing quantity, electrolytic cathode, 
inele пи der, and rondelles. The remaining 30% 


| ow 
briquets, p products with a nickel content of less 


II material ( ( el coi 
ш ben which included ferronickel, oxide sinter, and East 
pen utility nickel. All stocks in LME warehouses were class | 


(International Nickel Study Group, 20116, p. A1-A2, A7-A8). 


at yearend 2009 (tables ! and 5). 


Prices 


Nickel prices trended upward in 2010, driven by the 
global economic recovery. However, actions by hedge funds, 
institutional investors, and speculators caused sharp variations 
in pricing to be superimposed upon the general trend. The 
January 2010 average cash price for 99.8%-риге metal on the 
LME was $18,435 per metric ton ($8.362 per pound). A high 
of $26,023 per ton ($11.804 per pound) was reached in April. 
Nickel prices weakened slightly at midyear, declined to $19,383 
per ton ($8.792 per pound) in June, but then slowly began to 
rise again. The monthly average for December was $24,107 per 
ton ($10.935 per pound), about 3096 higher than that of January. 
The average annual LME price was $21,804 per ton ($9.890 per 
pound)—49% greater than the 2009 average. 


World Review 


The world's leading producer of nickel ore was Norilsk 
(Russia), followed by Vale S.A. (Brazil and Canada) and the 
BHP Billiton Group (Australia and United Kingdom). PT Aneka 
Tambang Tbk. (Indonesia) was in fourth place, producing large 
tonnages of direct shipping ore for the Chinese nickel pig iron 
(NPI) industry. Other major producers were Eramet Group 
(France), Jinchuan Non-ferrous Metals Corp. (JNMC) (China), 
and Xstrata plc (Switzerland). 

The global recession dampened acquisitions and mergers of 
nickel producers, with some exceptions. Altona Mining Ltd. 
(West Perth, Australia) took over management of the shuttered 
Hautalampi nickel-copper-cobalt mine along with the Kuhmo 
and Kylylahti copper-nickel projects—all in eastern Finland. 
Chinese companies continued to acquire mining interests | 
throughout the world and signed offtake agreements or similar 
financial instruments with the owners of nickel mines in 
Australia, Canada, and the Philippines. 

In 2010, world use of primary nickel was reported to be 1.46 
Mt—an alltime high—and was 4% greater than the previous 
high of 1.40 Mt in 2006 (International Nickel Study Group, 
2012, p. A-1 and А-5). A few nickel producers continued to 
operate at full capacity, but others cut back production and 
slowed development or postponed projects. 5ome producers 
were concerned about a possible double-dip recession and its 
effect on mid-term nickel prices. A prolonged labor dispute 
crippled Vale Nickel's mining and smelting operations ІП 
eastern Canada and contributed to lower output. Global 
demand continued to be buoyed by upward trending apparent 
consumption in China, which had risen to 575,000 tin 2010 
from 66,800 t in 2000. The Chinese stainless steel industry 
continued to expand and used a record-high 425,000 t of 
primary nickel in 2010, a 2576 increase from the amount 
consumed in 2009. The Chinese stainless steel industry f 
that of the EU in 2009 to become the leading consumer 0 
primary nickel. The steel industry of the EU ШШ, E 
214,000 t of primary nickel in 2010, while the Лара 7012, 
industry was in third place with 90,000 t (Eramet Group, 

p. 31-35). 

Production of raw stainless steel (exc 
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Europe) had increased at a compound annual growth rate of 
5.1% since 1950. That rate included the recession period when 
production dropped from 20.8 Mt in 2007 to 16.1 Mt in 2009 
(Vale S.A., 2011c, р. 4). According to the International Stainless 
Steel Forum (2012), stainless steel production for the entire 
world rose to 31.1 Mt in 2010 from 24.9 Mt in 2009 and 25.9 
Mt in 2008. 

Australia.—Australia was the fourth ranked nickel-producing 
country in the world. Seven companies in Western Australia 
reported producing salable nickel in 2010. One other company, 
plus two of the seven, trucked sulfide ore to BHP Billiton's 
concentrator at Kambalda for further processing [Department of 
Mines and Petroleum (Western Australia), 2011, p. 35—37]. 

Laterite Operations.—The Yabulu refinery of Queensland 
Nickel Pty. Ltd. processed laterite ores purchased from third 
party mines in Indonesia, New Caledonia, and the Philippines. 
In 2010, Yabulu produced about 29,400 t of nickel in compacts 
(a product similar to rondelles) averaging 98.596 nickel or 
greater (Queensland Nickel Pty. Ltd., 2011). 

In February, First Quantum Minerals Ltd. purchased the 
idled Ravensthorpe complex in Western Australia from BHP 
Billiton. First Quantum thought that if $150 million worth of 
modifications were made to the front end of the complex, the 
plant would be capable of producing between 28,000 and 39,000 
буг of nickel metal. Recommissioning was scheduled for late 
2011 (First Quantum Minerals Ltd., 20102; b, р. 9—12). 

The Murrin Murrin joint venture near Leonora, Western 
Australia, used sulfuric acid to leach nickel and cobalt from 
lateritic ores in high temperature, high-pressure autoclaves. The 
laterite mining and processing operation produced 28,378 t 
of nickel, down by 14% from the 32,977 t produced in 2009. 
Murrin Murrin was jointly owned by Minara Resources Ltd. 
(60% interest) and Glenmurrin Pty. Ltd. (a subsidiary of 
Glencore) (40%). Nickel production declined in 2010, owing to 
a pipeline failure in the autoclave circuit in May and a triennial 
statutory shutdown in October. In 201 0, Murrin Murrin mined 
32 Mt (dry) of ore grading 1.29% nickel and 0.093% cobalt. In 
September, the company began developing the Murrin Murrin 

East orebody. In late 2010, Minara also added a sixth reduction 
autoclave and a second flash vessel to the refinery's nickel 
Circuit to make the operation more flexible (Minara Resources 
Ltd., 2011, p. 2, 4, 6, 16, 19). 
| num Operations.—Tasmania.—The Avebury Mine 
nmetals Australia Pty. Ltd. (Melbourne, Victoria)] remained 

on care-and-maintenance Status throughout 2010. Minmetals 
acquired Avebury from OZ Minerals Ltd. as part of a $1.4 
billion buyout in late 2009. | 
қ ыо о 2010, ВНР Billiton's Nickel West 
inpet ine 1. briquettes and powder at Kwinana 
Nie emen a goorlie. Kwinana also produced 
E. E e products, including cobalt-nickel sulfide, 
кеше Ош e. 1. sulfate. The Kalgoorlie smelter 
Tienen р Ll. 0 псы іп finished matte for export. 
of the Se on на 68% nickel. About one-third 
Norther ee ame from the Mount Keith Mine in the 

om Leinster and | region. The remaining two-thirds came 

Ird party mines at Kambalda. 
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Nickel West continued to expand its Mount Keith operation 
and was reevaluating the undeveloped Yakabindie deposit, 25 
kilometers (km) south of Mount Keith. In September 2009, 
contractors began constructing a magnesium oxide flotation 
circuit at Mount Keith designed to separate the talc from the 
pentlandite concentrate, producing a marketable coproduct. 
About 2594 of the remaining nickel ore reserves at Mount Keith 
contain excessive levels of talc. The talc circuit was scheduled 
to come onstream in 2012. The Mount Keith operation also was 
concentrating high-grade ore from the company's new Cliffs 
underground mine, 12 km to the south (BHP Billiton, 2011, 

p. 40-41, 57, 87). 

In 2009, Norilsk Nickel International temporarily suspended 
production at all of its mining operations in Western Australia 
owing to the unfavorable global economic situation. The 
Lake Johnston sulfide flotation plant and all five of Norilsk's 
mines in the Leinster-Kalgoorlie region were still on care-and- 
maintenance status at the end of 2010. The idled mines—all 
underground—included the Black Swan-Silver Swan complex, 
the Emily Ann, the Maggie Hays, and Waterloo (OJSC MMC 
Norilsk Nickel, 2011, р. 52-55, 62). 

Western Areas NL mined 266,000 t of sulfide ore grading 
3.9% nickel and containing 10,479 t of recoverable nickel at 
its Flying Fox underground mine at Forrestania in fiscal year 
ending June 30, 2010. In June, Western Areas commissioned 
the Tim King open pit at its new Spotted Quoll Mine, also in 
the Forrestania District. Ore from the Tim King was grading 
6.3% nickel. The first sulfide concentrate from the company's 
newly upgraded Cosmic Boy mill was shipped to the 
Jinchuan Non-ferrous Metals Group in China for downstream 
processing as part of an offtake agreement. Development of 
the underground portion of the Spotted Quoll ore complex 
was scheduled to begin in March 2011. The new underground 
workings would be reached from a decline being constructed 
: - pit wall of the Tim King [Department of Mines and 

etroleum (Western Australia), 2011, p. 35—36: 
NL, 2010, p. 3-14]. ?» OLL, p. 35-36; Westem Areas 

Brazil. —Four companies mined nickel ore in Brazil in 
2010—Anglo American Brasil Ltda., Cia. de Nickel do Brasil 
Grupo Votorantim, and Mirabela Nickel Ltd. Two major mi i 
and metallurgical processing complexes were essentiall = 
completed—the Barro Alto ferronickel smelter and refi NE 
Goias State (Anglo Ameri & 22 

| 8 erican plc) and the Onca Puma minin 
and ferronickel complex in Para State (Vale Nickel). In M | 
however, Votorantim Metais Niquel S.A. (a subsidia of Оп i 
Votorantim) reportedly suspended work on its new Nic rd 
ferronickel smelter in Goias State. ае араа 

Votorantim Metais was the leading prod : 
nickel in Latin America and HE. : ike 
in Sao Miguel Paulista, Sao Paulo State capable of а 
23,000 t/yr of electrolytic nickel and 1 420 t/ e 

i > yr of electrolvti 
cobalt. The Sao Miguel Paulista refinery used intermedi 2s 
nickel carbonate from the company's operation in n = : 
for feed. The electrolytic nickel was 99.9% pure 2. 
registered on the LME. The sulfide smelter of Votora ка | 
at Fortaleza de Minas, Minas Gerais State, produced 148 2. 
nickel in matte in 2010, primarily for export to Fi „308 t of 

inland, ир from 


ds 18 t in 2009. The matte typically assays 50% to 55% nickel, 
7% to 12% copper, and 0.14% to 1% cobalt (Da Silva, 2012: 
International Nickel Study Group, 20116, p. B-10; Votorantim 
Metais, 2008). 

In October, Vale Nickel began ramping up production at its 
new Опса Puma complex in the Ourilandia do Norte District, 
Para State. The Onca and Puma Mines have a combined 82.7 
Mt of saprolitic reserves averaging 1.73% nickel. Ores from 
the two open pits were being blended in coal-fired rotary kilns 
and then charged into electric furnaces to produce ferronickel. 
Опса Рита was expected to reach its full production capacity 
of 53,000 t/yr of nickel-in-ferronickel in late 2012. The entire 
project was expected to cost $2.84 billion (Hatch Ltd., 2011, 

p. 22; Vale S.A., 2011b). 

In December 2010, Anglo American plc began commissioning 
its Barro Alto smelter in Goias State and poured the first molten 
ferronickel in March 2011. When fully operational in late 2012, 
Barro Alto would be capable of producing 41,000 t/yr of nickel- 
in-ferronickel. Capital expenditures for Barro Alto totaled $1.9 
billion. Saprolitic ore from the adjoining Barro Alto Mine was 
already being processed at Anglo's existing Codemin ferronickel 
plant, 170 km away in Niquelandia. In 2010, the Codemin | 
plant produced 8,465 t of nickel-in-ferronickel. The Codemin 
open pit had 7.7 Mt of proven and probable lateritic reserves 
averaging 1.2896 nickel. The Barro Alto open pit had 273 Mt 
of proven and probable lateritic reserves grading 1.68 % nickel. 
The ferronickel plant had two 185-meter-long rotary kilns for 
raw ore and two 83-megawatt (MW) EAFs for 
(Anglo American plc, 2011a; 2011b, p. 39-68). 

In August 2009, Mirabela Nickel Ltd. (Perth, Australia) began 
mining nickel and copper sulfides at its Santa Rita project near 
Ipiau, Bahia State. The crushing, grinding, and concentrating 
complex was commissioned in October 2009. After ramp up 
was completed in 2010, Santa Rita had the capacity to produce 
27,000 t/yr of nickel in sulfide concentrate. Mirabela was 
shipping 50% of the concentrate produced at Santa Rita to- 
Norilsk Nickel's Harjavalta smelter in F inland. The remaining 
5094 was trucked 1,350 km to Votorantim’s F ortaleza smelter 
in Minas Gerais. Mirabela sold 9,956 t of nickel in concentrate 
to Votorantim Metais in 2010 as part of its offtake agreement. 
Santa Rita reportedly had 16.7 Mt of proven reserves averaging 
0.57% nickel and 143 Mt of probable reserves grading 0.52% 
nickel (Mirabela Nickel Ltd., 2011, р. 7-10). mE 

Canada.—Four Provinces had active nickel mines in 
2010—Manitoba, Newfoundland and Labrador, Ontario, and 
Quebec. In addition, companies were evaluating a variety of 
nickel deposits in all but two of the remaining nine provinces or 


calcining the 
final smelting 


territories. | | 
British Columbia.—In 2007, exploration companies began 


discovering disseminated awaruite, a naturally occurring К 
nickel-iron alloy, in the ultramafic complexes of northern British 
Columbia. Nickel has traditionally been extracted from three 
ore types—sulfide ores containing pentlandite and chalcopyrite; 
lateritic ores rich in limonite; or lateritic ores rich in saprolitic 
mineralization such as garnierite. First Point Minerals Corp. 
(Vancouver, British Columbia), however, decided to evaluate 
the awaruite potential of the Decar, Klow, Wale, and four other 
properties in the province. The Decar project, on the west 


51.6 


bank of the Stuart River, is a joint venture with Cliffs Natural 
Resources Inc. (Cleveland, OH). Composite samples from the 
Decar property averaged 0.14% nickel in alloy. Preliminary 
metallurgy work on samples from the Decar property produced 
a ferronickel concentrate grading 2.696 nickel, 2.276 chromite, 
and 52% iron as magnetite. About 80% of the nickel iron-alloy 
was recoverable (First Point Minerals Corp., 2011). 

Manitoba.—Vale Nickel's operations at Thompson produced 
29,800 t of refined nickel in 2010 from ores extracted from the 
Birchtree and Thompson Mines. The Thompson Mine produced 
1.33 Mt of ore grading 1.83% nickel; the Birchtree, 832,000 t 
grading 1.41% nickel (Vale S.A., 2011a, p. 38-39). 

In November 2009, Crowflight Minerals Inc. (renamed 
CaNickel Mining Ltd. in 2011) suspended mining and milling 
for 3 months at its new Bucko Lake Mine near Wabowden. The 
action was taken so that key improvements and upgrades could 
be made to the underground part of the operation. The company 
resumed milling and shipments of concentrate in March 
2010, but suspended operations in October until spring 2011 
(CaNickel Mining Ltd., 2012, p. 4—9). 

Newfoundland and Labrador.—The Ovoid Mine at Vale 
Nickel's Voisey's Bay operation extracted 1,510,000 t of ore 
grading 3.2096 nickel and 2.44% copper. The mined tonnage 
yielded 42,300 t of finished nickel, up from 39,700 t in 2009, 
but down from a record 77,500 t in 2008. A prolonged labor 
dispute that began in August 2009 and continued until January 
2011 was responsible for the substantial drop in production of 
finished nickel. Vale has been constructing a hydrometallurgical 
processing plant at Long Harbour, Newfoundland, since April 
2009. The Long Harbour plant was scheduled to begin operation 
in 2013 using concentrates from Voisey's Bay as feed. In 2010, 
Vale Nickel shipped the high-grade nickel concentrate produced 
at Voisey's Bay to Sudbury and Thompson for smelting and 
downstream processing (Vale S.A., 20 11а, p. 38-39; 2012). 

Ontario.—Sudbury has been the leading nickel-producing 
district in Canada since the discovery of the first ore body in 
1883. Vale Inco's Ontario Division operated at well below 
capacity for most of 2010, owing to a prolonged strike that 
began in July 2009 and lasted until July 2010. The strike was the 
longest in the history of the Sudbury-Port Colborne er Imi 
(Kosich, 2010). As a result, the division produced only 22,40 Т 
of finished nickel in 2010 from its own ores, down from 43,60 
in 2009 and 85,300 t in 2008. The division had seven mines 


operating in 2010. Part of the refined nickel was recovered from 
intermediate nickel oxide at the division's Clydach refinery 
ike, Vale Inco 


in the United Kingdom. Despite the ongoing strike, iat 
continued to develop its new $450 million Totten М. 
partially completed mine produced 16,000 t of ore A. 
2.54% copper and 1.74% nickel in 2010 (Vale S.A., 2 1& 
p. 38—39). | 
Xstrata, Sudbury's other principal producer, mn Ж ui 
1,216,000 t of ore with an average grade of 1.40% nic 


a ter al 

_8). Xstrata's smel 
у г (Xstrata plc, 20110, p. 7—8). ich was 
2.81% copper ( | t of nickel in matte which wa 


Falconbridge produced 73,667 а vay for. 
shipped to ihe сопран а Nikkelverk operations MP 
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Sie body, which was discovered in 2001 and cost $809 million to 
а develop, reached its nameplate capacity of 1.25 Mt/yr of ore in 
"me ! October, 6 months ahead of schedule (Xstrata plc, 2011a, p. 10, 
ка) 34-35, 83, 98). 7 

“it In May, FNX Mining Co. Inc. merged with Quadra Mining 
of Ltd. to form Quadra FNX Mining Ltd. The new company 
op, M operated the Levack/Morrison, McCreedy West, and Podolsky 
id Tim Mines—within 35 km of Sudbury—and retained the mineral 
їзїї rights to the Kirkwood and Victoria properties (Quadra FNX 
ШШШ Mining Ltd., 2011, p. 7-8, 17-32). 
Bie р June 2009, Xstrata suspended mining indefinitely at its 
MV — Montcalm Mine near Timmins after a geotechnical review 
Бш revealed that subterranean rock failure and subsequent 

MU movements had structurally damaged the mine. The Montcalm 
T lix Mine was idle in 2010 owing to safety concerns and the need to 
бшш fully assess the situation (Xstrata plc, 2009; 2011b, p. 8). 

ей: ^ In 2010, Noront Resources Ltd. (Toronto) discovered 
nie additional nickel-copper-PGE mineralization at its Eagle's Nest 
wig; deposit in the McFaulds Lake District. The district is located 
in the James Bay Lowlands, north of the Albany River. The 
wb: district is the site of two massive chromite zones and a variety 
РИ: of nonferrous metal targets in and around a large ultramafic 
emia intrusion—the Ring of Fire (53° N latitude, 86? W longitude). 
Wi) At yearend 2010, the Eagle’s Nest had 11.1 Mt of proven and 
pis! probable reserves averaging 1.68% nickel and 0.87% copper. 
wii! The reserve figures exclude additional nickel-copper resources 
© at Noront's recent “Eagle Two” and “АТ-12” discoveries. 

Мін» Noront was planning to complete a full feasibility study by 

шо yearend 2012. The sulfide concentrate would be slurried and 

ipis! pumped through a pipeline from the underground mine to 

skl! Webequie Junction (Ontario Prospector, The, 2010; Schwartz, 

шї 2010; Noront Resources Ltd., 2011a, р. 1, 4-7, 14—19, b). 

gi ^ Quebec.—Xstrata's Raglan Mine in northern Quebec 

jJ produced 28,237 t of nickel in concentrate, which was 4% less 

i than the 29,262 t recovered in 2009 (Xstrata plc, 2011b, p. 8). 

axti China.—China produced 171,300 t of electrolytic nickel in 

uii 2010, up slightly from 170,600 t in 2009. Electrolytic nickel 
ий Пот Jinchuan Non-ferrous Metals Corp. (JNMC) accounted 
ке for 129,800 t, or 7696 of the national total. JNMC operated the 

mi Yongchang mining complex at Jinchang in Gansu Province. 

id Jilin Jien Nickel Industry Co., Ltd. produced about 7,800 t of 
Ше Меке! in salts in 2010, up from 7,200 t in 2009. Jilin Jien had 
М2 Мо operations in Jilin Province plus the Siziwngqi Mine in 
ш? Inner Mongolia. At least five other companies produced primary 
yf Mekel in China during 2010 (Copper & Nickel Monthly, 2011 
JP 14-15). 
Й | Chinese demand for primary forms of nickel continued to 
: ne and was estimated to have reached 575,000 t in 2010, 
D de d 22% greater than that of 2009. The Chinese stainless 

Ж ustry accounted for 74% of the country’s primary nickel 
і sumption. China was the world’s leading stainless-steel- 
Ў doy. country in 2010, with a crude stainless steel output 
4 112. vm greater than the 9.55 Mt in 2009. Chinese 
; ding on o stainless steel has been increasing at an average 
f Grou ie of 33% since 2000. Five companies—the Baosteel 
| Ltd i. iyi Tsingshan Jinhui Stainless Steel Industry Co., 
| Sec с nzhong Iron and Steel Co. (LISCO), Taiyuan Iron & 
у roup) Co., Ltd. (TISCO), and Zhangjiagang Pohang 
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Stainless Steel Co. Ltd. (ZPSS)—accounted for about 6896 of 
the country's stainless steel meltshop production (Vale S.A., 
2011c, p. 4, 16, A-37; Eramet Group, 2012, p. 39). 

Since 2001, China had consumed more stainless steel 
annually than any other country. In 2010, China consumed 
9.47 Mt of stainless steel, about 3796 of the world total and a 
tonnage larger than the total consumption of Japan, the United 
States, and Western Europe combined. Chinese imports of 
stainless steel had been declining since 2006 and decreased 
to 1.05 Mt in 2010, the lowest level in more than a decade. 
Exports, in contrast, exceeded imports for the first time since 
data were made public in 1998 and rose to a record high of 1.43 
Mt in 2010 (Vale S.A., 2011c, р. 6-7, 12, 16, АЗ7-АЗ8). 

China has a large electroplating industry and a number of 
rechargeable battery manufacturers that use nickel. China's 
plating industry accounted for about 1296 of the country's 
primary nickel demand in 2010, while battery manufacturers 
consumed another 5%. The alloying and foundry sector 
accounted for the bulk of the remaining 9% (Xu Aidong, 2011, 
p. 7; Eramet Group, 2012, p. 39). 

Since 2005, China's stainless steel producers have been 
using relatively inexpensive nickeliferous pig iron (NPI) as a 
substitute for ferronickel and scrap. In 2010, there were more 
than 200 NPI operations in the country. The two most common 
grades contained either 4% to 6% nickel or 10% to 15% nickel. 
The market price for NPI was very close to production costs. At 
yearend, Tsingshan Holding Group Co., Ltd. commissioned a 
new NPI operation utilizing EAF technology in Ningde, Fujian 
Province (Copper & Nickel Monthly, 2011, p. 23—24). 

Indonesia.—PT АпеКа Tambang Tbk. (Antam) increased 
production of both limonite and saprolite as sales to NPI 
producers in China and other overseas customers began to 
improve. The state-owned company mined 6.99 Mt (wet) of 
various laterite ores, approaching the alltime high of 7.11 Mt 
reached in 2007. About 83% of the production was direct 
shipping ore for export—primarily to Australia, China, Eastern 
Europe, and Japan. Antam produced 18,688 t of nickel in 
ferronickel, up 4996 from 12,550 t in 2009. Antam's three 
dp al Pomalaa had a combined capacity of 26,000 t/yr of 

in ferronickel (in the form of ingot and shot averagin 
19% to 21% nickel). The smelting part of h 2-2 5 
8 part of the operati 
70 to 85 wet tons of ore to produce 1 ton of nj MEME 2 
in ferronickel (PT Aneka Tambang Tbk | 20 - 5. 
76-77, 80). ылы а 
of ore averaging 2.00% лы 
| orowako concessions 
on Sulawesi. The production figure represents the amount of 
product delivered to the company's smelter from its adio; | 
dryer kilns. The smelter produced 78,400 t of nickel ; е 
nickel in matte 
for export to Japan, up from 68,800 t in 2009. Vale has a 599 
interest in the Indonesian company (Vale S.A., 20112 a : % 

Madagascar.—The Ambatovy project was n th fü во, 

of construction, with commissionin й — stages 
, nn g scheduled for mid-2012 
In July, crews began mining and Stockpiling оге. At | 
all of the engineering work was finished and const 2. 
80% complete. The Ambatovy project was bei ii dd. 
the Sherritt hydr | eing built around 
y ometallurgical process for recovering nicke] 
and cobalt from lateritic ores. The Ambatovy ore was to be 


31.7 


piped 220 km from the mining area to the processing plant as 

a water-based slurry. At the processing plant, the ore would be 
leached with hot sulfuric acid in autoclaves to produce a mixed 
sulfide intermediate of nickel and cobalt. The mixed sulfide 
intermediate would then be dissolved to produce a concentrated 
solution of nickel and cobalt. The facilities housing the final 
stage of the operation, in which the cobalt and nickel would be 
separated by solvent extraction, still needed to be completed 
(Daigle and others, 2011, р. 152-162; Sherritt International 
Corp., 2011, р. 2-3, 30, 37). 

New Caledonia.—Société Le Nickel (a subsidiary of Eramet) 
produced 39,802 t of nickel in ferronickel at its Doniambo 
smelter. The smelter also produced 13,917 t of nickel in matte, 
which was shipped to Eramet's Sandouville refinery in France 
for conversion into LME-grade metal and chemicals (Eramet 
Group, 2011, p. 22-25; International Nickel Study Group, 
2011a; b). 

At yearend 2010, Vale Nouvelle-Calédonie SAS (VNC, 
formerly named Goro Nickel SAS) was still conducting 
performance tests at its new Grand Sud hydrometallurgical 
plant. Performance testing of the autoclaves began in February, 
but commissioning of downstream operations was delayed when 
two solvent extraction columns failed in April. The solvent 
extraction columns were a critical part of the complex's refining 
circuit. The mixed hydroxide precipitate circuit in the upstream 
part of the operation, however, was able to produce 221 t of 
nickel in a hydroxide cake suitable for further processing at 
Yabulu. The $4.3 billion mining and processing complex was 
expected to have a production capacity of 60,000 t/yr of nickel 
in intermediate product (International Nickel Study Group, 
2011b; Vale S.A., 2011a, p. 34-37). Е 

Société Міпіёге du Sud Pacifique and its joint-venture partner, 
Xstrata, have been developing the Koniambo laterite deposit 
in the Northern Province since February 2007. Nickel was to 
be extracted from the saprolite and converted to ferronickel 
using an improved version of the pyrometallurgical process 
employed at Xstrata’s Falcondo smelting and refining complex 
in the Dominican Republic. By the beginning of 2010, the 
bulk of the site infrastructure was completed for the $3.85 
billion project. Construction of the smelter and 270 MW 
powerplant was essentially finished by January ~ 11. mA 
two plants were assembled onsite from an к of mo 5 
built in China and then transported by ship to the new po 


issioning was scheduled for the second half of 
22 2 | |, the Koniambo smelter should be 


ly operationa | 
2012. When fully ор 0 t/yr of nickel in ferronickel shot, 


ducin 60,00 A 
— pisse v average 35% nickel, 63% iron, шн 
Ww 


cobalt — a of Norilsk’s sales of marketable 

yr di from its Russian operations. The other 21% was 
nickel ieri the company's holdings in Botswana, Finland, and 
generated DY Norilsk’s Australian subsidiary was on care-and- 
South Africa. NOM ilsk's operations on the Kola 


2010. Nor 
maintenance status jd bined output of 235,518 t of 


insulas had a com | ( 
ca 9094 of Russia's primary nickel output for 
nic 


| idiari rted almost all 
Norilsk's two Arctic subsidiaries exporte 
обе only about 10,000 t, or less than 576, 
о 


was sold to Russian consumers (OJSC MMC Norilsk Nickel, 
2011, p. 57-68, 181). 

ОАО Mechel (Moscow) owned and operated the Southem 
Urals ferronickel smelter in Orenburg Oblast’ and the two 
laterite mines—Buruktal and Sakahara— that supplied the 
operation. Mechel produced 16,799 t of nickel in low-iron 
ferronickel in 2010. An estimated 12,600 t was shipped to the 
ports of Kaliningrad and St. Petersburg for export to the EU. 
The remainder was used to make stainless steel at Mechel's 
stainless steel plant at Chelyabinsk (OAO Mechel, 2011, 

p. 102-109). 

Turkey.— In 2009, Meta Nikel Kobalt A.S began mining 
ore at its Yunusemre open pit operation in Eskisehir Province. 
The company also applied for the necessary permits needed 
to construct and operate an ore processing plant near its idled 
Gordes Mine in Manisa Province. Meta Nikel Kobalt has 
reportedly completed the environmental impact assessment 
required by Turkish law in addition to a feasibility study of 
the plant. Between 2003 and 2008, Meta Nikel Kobalt mined 
230,000 t of nickel ore from the Gordes Mine. About 150,000! 
of ore was exported, while the remaining 80,000 t was 
stockpiled. Meta Nikel Kobalt is a subsidiary of Meta 
Madencilik Ltd. Sti. (Mobbs, 2012, p. 56.3, 56.5). 

In December 2010, ENK PLC (formerly European Nickel 
PLC) placed its innovative Caldag heap-leaching project on 
care-and-maintenance status. The company had been evaluating 
the laterite deposit, 15 km north of Turgutlu, since 2002. In 
2004, the Government of Turkey issued an environmental 
license to European Nickel, allowing the company to begin heap 
leaching on a trial basis. In February 2009, the Government 
issued the key forestry permit required to begin construction and 
full development. In June 2010, however, the Turkish parliament 
passed a new mining law that required EKN to apply foran 
updated forestry permit. The new permit was never issued, 
forcing EKN to reassess the viability of the Caldag project The 
project was to have produced 21,000 t/yr of nickel in mixture 
of nickel and cobalt hydroxide. Also in June, European Nickel 
merged with Rusina Mining NL (West Perth, Australia) and 
began focusing its resources on a similar heap-leaching project 
in the Philippines (ENK PLC, 2010; Olchondra, 2010). 


Outlook 


U.S. nickel consumers will probably be dependent on foreign 


sources of refined metal and ferronickel for at least the next 
25 years. The ongoing expansion of nickel laterite mining 
operations in Brazil, Indonesia, New Caledonia, and wed 
tropical countries will help meet the increasing deman 2 
nickel worldwide. The nickel output from both Vale's state- 
of-the-art leach facility in New Caledonia and the company $ 
new Long Harbour plant in Newfoundland 15 Vor 
satisfy the near-term rise in global demand ROS ј 
2014. Long-range forecasts of increasing usage m S de 
have encouraged parastatal companies in China to 8 ат 
development of greenfield laterite mines in Burma, 8 snis 
Guinea, and Turkey. European and North Amp et 
were seriously considering funding large-scale EU 

in Cameroon, Guatemala, the Philippines, and Tanzania. 
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ШТ Exploration companies һауе begun showing renewed interest in 
the nickel mineralization of Cóte d'Ivoire, especially deposits 
only near Biankouma and Yoroudougou. 
bw; Sulfide mines approaching the end of their productive lives 
tim because of dwindling reserves and high operating costs continue 
так, to be replaced. Developments of high-grade sulfide deposits, 
Mts however, are becoming less frequent because the deposits 
Pre; are harder to find and located farther from shipping routes. 
[йк These new projects are more costly to finance owing to their 
АО" remoteness, stricter environmental regulations, and increased 
technical complexity. Advances in extraction technology may 
Ае: offer a solution. As a result of advances in bioengineering, 
пр large-tonnage, low-grade polymetallic sulfide ore deposits like 
ШҮ? those at Sotkamo, Finland, previously passed over, are now 
TT amenable to bioheapleaching. 
кеін Concerns about global warming and associated climate 
теге Changes have encouraged research, development, and 
ый; Construction in the renewable energy sector. In recent years, 
кін; Congress and several Executive Departments have supported 
fije: à Variety of initiatives designed to encourage increased 
"T development and expanded use of renewable energy in the 
nil United States, This support was being driven in part by concerns 
ТІ about continued U.S. reliance on imported petroleum products, 
n" rising energy costs worldwide, and the possible contribution of 
"e fossil fuel combustion products to global climate change. The 
} "P retrofitting of coal-fired powerplants to reduce carbon dioxide 
Lin emissions remains a national issue (Deutch and Moniz, 2009). 
x Many older coal-fired powerplants in the United States do not 
Ри meet current environmental standards, cannot be economically 
vi renovated, and are scheduled to be retired. State-of-the-art 
i powerplants fired by natural gas will replace some of these 
; " coal-based facilities, 
a 2. demand for electricity, however, continues to increase. 
pi meet demand, the power industry will have to build many 
ыр 107 generating stations—stations that either operate on 
renewable energy (geothermal, solar, or wind) or are designed 
to better utilize uranium or thorium (safer, fourth generation 
и оо Development of advanced coal-fired plants, 
e 1! М ones that operate with ultra-supercritical steam, 
" also help. All of this construction would require large 
tonnages of nickel-bearing stainless steel and superalloys 
(Kirsch, 2009; Wong and Coates, 2010). 
Demand for nickel in the transportation sector is also expected 
gi to increase. Chinese, European and North American usage of 
ji nickel- and cobalt-base superalloys was expected to escalate 
й core 2013 and 2017, largely because of increasing demand 
jf “OF New Jet aircraft that have more-fuel-efficient engines. The 
2 Boeing Co. and Airbus S.A.S. both have a large backlog of 
9 2. orders. Boeing forecasts an average growth rate of 
2 Е 10 6% per year for global passenger and cargo air traffic 
j etween 2011 and 203 l. An estimated 33,500 new airplanes 
i Nin have to be built during the 20-year period to meet 
j кш Some energy analysts have predicted that world crude 
j Ol production may peak a decade earlier than predicted— 
) Perhaps as soon as 2014. Significantly higher gasoline prices 
) d encourage the replacement of conventional automobile 
| 16 т. with lighter ones fabricated from stronger stainless 
| : “Пе burgeoning development of renewable energy sources 
aS expected to accelerate research on cost-effective, more 
NICKEL—2010 
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advanced batteries, especially for automobiles and remote power 
stations (Nashawi, Malallah, and Al-Bisharah, 2010; Boeing 
Co., The, 2012, p. 22-26). 
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TABLE I 


SALIENT NICKEL STATISTICS! 


(Metric tons of contained nickel unless otherwise specified) 


. Е _ 2006 2007 2008 2009 2010 
United States: 
Secondary recovery from purchased scrap: | 
___ From ferrous scrap 94,000 84,600 ' 77,500 ' 72,100 * 95,900 
From nonferrous scrap | КЕТЕР o 9,630 ' 9,340 ' 9,250 ' 7,730 ' 8,640 
Shipments of purchased scrap” 143,000 ' 181,000" 161,000" 152,000 161,000 
Exports: 
Primary | | | 2. 8,050 13,100 11,600 7,020 12,600 
Secondary | | EN : 59,300 103,000 94,600 90,000 80,300 
. Imports for consumption: 
Primary " 153,000 125,000 129,000 99,900 129,000 
__ Secondary i uM n 20,300 16,200 20,100 17,700 23,800 
Consumption: ETE HER 
__ Reported: | р с 
Primary — _  _ __ 103,000‘ 103,000" 104,000 83,00: 97,50 
. Secondary, purchased scrap - | 104,000" 94,000" 86,700" 79,900" 105,000 
Total _ К 206,000 ' 197,000 ' 190,000" 164,000! 202,000 
Apparent, primary | | = 144,000 112,000 115,000 93,9007 113,000 
Apparent primary plus reported secondary 247,000 206,000' 202,000" 174,000: 218,000 
_ Stocks, yearend: || Es 
Producers and traders | : и | 6,450 5,690 5,860 5,9077 6240 
Consumer, primary _ | I me 22 7,680" 7,460" 9,290 ' 8,580 ' 11,200 
Consumer, secondary _ _ _ __ 222 6,420 6,600" 6,320" 5590 6,140 
То 20,500 19,700" 21,500" 19,6007 2360 
~ Price, cash, London Metal Exchange: č екен 
| Амегаре annual | Е | dollars per metric ton 24,244 37,216 21,104 14,649 21,804 
Average annual _ dollars per pound 10.997 16.881 9.572 6.645 9.890 
~ Price, 1 8/8 stainless steel scrap, 304, gross weight: x TERM 
| Амегаре annual - | | m | Е |. . ФоПагв рег metric ton 2,057 2,952 2,361 1,462 2,200 
Average annual 000000 Фойішерег long ton 2,090 2,999 2,399 1,486 225 
"bat orbus NE 1,570,000 1,650,000" 1,580,000! 1,410,000" — 1,620,000 


World, mine production 
PPreliminary. "Revised. 


? Defined as scrap receipts less shipments by consumers p 


umer buying 


three significant digits; except prices; may not add to totals shown. 


lus exports minus imports plus adjustments for consumer stock changes. 


price range for 18% chromium, 894 nickel scrap in bundles, solids, and 


3Derived from the average of the Friday cons 
ket (AMM). On November 1, 2006, AMM began reporting prices for Type 316 solids 


clips, Pittsburgh PA, in American Metal Mar 


& clips and has changed its listing for 18/8 bundles, 


solids & clips to Type 304 solids & clips. 
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TABLE 2 


NICKEL RECOVERED FROM PURCHASED SCRAP IN THE UNITED STATES, 


BY KIND OF SCRAP AND FORM OF RECOVERY' 


(Metric tons of contained nickel) 


2009 


Kind of scrap: 


_ Aluminum-base? 
Copper-base 

_ Ferrous-base? 
Nickel-base 


1,620 ' 
1,160 
72,100" 
4,950! 


то 


Form of recovery: 
Aluminum-base alloys 


. Copper-base alloys 


Ferrous alloys 
. Nickel-base alloys 
Total 
"Revised. 


79,900 ' 


1,620 ' 
1,890 ' 
72,200 ' 
4,180 ' 
79,900 ' 


2010 


1,690 
1,280 
95,900 
5,680 
105,000 


1,690 
2,080 
96,900 
3,920 
105,000 


Data are rounded to no more than three significant digits; may not add to totals shown. 
?Primarily borings and turnings of wrought alloys, such as 2218, 2618, 4032, and 8280, 
or special casting alloys, such as 203.0. 


Primarily stainless and alloy steel scrap consumed at steel mills and foundries. 


REPORTED U.S. CONSUMPTION OF NICKEL, BY FORM! 


TABLE 3 


(Metric tons of contained nickel) 


Revised. 


Form 2009 
Primary: _ m 
Metal i Е 72,800 ' 
Ferronickel 9,210 ' 
. Oxide and oxide sinter? | 116 ' 
Chemicals _ _ 864 
. Other I 842' 
Total 0 i 83,800 ' 
Secondary, scrap! - 79,900 ' 
__ Grand total. 


164000 - 


2010 


83,600 
11,400 
214 
1,270 


_ 1020 


797,500 
105,000 


__ 202,000 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes chemical- -grade oxide. 


*Based on gross weight of purchased scrap consumed and estimated average nickel content. 
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TABLE 4 
U.S. CONSUMPTION OF NICKEL, BY USE! 


(Metric tons of contained nickel) 


2010 Grand 
Oxide and Other Total ^ Secondary Grand totalin 
| Use _ Metal Ferronickel oxide sinter Chemicals forms primary (scrap) total 2009 
Consumption reported: 
Cast irons? 61 -- 2 -- W 61 227 58 2и" 
Chemicals and chemical uses 919 -- W W W 919 -- 919 1,740 
. Electric, magnet, expansion alloys 211 W -- -- -- 211 1 212 14] 
. Electroplating, sales to platers _ 7,200 -- -- W W 7,200 -- 7,200 11,500 
. Nickel-copper and copper-nickel alloys 1,450 -- W W W 1,450 2,080 3,30 — 28 
Other nickel and nickel alloys 15,900 W W -- 52 15,900 W 15900 20/0 
Steel: | 
Stainless and heat resistant 33,500 11,100 W -- 163 44,700 94,700 139,000 104,000 
Alloys, excludes stainless КӨКШЕ W W M En ae W 1,430 1,430 63307 
Superalloys 20,100 W -- ] 593 20,700 W 20,700 13,000" 
Other? 4,330 323 212 1,270 214 6,350 6,140 12,00 — 4180' 
.. Total 83,600 11,400 212 1,280 1,020 97,500 105,000 202,000  164000' 
'Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” -- Zero. | 
"Рана are rounded to no more than three significant digits; may not add to totals shown. 
"Under i investigation. 
*Includes batteries, catalysts, ceramics, coinage, other alloys containing nickel, and data indicated by symbol W. 
TABLE 5 
NICKEL IN CONSUMER STOCKS IN THE UNITED STATES, BY FORM, DECEMBER 31' 
(Metric tons of contained nickel) 
| Form | 209700 
Primary: 
Meal — — 6,330 ' 8,350 
Ferronickel 2: 733 821 
. Oxide and oxide sinter | | 75! 82 
.. Chemicals MEM 1,350 1,840 
Other S s 96° 91 
. Tol | | Сао 11200 
Secondary, scrap 5,520 ' 6,140 
Grand total 14,100 ' 17,300 
'Revised. 
"Раја are rounded to no more than three significant digits; may not add to totals shown. 
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TABLE 6 
0.5. EXPORTS ОЕ NICKEL PRODUCTS, ВУ CLASS! 


2009 2010 


RN Quantity Quantity 
: (metric tons of Value (metric tons of Value 
(>; Class contained nickel) (thousands) contained nickel) (thousands) 
_ Primary: 
Unwrought: 
X: Cathodes, pellets, briquets, shot 1,100 $16,800 1,310 $28,300 
Г. Ferronickel 32 1,050 30 1,280 
Y Powder and flakes 1,110 46,700 1,530 67,000 
t Metallurgical-grade oxide? 627 4,850 5,440 33,000 
м. Chemicals: 
ША Catalysts 2,870 221,000 2,920 184,000 
Salts! 1,280 22,500 1,410 31,100 
ШЕ Total 7,020 313,000 12,600 345,000 
ІҢ. Secondary:? 
№. Stainless steel scrap 84,800 777,000 70,300 936,000 
ШЕ Waste and scrap 5,170 36,200 10,000 95,000 
ТІ Total 90,000 814,000 80,300 1,030,000 
|: Grand total 97,000 1,130,000 93,000 1,380,000 
Wrought, not alloyed: 
Bars, rods, profiles, wire 233 6,510 305 7,960 
Sheets, strip, foil 546 13,100 548 17,000 
Tubes and pipes 197 4,630 1,050 10,400 
Total 975 24,200 1,900 35,400 
Alloyed, gross weight: 
Unwrought alloyed ingot m 5,40 128,000 4510 108,000 
_ Bars, rods, profiles, wire 12,700 414,000 15,200 507,000 
Sheets, strip, foil 6,240 197,000 9,270 282,000 
Tubes and pipes 1,920 106,000 2,300 99,200 
Other alloyed articles 4,110 277,000 3,250 324,000 
Total 30,700 — 1,120,000 34,500 1,320,000 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 

"The nickel contents are as follows: metallurgical-grade oxide, 7796; waste and scrap, 5096; and stainless steel scrap, 
7.5%. The salts category contains the following: chemical-grade oxide, sesquioxide, and hydroxide, 65%; chlorides, 
25%; and sulfates, 22%. Other salts and various catalysts are assumed to be 2296 nickel. 


Excludes nickel carbonate. 


Source: U.S. Census Bureau. 
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TABLE 7 
U.S. EXPORTS OF NICKEL PRODUCTS, BY COUNTRY' 


(Metric tons of contained nickel) 


_ 2010 
Cathodes, 
pellets, and Powder 

briquets and Metallurgical- Waste Stainless Mn 
Country (unwrought) flakes Ferronickel grade oxide? and scrap steel scrap Chemicals Total in 2009 
Australia Е я 10 B Ы 639 5 9 663 426 
Belgium 18 4 (5) 12 62 108 328 532 431 
Brazil | 149 41 (5) Ж 5 2 203 395 409 
Сапада 23 146 ЗА 2,030 5,920 1,610 860 10,600 5,00 
China Е 4 199 ы 2 74 6,460 257 7,00 18,700 
Colombia - 52 19 E ы " 4 26 101 74 
Finland | = (5) ы 2 21 3,180 - 3,210 2260 
France M 28 z = 10 45 3 86 77 
Germany 6 349 = 2 294 25 230 906 657 
India 2 92 - 2 29 1,870 272 2270 9460 
Haly 0 Е 2 à Ж 9 23 32 66 52 
Japan 12 60 = 3,370 1,610 5,780 88 10,900 3,690 
Korea, Republic of | 3 60 = 65) 24 10,500 55 10,700 11,00 
Mexico — 848 38 (5) (5) 5 72 728 1,6980 1,180 
Netherlands 1 А _- 356 893 7] 1.330 393 
South Africa 1 3 = 2 52 es 12 18 12 
Spain | -- 2 i zi Ен 974 17 993 814 
Sweden = = 8 = - 122 214 (5) 344 380 
Taiwan | 10 26 (5) 19 33,900 186 34100 29,800 
Thailand к 87 (5) - 2 196 39 344 2260 
United Kingdom 94 94 27 3 762 117 102 1,200 708 
Other | 90 259 3 25 82 4,310 797 5510 1650 
_ Total 1310 1,530 _ 9540 10000 70300 4,20 93000 91000 

-- Zero. 
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Data are rounded to no more than three significant digits; may not add to totals shown. 


"The nickel contents are assumed to be as follows: metallurgical 
category contains the following: chemical 
шун аге assumed to be 22% nickel. 


“Chemical-grade oxide is included in the “Chemicals” category. 
*Excluded from “2010, total.” 


ЗІ ее than % unit. 


Source: U.S. Census Bureau. 
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Wrought 
nickel 
in 2010' 


48 
812 
1% 


; icals 
-grade oxide, 77%; waste and scrap, 50%; and stainless steel scrap, 7.5%. The ar 
-grade oxide, sesquoxide, and hydroxide, 65%; chlorides, 25%; and sulfate, 22%. Other salts and various 
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TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF NICKEL PRODUCTS, BY CLASS! 
и - 
Quantity Quantity 
(metric tons of Value (metric tons of Value 
Class contained nickel) (thousands) contained nickel) (thousands) 
Primary: 
Unwrought: 
Cathodes, pellets, briquets, shot 85,500 $1,210,000 110,000 — $2,320,000 
Ferronickel 6,200 84,900 9,420 186,000 
Powder and flakes 4,450 83,700 6,290 163,000 
Metallurgical-grade oxide? 799 10,800 77 1,610 
Chemicals: 
Catalysts 1,900 78,200 1,690 85,500 
Salts u 1,010 17,400 1,440 33,000 
Total 99,900 1,480,000 129,000 2,790,000 
Secondary? 
Stainless steel scrap 9,310 138,000 14,600 305,000 
Waste and scrap | 8430 112,000 9,130 167,000 
Total | 17,700 249,000 23,800 472,000 
Grand total | 118,000 1,730,000 153,000 3,260,000 
Wrought, not alloyed: u 
Bars, rods, profiles, wire 131 4,260 248 8,360 
Sheets, strip, foil 195 5,180 `340 9,810 
Tubes and pipes 83 4590 _ $89 2,960 
Total 409 14,000 677 21,100 
Alloyed, gross weight: = 
Unwrought alloyed ingot 4,590 63,600 6,860 135,000 
Bars, rods, profiles, wire | 6,450 151,000 8,40 210,000 
Sheets, strip, foil 1,790 41,900 2,570 57,700 
Tubes and pipes 1,670 95,500 1,680 64,000 
Other alloyed articles | 2,820 87,700 1,830 98,900 
Тога! 17,300 439,000 21,500 565,000 


'Data are rounded to no more than three significant digits; may not add to totals shown. 

?The nickel contents are as follows: metallurgical-grade oxide from Australia, 90%; elsewhere, 77%. The salts 
category contains the following: chemical-grade oxide, sesquioxide, and hydroxide, 6596; chlorides, 2596; 
sulfates, 2296; and other salts, which are assumed to be 22% nickel. The typical catalyst is assumed to have a 
nickel content of 2296. Waste and scrap is assumed to be 50% nickel; stainless steel scrap, 7.5% nickel. 


Excludes nickel carbonate. 


Source: U.S. Census Bureau. 
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TABLE 9 
U.S. IMPORTS FOR CONSUMPTION OF NICKEL PRODUCTS, BY COUNTRY! 


(Metric tons of contained nickel)? 


2010 
Cathodes, 


pellets, and Powder Wrought 
briquets and Metallurgical- Waste Stainless Total піск 
Country (unwrought) flakes Ferronickel grade oxide? апа scrap — steel scrap Chemicals Total in2009 2010 
Australia 16,300 603 -- 65 67 -- -- 17,000 10,600 - 
Belgium -- 165 -- -- 5 3 208 381 426 () 
Brazil 3,410 -- -- -- 110 35 -- 3,550 1,770 " 
Canada 17,300 1,680 19 7 1,920 8,510 95 29,500 46,700 7 
Colombia - -- 5,210 - 10 4 -- 5,230 3,800 - 
Dominican Republic -- -- -- -- 11 16 -- 27 238 я 
Finland 5,900 16 -- -- (5) -- 357 6,270 5,780 B 
France 1,400 1 -- -- 1,010 8 378 2,800 2,420 223 
Germany 1,050 108 а = 761 us 343 2,260 1,230 23] 
Indonesia -- -- 546 25 Ši es 3 549 149 - 
Israel -- 13 -- -- 212 24 -- 249 94 S 
Italy -- 10 -- = 108 = 40 158 34° 3 
Japan 1,130 132 = -“ 406 3 121 1,790 1040 27 
Mexico 4 -- 1 -- 678 5,290 24 6,000 2,710 0) 
Netherlands® 62 20 S (5) 106 |: 481 668 342 | 
New Caledonia 5 i: 3,530 2 ИР РА ui 3,530 1,800 
Norway 25,000 = == 2. zs 2. ~ 25000 11,300 Ў 
Russia 32,300 1,390 -- -- 114 -- - 33,800 20,700 0) 
South Africa 422 284 108 -- s -- -- 814 585 5 
Spain ЕИ = " = 83 " (5) 83 65! 2 
Taiwan x 1 25 22 122 271 (5) 394 146 E 
United Kingdom 3,140 1,670 - 6 1,860 77 126 6870 2,580 % 
Zimbabwe 753 e == 55 2e nc 9 762 514 a 


Other 1,980 204 ыы © 1,560 396 937 5,070 2,510 14 
E: nse IAM 1 uu. los e СЕТТІ ЖЕН 
‘Revised. -- Zero. 

‘Data are rounded to no more than three significant digits; may not add to totals shown. 

The nickel contents are assumed to be as follows: metallurgical-grade oxide from Australia, 90%; elsewhere, 77%. The chemicals category contains the 
following: chemical-grade Oxide, sesquioxide, and hydroxide, 65%; chlorides, 25%; sulfates, 22%. Other salts and various catalysts are assumed to be 22% 
nickel. Waste and Scrap is assumed to be 50% nickel; stainless steel Scrap, 7.596 nickel. 

"Primarily oxide, rondelles, and sinter. 
“Excluded from “2010, total.” 
"Less than %2 unit. 


6 : € 
The different nickel products (cathode, powder, etc.) are apparently materials that have transited through bonded warehouses in the Netherlands, including 
warehouses overseen by the London Metal Exchange. 


Source: U.S. Census Bureau. 


51.18 


QOK—2010 
U.S. GEOLOGICAL SURVEY MINERALS YEARB 


ООО 


ТАВГЕ 10 
NICKEL: WORLD MINE PRODUCTION, BY COUNTRY! 


баве — HÓ H 
— Country and products? 2006 2007 2008 2009 2010 
Albania, laterite ore* 790 3,700 23, 500 3,500 3,500 
Australia, ores and concentrate? 185,000 184,900 199,200 165,000 170,000 < 
k Botswana, ore milled* 38,000 27,600 28,940 4 28,595 ^ 28,000 
іі Brazil, ore 82,492 58,317 67,116" 41,059" 108983»? 
ul Burma, ore 10 10 10 10 10 
N s Canada, concentrate 232,948 254,915 259,651 136,594 158,376 P 
W г China’ | | 82,100 67,000 79,500! 84,800" 80,000 
Ж Colombia, laterite ore 94,105 75,864 ' 64,200 ' 79,9900^* 76,200 ° 
3 | Cuba, oxide, oxide sinter, oxide powder, sulfide, 
] s ammoniacal liquor? 73,371 73,934 67,265 70,000 ^* — 71,000* 
Pn Dominican Republic, laterite ore - ЕНЕ 47,516 47,125 31,300 500" = 
ЈЕ Finland, concentrate® 2,985 3,465 ' 4,303 .4,400 * 4,000 * 
(OIN Greece, laterite ore 21,670 21,190 18,646 ' 10,203 ' 16,345 Р 
| B Indonesia, laterite ore* 157,200 ^* 229,200 ^* 219,200: 202,800 235,800 
ДЕ. Kazakhstan, laterite оге“ 200 200 500 500 500 
p Kosovo, laterite ore Š 1,820 3,6607 10,500"7 9,0807 
| Macedonia, ferronickel produced? 10,942 15,321 15,026 12,000 ' 14,000 * 
n Madagascar, laterite ore -- - -- -- 2,100 * 
ї Morocco, nickel sulfate* 80 ^ 80 ' 100 100 100 
| New Caledonia, ore 102,986 125,364 102,583 92,570" 129,983 
ІШ Norway, ‹ concentrate 362 ' 246° 377 336 € 350 
yl Philippines: | 
6 Оге | | 56,463 ' 81,288 ' 70,082 122,709" 153,679 
Е Concentrate? Е 8,242 10,079 10,562 17,035 19,312 
T Total m 64,705 ' 91,367 ' 80,644 139,744" 172,991 
x Russia, marketable mine production: 
я ЕРТ" ПИК 37,758" 45,6877" 36,804" 32,298" 41,84 
ij _ Sulfide concentrate" | _ 239,231 234,083 229,65! 229,493 228,093 - 
ТІ Total | 276,989" 279,70: 266,569: 261,791" 269,277 
Ж South Africa, concentrate 41,599 37,917 31,675 34,605 ' 39,960 
Spain, concentrate 6,398 6,772 8,136 8,029 6,296 
si Turkey, laterite ог“? | 1,500 5 = = - 
" Ukraine, laterite ore 12,000 12,000 8,000 2 > 
Venezuela, laterite оге | | 21,200 18,900 13,000 13,200 11,400 
Zambia, concentrate?  — s Я 751 280^* 2,809 
Zimbabwe, concentrate о 8,825 8,582 6,354 4,858 ' 6,200 
- Grand total 1,570,000 1,650,000: 1,580,000" 1,410,000" 1,620,000 
р Of which: 
Concentrate 4 | 541,000 556,000 552 000 436,000 465,000 
____Огеапдоге milled | 280,000’ 293,000" 269,000! 285,000" 421,000 
.. Lateriteore 00 M 394,000 456,000" 399,000" 353,000" 396,000 
 Ferronickel produced | | mE 10,900 15,300 15,000 12,000 14,000 © 
Nickel sulfate" С“ 80 4 80" 100 100 100 
Unspecified and (ог) undifferentiated 340,000 326,000 346,000" 320,000 321,000 


(Metric tons of contained nickel) 


“Estimated, "Preliminary. ‘Revised. -- Zero. 


‘World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


“Insofar as possible, this table represents recoverable mine production of nickel. Where actual mine output is not available, data related to 


a more highly processed form have been used to provide an indication of the magnitude of mine output and this is noted. Мо Когеа 


тау have an active nickel mine, but information is inadequate to make reliable estimates of output. Table includes data available through 


шу 31, 2012. 


Australian Bureau of Agricultural and Resource Economics (ABARE) data for mines in Western Australia and Tasmania. 


"Reported figure. 
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TABLE 10—Continued 
NICKEL: WORLD MINE PRODUCTION, BY COUNTRY! 


ES EIC ER 
`The Government of Cuba reports figures of nickel-cobalt content of granular and powder oxide, oxide sinter, and sulfide production. The 
cobalt content of reported nickel-cobalt production was determined to be 1.2% for granular and powdered oxide, 1.2% for oxide sinter, 


7.6% for sulfide precipitate, and 33% for leach ammoniacal precipitate. The remainder of reported figures represents the nickel content. 


?Nickel content of concentrate produced at Rio Tuba in 2006-10 by Coral Bay Nickel Corp. 

Nickel content of ore mined in the Ural Mountains region. 

"Nickel content of concentrate produced on the Kola and Taimyr Peninsulas. 

"European Nickel PLC began shipping laterite ore from the Caldag Mine to the ferronickel smelter of Larco General Mining and 
Metallurgical Company S.A. in Greece in 2006. 

Albidon Limited concentrates were shipped to Jinchuan, China. First production was in June 2008. Anticipated specifications for 
concentrates are 13% nickel and 0.7% cobalt. Concentrate production comes from company quarterly reports. 


1 “ Ы ээ 
"Includes Russia, sulfide concentrate. 
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TABLE 11 
NICKEL: WORLD PRODUCTION OF INTERMEDIATE PRODUCTS FOR EXPORT, BY COUNTRY"? 


yee 
ені ш} (Metric tons of contained nickel) 
OF OTK qr 
iin 22 Оошу 2006 20 308 299 ^) 
LRT МЦ eei C Ue Ме lE 
Australia? 39,561 41,612 31,085 35,441 76,290 Р 
Botswana 26,762 22,844 28,940 29,616 29,000 
(Ыз Brazil“ 5,416 3,401 8,3281 8,518" 14308? 
За Canada? 56,628 73,922 76,908 | 68972 70127? 
Chinaf | 758 1,980 3,240 2 1 
Indonesia’ 72,782 77,28 73,56 68,228" 77,86 
New Caledonia |. 13,55 14842 13,64 13900 13917 
Russia? 1,300 ? 670 600 240 206 
Е Zimbabwe" 19 1,600 1,600" 1,700" 2200" 3,500 
Total 218,000 239,000 238,000! 227,000' 285,000 
ш Other, Cuba: 
Sulfide precipitate 30,967 31,116 32,465 33,600' — 34,000? 
Ammoniacal liquor precipitate 3,283 2,907 322 300 * 300 * 
Total 34250 34,023 32,787 33,900%% 34,300° 
— 84250 34,023 32,787 33,900 "°* 34,300* 


"Estimated, "Preliminary. "Revised. -- Zero. 
'Table includes data available through January 31, 2012. Data represent nickel content of matte and other intermediate 
materials produced. 
*World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
Fi igures exclude toll-refined material. Total matte production on a contained nickel basis, in metric tons, was as 
follows: 2006—39,000; 2007—42,000; 2008—3 1,000; 2009—28,000 (revised); and 2010— 54,000. 
*Represents the output of the Fortaleza smelter. AIl of the Fortaleza matte is shipped to Finland for further processing. 
"Nickel content of reported exports. Matte from the smelter at Falconbridge typically assays 55% nickel. 
*Chinese exports were estimated to have a nickel content of 6396. Total matte production on a contained nickel basis, 
in metric tons, was estimated as follows: 2006— 99,800; 2007— 105,000; 2008—114,000 (revised); 
2009— 120,000 (revised); and 2010— 125,000. 
"Represents the nickel output of the Soroako smelter. The Soroako matte is shipped to Japan for further processing and 
contains on average 78% nickel. 
‘Primarily exports to China. Sources: International Nickel Study Group; United Nations Statistics Division. 
‘Reported figure. 
«Zimplats material shipped to the Impala Refinery at Springs, South Africa. 
' Corrected to remove coproduct cobalt. 
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TABLE 12 


NICKEL: WORLD PLANT PRODUCTION, BY COUNTRY AND PRODUCT "2 


(Metric tons of contained nickel) 


Country and product? 2006 2007 2008 2009 2010 
Australia: 
Metal | | 105,100 100,300 89,500 123200 98,000 
Unspecified‘ 11,400 14,200 19,400 8,000 10,000 
Total mn 116,500 114,500 108,900 131,200 108,000 
Austria, ferronickel and ferronickel molybdenum‘ 900 900 800" 100 600 
Brazil:° 
_ Ferronickel NE 9,814 9,918 9,136" 9,4277 8465! 
Metal 21,339 21,635 18,530 16,598 ' 19,111? 
Total 31,153 31,553 27,666 € 26,025 ' 27,576 " 
Canada, unspecified® 146,899 153,647 167,732 116,909 105,413? 
China:’ | 
Ferronickel and high nickel pig iron 31,000 84,500 70,900 100,000 150,000 
Metal 102,000 116,000 129,000 165,000 172,000 
Chemicals and unspecified* 5,000 6,000 8 8,000 $ 8,000 8,500 
Total 138,000 206,500 207,900 273,000 330,500 
Colombia, ferronickel 51,137 49,314 41,636 51,802 49,443 
Cuba, oxide sinter and oxides? 39,121 39,911 34,478 32,800 ^* 34,000 * 
Dominican Republic, ferronickel 29,675 29,130 ' 18,782! -- = 
Finland:'° 
Metal 42,299 49,758 ' 36,181 ' 41,848 42,000 * 
Chemicals and unspecified 5.170 5.206 ' 6,855 ' 5,000 7,160 * 
.. Total | 47,469 54,964" 43,0367 46,848 49,159? 
France: 
Metal 11,700 5 11200 11,400" 12,000 ^* 10,800 
.. Chemicals* | 1,620 ' 2,020 ' 1,840! 1,960 ' 2,080 
Тога!!! СЕ 13,319" 13218: 13236' 13955' 12,879 
Greece, ferronickel | 17,740 18,670 16,650 ' 8,269 ' 13,975 
India:'? 
Ferronickel ee dus (13) (13) (13) (13) (13) 
. Ferronickel magnesium 41 52 93 88 90 
.. Nickel sulfate (14) (14) (14) ад (ч) 
Тош! EN 3 — з 8 9» 
Indonesia, ferronickel 14,474 18,532 17,566 12,550 18,688 
Japan: ee 7 
Ferronickel: 66,668 68,346 59,259 54,491" 6439 
. Metal. 29,254 30,402 34,861 29,351" 40,28 
.. Oxide sinter 53,800! 60,151 60,000 "€ 58.000 "° 59,000 * 
Chemicals 2,531 2.270 2.333 1,669 ' 2,491 
Total 00 .152253' 161169 15600055 144,000 F° 166000: 
Korea, Republic of: 
Ferronickel — | Е 2.506 21,609 20,965 " 
. Metal. (15) (15) (15) (15) (15) 
ELT 05 — ETE 2,506 21,609 20,965” 
Kosovo, ferronickel® | _ = 800 5,600 "'8 6,360 ='6 7,000 
Macedonia, E | PE 10,942 15.321 15,026 12,000 ' 14,000 * 
New Co ae — E Е = > i и 39 E 
Norwa Seul LL = 48,723 44,954 37,467 38,230 , 
ы 81,974 87,590 88,741 88,577 92,185 


Poland, chemicals* | _ | 


И 465 ® 475 415 415 475 
Я O > Ps 


Russia: 
Ferronickel | а“ 
аг io К 14,436 17,111 16,158 15,565 xi 
- 5 
A WA 4, 5,125 ? 
See footnotes at end of table. 4,490 _ 4,690 _ 4,905 
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TABLE 12—Continued 
NICKEL: WORLD PLANT PRODUCTION, BY COUNTRY AND PRODUCT "2 


(Metric tons of contained nickel) 


E Country and product? 2006 | 2007 2008 2009 2010 
Russia—Continued: 
ДЕ Metal 255,045 248,363 242,409 239,269 ' 245,543 
m Oxide sinter _ 2,713 235 -- -- -- 
ШІ. Chemicals? 3,500 3,100 2,900 2,700 2,700 
A Total 280,184 273,499 266,372 262,659 ' 270,372 
South Africa: 
К Ferronickel, high-nickel 100 5,000 4,300 800 780 
di Metal 42,000" 39,800" 32,300" 36,500” 35,700 * 
ON Chemicals” '? 6,360 ' 6,610" 4,450" 4,850! 4,790 
Ir Total 48,460 ' 51,410 ' 41,050 ' 42,150 ' 41,300 * 
Em Taiwan, metal (15) (15) (15) (15) (15) 
| Ukraine, ferronickel”° 15,223 14211 ' 16,224 12,392 12,400 * 
Ii United Kingdom, metal”! 36,770 34,064 38,700 ' 38,000^* 38,000 ° 
Ki Venezuela, ferronickel 16,600 15,700 10,900 10,400 11,700 P 
г Zimbabwe, metal: | 
gu Refined from domestic nickel ore 5,510 8 4,500 3,400 = -- 
yj Toll refined from imported nickel feed? 9,000 9,500 10,300 6,000 * 4,064 * 
Total 14,510 * 14,000 13,700 6,000 ' 4,064 8 
— Grand total 1,350,000 1,440,000 1,390,000" 1,400,000" 1,470,000 
pii . Of which: 
T Ferronickel, including ferronickel magnesium, ferronickel 332,000 397,000 348,000: 360,000: 434,000 
г molybdenum, and high nickel pig iron 
= Metal 742,000 ' 753,000 ' 735,000 ' 796,000 ' 798,000 
li .. Oxide sinter | 95,600' 100,000 94,500" 90,8007 93,000 
i Chemicals, including nickel sulfate — 14,600" 14,6007 12,1007 11,8007 12,700 
"4 _ Unspecified - . 168,000 179,000 202,0007 138,000 131,000 
V "Estimated. "Preliminary. ‘Revised. -- Zero. 
'World totals and estimated data are rounded to no more than three si gnificant digits; may not add to totals shown. 
i "Table includes data available through August 12, 2011. 
ў "In addition to the countries listed, North Korea is thought to have produced metallic nickel and (or) ferronickel, but information is inadequate 
5 to make reliable estimates of output levels. Several countries produce nickel-containing matte, but output of nickel in such materials has been 
1 excluded from this table to avoid double counting. Countries producing matte for export are listed in table 11. 
| “Class II products with a nickel content of less than 9994. Includes oxides and oxide sinter. Excludes intermediate nickel-cobalt sulfide matte, 
7 regulus, and speiss for further refining. 
| *Brazil produced nickel carbonate (an intermediate product for metal production), in metric tons: 2006—2 1,630; 2007— 20,796; 
| 2008—18,580 (revised); 2009— 16,766 (revised); and 2010—21,800 (estimated). 
| "Nickel contained in products of smelters and refineries in forms that are ready for use by consumers. Figures include the nickel content of 
| nickel oxide sinter exported to the Republic of Korea and Taiwan. More information can be found in footnote 15. 
"Preliminary figures for ferronickel and chemicals were derived from data published by Beijing Antaike Information Development Co. Ltd. 
Figures for electrolytic and other class I nickel are based on data provided by the China Nonferrous Metals Industry Association angue 
International Nickel Study Group. In 2006-10, China also produced nickeliferous pig iron from lateritic ores imported from Indonesia, 
New Caledonia, and the Philippines. 
"Reported figure. 
"Cuba also produces nickel sulfide and ammoniacal liquor precipitate, but because they are used as feed material elsewhere, they are not 
included to avoid double counting. More information can be found in table 11. 
Most of the production is extracted from imported raw materials. 
"Reported by Eramet for Sandouville. Excludes secondary production from spent rechargeable batteries. 
"India’s fiscal year ending March 31 of that year stated. | | 
"Vidarbha Nickel Pvt. Ltd. of Nagpur, Maharashtra State, has been producing ferronickel from spent nickel catalysts, but no production data 
were available. The ferronickel typically contains 4796 to 5096 nickel. m" 
Min India, nickel sulfate has been produced in the past as a byproduct at the Ghatsila copper smelter in Jharkhand State. The facility is capable 
of producing 390 tons (gross weight) per year of nickel sulfate, but no production has been reported since 2005. 
NICKEL 20] 0 51.23 
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TABLE 12—Continued 
NICKEL: WORLD PLANT PRODUCTION, BY COUNTRY AND PRODUCT '? 


5Nickel metal production for the Republic of Korea and Taiwan are not included because the production is derived wholly from imported 
metallurgical-grade oxides and to include them would result in double counting. Metal estimates are as follows, in metric tons: Republic of 
Korea: 2006—28,085; 2007—28,675; 2008—28,653; 2009— 20,900 (revised estimate); and 2010—22,000 (estimated). Taiwan: 

2006—1 1,000 (estimated); 2007—1 1,000 (estimated); 2008— 11,000 (estimated); 2009— 11,000 (estimated); and 2010—11,000 (estimated). 
6On F ebruary 17, 2008, the Kosovo Assembly declared independence from Serbia. 

"Nickel content of nickel sulfate. Most of the nickel sulfate was a byproduct of the concentrating, smelting, and refining of domestically 
mined copper ores. Some production, however, may have been derived from imported nickeliferous raw materials that were blended with the 
domestic copper concentrates. 

Includes ferronickel chromium and Ni-resist cast iron. 

"Includes nickel sulfate plus exported metal in concentrate. 

"May include nickel in remelt alloys derived from Scrap. 

*'Tonnages include nickel contents of chemicals. 

2 Data represent production from matte imported from Botswana and nickel sulfate imported from South Africa. 


51.24 


o0K—2010 
U.S. GEOLOGICAL SURVEY MINERALS YEARP 


ИО 


ТАВГЕ 13 
NICKEL: NEW LATERITE PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 2016 


eoo 
oly fie —_——— MM Д - 
Кк}; Estimated Annual 
Time Projected Resource resources production capacity 
RIT year of first Country grade (thousand (metric tons of 
production (state/province) Project and company! (% nickel) metric tons? contained nickel) Nickel product 
T 2010-11 Brazil Onca-Puma 173 110,000 53,000 Femonickel. —— 0 
седи (Pará) Vale Nickel 176 59,000 
2010-12 New Caledonia Vale Nouvelle-Calédonie (formerly Goroy 1.34 96,000 60,000 Nickel-cobalt hydroxide, 
(Southern) Vale Nickel, Société de Participation Miniére 2.01 24,000 initially. 
du Sud Calédonien S.A.S., and SUMIC 1.70 83,000 Nickel oxide, later. 
Netherlands Nickel B.V. (a joint venture 
of Sumitomo Metal Mining Co., Ltd. and 
Mitsui & Co., Ltd.) 
2011 Australia Ravensthorpe (restart) | 0.73 120,000 39,000 Nickel-cobalt hydroxide. 
(Western Australia) First Quantum Minerals Ltd. 0.58 150,000 
0.53 110,000 
% Bnzl ^ ваш ^ 19 9100 36,000  Ferronickel. 
(Goias) Anglo American plc 1.22 9,800 
1.42 63,000 
2011-13 Madagascar Ambatovy (Ambatovy and Analamay deposits) 1.05 84,000 ^ 60,000 Nickel metal powder 
(Moramanga) Sherritt International Corp. (4096), Korea 0.84 22,000 and briquettes. 
Resources Corp. (27.596), Sumitomo Corp. 1.08 29,000 
(27.5%), and SNC-Lavalin Inc. (5%) 
2012 Burma Tagaung Taung 2.02 40,000 22,000 Ferronickel. 
(Thabeikkyin, China Nonferrous Metals Mining Group Co., 
Mandalay) Ltd. (CNMC), Government of Burma, and 
Taiyuan Iron and Steel (Group) Co., Ltd. 
(TISCO) KE u 
2012 Papua New Guinea Ramu mM 0.93 42,000 31,000 Nickel-cobalt hydroxide. 
(Madang) Metallurgical Group Corp. of China Ltd. 1.07 30,000 
consortium (85%), Highlands Pacific Ltd. 1.04 71,000 
(8.5696), and Mineral Resources Development 
eA Co. (6.4494) 2. - 
2012 Philippines = Adlay-Cagdianao-Tandawa 1.61 5.800 20,000 Direct shipping ore. 
(Surigao del Norte Surigao Integrated Resources Corp. (assignment 1.58 13,000 
—________and Surigao del Sur) from CTP Construction and Mining Corp.) | u Я 
2012 Philippines Acoje and Zambales—Stage 1 1.04 22,000 6 24,500 Do. 
(Zambales) DMCI Holdings, Inc. and ENK PLC (formerly 1.03 4,200 6 
European Nickel PLC)’ 1.25 21,000 * 
"T 1.03 2,200 i ПИ КЕСТЕ 
2013 — Australia Lucky Break (Circular Laterite and Dingo Dam) 0.82 590,000 730 Nickel carbonate. 
(Queensland) Metallica Minerals Ltd. (5096) and Metals 0.82 48,000 
Finance Ltd. (50%) 0.75 490,000 
2013 Мем Caledonia Koniambo (saprolite ores) 2.54 21,000 60,000 Ferronickel. 
(Northern) Société Miniére du Sud Pacifique S.A. (5196) 2.45 54,000 
HN and Xstrata Nickel (49%) 250 83000. = a 
2013 Philippines _ Taganito mine and hydrometallurgical 1.14 83,000 ° 30,000 Nickel-cobalt sulfide. 
(Surigao del Norte processing plant 0.95 360 ? 


and Surigao del Sur) Mine ownership—Nickel Asia Corp. (65%), 


Pacific Metals Co., Ltd. (33.5%), and Sojitsu 
Kabushiki-gaisha (SOJITZ) Corporation (1.576) 
Hydrometallurgical processing plant ownership— 
Sumitomo Metal Mining Co., Ltd. (62.5%), 
Nickel Asia Corp. (22.596), and Mitsui & Co., 


See footnotes at end of table. - 
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TABLE 13—Continued 
NICKEL: NEW LATERITE PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 2016 


ананы ағасын ыны DO Estimated Annual 
Projected Resource resources production capacity 
year of first Country grade (thousand (metric tons of 
production (state/province) Project and company! (nickel) metric tons)’ contained nickel) Nickel product 
2014 Australia Barnes Hill, Mount Vulcan, and Scott's Hill 0.82 6,600 2,000 Metal. 
(Tasmania) Proto Resources & Investments Ltd.'° and 
Metals Finance Ltd. 
2014 Philippines Romblon (Sibuyan Island) 1.54 7,300 9,000 Direct shipping ore. 
(Romblon) Pelican Resources Ltd. 
2015 Australia Marlborough (Coorumburra, Slopeaway, and _ 0.99 12,000 63,000 Metal. 
(Queensland) Whereat)''—Stage | 0.91 43,000 
Gladstone Pacific Nickel Ltd. 0.70 70,000 
2015 Australia NORNICO-Greenvale (Bell Creek, Greenvale, 0.96 14,000 10,000  Nickel-cobalt hydroxide. 
(Queensland) Kokomo, Lucknow, and Minnamoolka 0.77 29,000 
deposits) | 0.70 6,000 
uu Metallica Minerals Ltd. 
2015 Cuba Las Camariocas-Yamaguey | 132 110,000 21,000 Ferronickel. 
(Holguin) Quality Cuba S.A. 
2015 Indonesia | Mandiodo | | | | 210 _ 5,000 12 | 12,000 Nickel pig iron. 
| (Sulawesi) — РТ Antam (Persero) Tbk 1.50 28,000 '? | 
2015 Бо. _ NothKonwe ^ ^^ и 150 100000 _ _ 20,000 Ferronickel. 


Jilin Horoc Non-Ferrous Metal Group Co., Ltd., 
PT Billy Indonesia, and Government of 
Southeast Sulawesi 


2016 Australia Mt. Thirsty сс ||. — 0,60 17,000 9,000 Nickel-cobalt sulfide. 
(Western Australia) Barra Resources Ltd. (50%) and Fission Energy 0.51 15,000 
HS Ltd. (5094) 
2016 Do. NiWest (Eucalyptus, Hepi, Mt. Kilkenny, and 1.04 | 34,000 30,000 Юо. 
Wanbanna) 0.99 24,000 
GME Resources Ltd. 0.96 21,000 
2016 Australia Wingellina MEM |. — 100 69,00 _ 40,000 Nickel-cobalt hydroxide. 
(junction of the Metals X Ltd. 0.97 99,000 
Western Australian, 0.97 16,000 
South Australian, 
and Northern 
Territory borders) 
2016 Cameroon Mada and Nkamouna | | ЕТСЕ 60,000 14 3,200 Cobalt-nickel sulfide. 
(East Province) Geovic Cameroon PLC. (60%) and National 0.67 21,000 14 
Investment Corp. (40%) 0.19 20,000 14 


0.59 40,000 !5 


TOTEM а КЕРЕКТІ u Sie 0986 18000075. 2... а 
2016 Мем Caledonia Nakety-Bogota'® 1.47 88,000 !7 52,000 Ore. 


(Nakety-Bogota) ^ Société Gestion—Exploitation des Mines de 1.50 140,000 1% 
Nickel (GEMINI S.A.), Société Minière 
Georges Montagnat S.A., and Société des 


uU | . . . Mines de la Tontouta (Bal lande Group) аннамаа аса 
2016 Philippines Agata (includes Bolobolo-Karihatag and Agata 772 000 250° 7,500 Phase І, direct shipping 
(Agusan del Norte) South) 1.16 540 19 ore. 
Mindoro Resources Ltd. 0.95 13,000 $ 
1.18 29,000 19 
0.80 680 6 | bolt 
1.11 1,700 19 14,000 Phase 2, nickel-coba 
——— P hydroxide, ______ 
See footnotes at end of table, с И Е 
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TABLE 13—Continued 
NICKEL: NEW LATERITE PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 2016 


a ыз НИНА 


Estimated Annual 
Projected Resource resources production capacity 
year of first Country grade (thousand (metric tons of 
production (state/province) Project and company! (% nickel) metric tons ^ contained nickel) Nickel product 
2016 Philippines Mindoro И Sablayan (Buraboy, Kisluyan, and 0.85 17,000 53,000 Metal. 
(Mindoro Oriental) Ѕһабо areas) 0.86 210,000 
Aglubang Mining Corp. (local partner) and 0.77 91,000 
Intex Resources ASA 
2016 ^ Philippines Acoje and Zambales—Stage 2 1.12 30,800 29 24,000 Nickel-cobalt hydroxide. 
(Zambales) DMCI Holdings, Inc. and ENK PLC (formerly | 
European Nickel PLC)’ 
2016 Tanzania Dutwa (Wamangola and Ngasamo Hill) 0.90 60,000 ?! 32,000 Nickel-cobalt hydroxide 
(Northern/ Lake African Eagle Resources plc 0.97 38,000 22 or sulfide. 
Victoria) | 
2016 = Turkey Caldag 1.13 33,000 21,000 Nickel-cobalt hydroxide. 
(Manisa) VTG Nikel Madencilik San. ve Tic. A.S., a 


subsidiary of OreMine Madencilik (OreMine 
Resources) San. ve Tic. AS. 


Do. Ditto. 


‘Company names reflect organizational structure as of January 31, 2012. BHP Billiton Group is a dual listed company comprising 
BHP Billiton Ltd. and BHP Billiton Plc. Vale Nickel is a wholly owned subsidiary of Vale S.A. (formerly Companhia Vale do Rio Doce). 


Gross weight, dry. “Estimated resources” are rounded to no more than two significant digits and represent measured, indicated, and (or) 
inferred resources depending on the project. When two or more data sets are listed, the first resource data represent measured resources; the 
second, indicated resources; and the third, inferred resources, unless otherwise specified. 


Оп December 19, 2008, the name of the project—Goro—was changed to Vale Inco Nouvelle-Calédonie. Vale Inco Nouvelle-Calédonie was 
renamed Vale Nouvelle-Calédonie in May 2010. 


"Data represent mineral resources of only the Ambatovy deposits. Significant additional resources are associated with the Analamay deposits, 
northeast of the Ambatovy mine area. 


?The Chinese consortium is owned by Metallurgical Corporation of China Ltd. (6196), Jinchuan Group Ltd. (1396), Jilin Jien Nickel Industry 
Co., Ltd. (1396), and Jiuquan Iron & Steel Group Co., Ltd. (1394). 

"Limonite. 

Ш June 2010, European Nickel PLC and Rusina Mining NL merged to form ЕМК PLC. 

Zambales—laterit 


Dy metric tons of limonite. Е igures exclude saprolite resources. | | | , 
бы Resources & Investments Ltd. was also evaluati ng the Waite Kauri North laterite deposit near Leonora in er дап 
Тһе Marlborough ores would be supplemented with ores from the mines of Société des Mines de la Tontouta and Société Miniere Georges 
Montagnat in New Caledonia. 
“Measured resources of nickel in saprolite. 
| Measured resources of nickel in limonite. "T 
"Nkamouna deposit—first datum is indicated resources; second is indicated resources; and third is inferred resources. 
"Mada deposit—first datum is indicated resources; and second is inferred resources. 


і 
Ore would be shipped to Queensland for blending with ores from the Marlborough project and subsequent processing. 
Nakety. 


"Saprolite, 

А Acoje only. 

„ Wamangola deposit inferred resource. 
Ngasamo Hill deposit inferred resource. 


Sources: Company annual reports, presentations, and press releases; CRU International, Ltd. 
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| TABLE 14 
NICKEL: NEW SULFIDE PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 2016 


нн C o MN 


production 

Estimated capacity 
Projected Resource resources (metric tons 
year of first Country grade (thousand of contained 


production! (state/province) Project and company” (% nickel) metric tons)” nickel) Nickel product 
2010-2011 Australia Lanfranchi-Deacon 1.93 6,800 18,000 Ore. 


(Western Australia) Panoramic Resources Ltd. 


2010-2011 рә. Prospero 6.39 420 10,000 Concentrate. 
Xstrata Nickel Australasia 6.42 470 
5.03 450 
2010-2011 Ро. Sinclair (underground) 3.88 100 5,500 Ро. 
Xstrata Nickel Australasia 2.50 830 
2.10 710 
2010-2011 Canada Nickel Rim South |. 165 280 1800 Do. 
(Ontario) Xstrata Nickel 1.48 2,500 
кеге лым, 1.60 15,000 
2010-2011 Finland Sotkama 0.22 1,500 50,000  Nickel-cobalt sulfide. 
(Sotkama) Talvivaara Mining Co. Plc 
2010-2011 Canada Bucko Lake (restart) 1.45 3,700 5,000 Concentrate. 
(Manitoba) CaNickel Mining Ltd. 1.52 2,800 
1.34 5,500 
2011 Australia Spotted Quoll Underground—Stage | 4.10 1,700 10,000 _ Do. 
(Western Australia) Western Areas NL 
2012 ро. Cosmic Boy and Diggers’ | 1.46 5 2,100 7000 Do. 
Western Areas NL 2.40 ' 380 
1.00 8 10,000 
ШЕ Ca ~s Raglan-Kikialik 3.10 1,800 24000 По. 
(ОчеВес) Xstrata Nickel 
2012 Finland Kevitsa 29 89,000 10,000 Ро. 
(Lappi) First Quantum Minerals Ltd. 0.32 150,000 
Г 0.29 35,000 
2012-2013 Finland | Outokumpu Copper (Kylylahti mine and. 0.17 620 450  Cobalt-nickel concentrate. 
(Pohiois) Luikonlahti mill) 0.20 7,500 
Казы б Altona Mining Ltd.? 0.18 54 MEN 
2013 Australia Radio Hill and Sho] (bacterial heap leaching) 05 — 600 — 7400 Nickel-cobalt carbonate 
(Western Australia) Fox Resources Ltd. naa 
2013 Canada Fraser Morgan PUR 1.94 _ 4400 6,000 Ore. 
(Ontario) Xstrata Nickel I.81 2,400 
| А 1.70 1,800 HEUTE 
2013 Do. Hart Ы = 1.40 1,500 9,000 Concentrate. 
"E Liberty Mines Inc. 
2013 Do. Totten (plus new Clarabelle mill addition) ^^ 133 ^ 8,400 8,200 Do. 
| x Vale Nickel mM HR 
2013 Сапада Nunavik (South Raglan) [Allammag, Exp, 093 560 6,800 Ро. 
(Quebec) Ivakkak, Mequillon, Mesamax, and TK 0.93 21,000 
deposits] 0.73 5,200 


Jilin Jien Nickel Industry Co., Ltd. and 
Goldbrook Ventures Inc, '? 
. 2013 Chia ^ ^ — 90k Ventures Іпс.10 — — 


2013 China Tula'ergen 1.10 100,000 3,000 Do. 

(Xinjiang Autono- Xinjiang Hami Hexin Mining Ltd. 

mous region/ East 

Tianshan) dd 
2013: United States Eagle 3.47 3,600 17,00 Го. 


(Michigan) Kennecott Minerals Co, (Rio Tinto Group) 3.16 500 cc 
(aad e ee ee d салы 6. 
See footnotes at end of table. ёс 
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TABLE 14—Continued 
NICKEL: NEW SULFIDE PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 2016 


—— 
ЇЇ све и о 
production 
Estimated capacity 
Projected Resource resources (metric tons 
year of first Country grade (thousand of contained 
Nin production! (state/province) Project and сотрапу (% nickel) metric tons)’ nickel) | Nickel product 
r 2014 Сапайа Makwa (formerly Maskwa) 0.54 9,800 . 3,700 Concentrate. о 
oe (Manitoba) Mustang Minerals Corp. "! 
uw 2014 Do. Minago 0.56 11,000 11,000 Do. 
Victory Nickel Inc. 0.51 43,000 
г 0.53 15,000 
Д 2014 Canada Copper Cliff Deep NA 130,000 NA Do. 
(Sudbury) Vale Nickel 
2014 China Heishan 0.60 23,000 5,000 Do. 
E (Gansu) Jinchuan Group Co., Ltd. | 
2014 Finland Kuhmo (Arola, Hietaharju, Peura-aho, 0.55 6,000 3,000 Do. 
o (Oulu) Sika-aho, and Vaara) 
iic Altona Mining Ltd." and Polar Mining Oy | 
2014 United States NorthMet 0.08 580,000 7,100 Concentrate, initially. 
"- (Minnesota) PolyMet Mining Corp. and Glencore 0.08 230,000 Byproduct nickel-cobalt 
International AG hydroxide, later. 
2015 Australia Mt. Windarra 1.24 910 7,000 Concentrate. 
= (Western Australia) Poseidon Nickel Ltd. 1.72 3,000 | 
20015 ро, New Moming/Daybreak | 3.70 72 320 3,000 Ore. 
n Western Areas NL 3.50 12 93 
0.90 13 1,100 
0908 660 
= _ 2015 Canada Onaping Depth 267 15000 10,000 Бо. 
EPIS (Ontario) Xstrata Nickel MEM 3.60 1200 © а =. 
и 2015 Russia Kun-Manie (Falcon, Ikensoe, Maly Krumkon, 0.61 3,700 16,000 Concentrate. 
(Amur) and Vodorazdelny) 0.48 48,000 
с Amur Minerals Corp. | — | 0.54 17,000 | 
| 2015 Тапгата | Кађапра 2.49 14,000 40,000 Do. 
(Kagera region) Barrick Gold Corp. and Xstrata Nickel 2.72 23,000 
2.60 21,000 
& ЕЕ MEE 7 ас“ MEE Do. 
(Son La) Asian Mineral Resources Ltd. and Son La 1.94 12 170 
| Mechanical Engineering JSC 0.59 7 13,000 
0.56 ? 7400 Дә 
E 16 Australia Sherlock Bay o : 038 9,600 8,500 Bioleachate precipitate. 
(Western Australia) Australasian Resources Ltd. 0.39 9,400 
0.44 6,400 
“DG ie, gg Co eren o 9099. Во 
= Fox Resources Ltd. and Jinchuan Group Ltd. 20535 à 350 — _ T 
2016 ^ Botswana Didloi ^ 0.70 4,100 2,000 Nickel-cobalt sulfide. 
(Selebi-Phikwe Discovery Metals Ltd. and Japan Oil, Gas 
——... . тевіоп) and Metals National Corp. | JN 
2016 Canada | Turnagain 0.18 59,000 24,000 Concentrate. 
(British Columbia) Hard Creek Nickel Corp. 0.16 430,000 
0.15 560,000 
2016 Canada Eagle's Nest-McFaulds Lake 2.08 5,400 NA Do. 
(Ontario) Noront Resources Ltd. and Baosteel 1.50 5,600 
а. Resources International Co., Ltd. NEN 1.10 9,000 e EE E D 
206 ро. . Kenbridge (open pit) | 0.42 45,000 3,900 Ро. 
Canadian Arrow Mines Ltd. EET 
<= 
NICKEL 2010 51.29 
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TABLE 14— Continued 
NICKEL: NEW SULFIDE PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 2016 


| "Y = | C$ ој Annual 


production 
Estimated capacity 
Resource resources (metric tons 


Projected 
year of first Country | grade (thousand of contained 
production! (state/province) ^ Project and company’ (% nickel) metric tons}? _ nickel) Nickel product | 
2016 Do. Victoria 2.20 12,500 NA Ore. 
= E QuadraFNX Mining Ltd. 
2016 Сапайа Dumont 0.29 190,000 30,000 Ferronickel. 
(Quebec) Royal Nickel Corp. 0.27 1,200,000 
| e = ра 0.26 700,000 
2016 Do. Raglan-Qakimajung 4.52 2,500 11,000 Concentrate. — 
Xstrata Меке 0-0 ыты са 
22016: Canada | Wellgreen 0.38 290,000 10,000 Do 
(Yukon Territory) Prophecy Platinum Corp. (formerly Pacific 0.69 14,000 
__Coast Nickel) — AR 
2016 Russia Vuruchuaivench 0.23 17,500 NA Metal. 
(Kola Peninsula) ММС Norilsk Nickel-Kola MMC m 
2016 Russia Maslovsky 0.33 220,000 18,000 - Do. | 
(Taimyr Peninsula) MMC Norilsk Nickel-Polar Division č | 
^ 3016 Ѕошћ Africa Sheba's Ridge 0.20 80,000 24000 Do 
(Mpumalanga and Aquarius Platinum Ltd. (39%), Anglo Platinum 0.18 97,000 
Limpopo) Ltd. (35%), and Industrial Development 0.19 430,000 
Corp. of South Africa (26%)! 2. 
2016 United States Nokomis/ Maturi Extension 0.20 ^ 550,000 19,000 Byproduct nickel-cobalt 
0.21 6 270,000 sulfide or hydroxide. 


Birch Lake, Maturi, Spruce Road 
Twin Metals Minnesota LLC" [Duluth Metals 
Ltd. (6096) and Antofagasta PLC (40%)] 


(Minnesota) 

0.17 '8 180,000 
0.16 '? 40,000 
0.25 22 120,000 


0.201? 120,000 --- m 
Hunters Road 0.55 36,000 2,000 Concentrate. 
Bindura Nickel Corp. [Mwana Africa Holdings 


(Pty) Ltd.] 


20 16 Zimbabwe 
(Midlands) 


Do. Ditto. NÀ Not available. 
ars are shown for selected newly commisioned projects where the company is ramping up production. 
BHP Billiton Ltd. and 


| 
Two ye к 
^Company names reflect organizational structure as of January 31, 2012. BHP Billiton Group is a dual listed company comprising 
BHP Billiton Plc. Vale Nickel is a wholly owned subsidiary of Vale S.A. 
d. indicated, and (or) inferred 


“Estimated resources” are rounded to no more than two significant digits and represent measure md 
d resources; the second, indicate 


Gross weight, dry. | 
resources depending оп the project. When two or more data sets are listed, the first resource data represent measure 


resources; and the third, inferred resources, unless otherwise specified. 


*The Sinclair deposit remains open at depth. 

‘Includes Diggers Rocks, Diggers South, Purple Haze, and Seagull resources. 
Diggers areas, probable ore reserves. 

7Cosmic Boy area, indicated resources. 


‘Diggers areas, indicated resources. 
Altona Mining Ltd. was created when Universal Resources Ltd. merged with Vulcan Resources Ltd. in February 2010. 54 
Royalties Inc. on January 12, . 


10 уіп Леп Nickel Industry Co., Ltd. and Goldbrook Ventures Inc. completed their acquisition of Canadian 
Mustang Minerals Corp. was also evaluating the potential of resources at the nearby Mayville property. 


2 ù 
"Massive sulfides. 


Disseminated sulfides. 


á E e è ` , У m1 2 9. 
^ Aquarius Platinum Ltd. acquired Ridge Mining ple т July 2009 and took over management of Sheba's Ridge in August 00 


5 j М» Ls d 
Nokomis deposit indicated resource. 


је Ар 
'Nokomis deposit inferred resource. 


17 : | | T c WR те the project's mineral and land assets. 
In March 2011, Twin Metals Minnesota LLC (TMM) acquired Franconia Minerals Corp., doubling the ргој 


"Birch Lake deposit indicated resource. 
—2010 
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ua e Еш 
PBirch Lake deposit inferred resource. 

Маши deposit resource. 

"Spruce Road open pit resource. 


" Sources: Canadian Minerals Yearbook 2008, 2009; company annual reports, presentations, and press releases; CRU International, Ltd., and the 
214 International Nickel Study Group. 
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NIOBIUM (COLUMBIUM) AND TANTALUM 
By John F. Papp 


Domestic survey data and tables were prepared by Robin C. Kaiser, statistical assistant, and the world production table was 


prepared by Lisa D. Miller, international data coordinator. 


In 2010, U.S. niobium apparent consumption (measured in 
contained niobium) was 8,210 metric tons (t), 95% more than 
that of 2009; U.S. tantalum apparent consumption (measured in 
contained tantalum) was 1,160 t, 145% more than that of 2009. 
No domestic mine production of niobium or tantalum ore was 


reported. 
Legislation and Government Programs 


The Defense Logistics Agency, DLA Strategic Materials 
(formerly Defense National Stockpile Center ) did not plan 
to dispose of niobium or tantalum materials under its fiscal 
year 2010 Annual Materials Plan (AMP) and to announced 
the fiscal 2011 plan. The DLA Strategic Materials did not sell 
niobium or tantalum materials in calendar year 2010. The DLA 
Strategic Materials’ fiscal year 2011 AMP set maximum disposal 
goals for niobium and tantalum materials (niobium materials 
measured in contained niobium, and tantalum materials 
measured in contained tantalum) at zero (Defense Logistics 
Agency—Strategic Materials, 2011, p. 1). DLA Strategic 
Materials suspended the sale of niobium and tantalum materials 
to retain remaining quantities in the National Defense Stockpile 
inventory pending the outcome of the requirements review 
expected in January 2011 (Under Secretary of Defense for 
Acquisition, Technology and Logistics, 2011, p. 2). 


Consumption 


In the United States, niobium was consumed by the 
metallurgical industry; tantalum, by the electronics industry. 
Niobium masteralloys—ferroniobium and niobium-nickel 
alloy—were consumed to produce steel and superalloys. About 
75% of world niobium consumption was used for the production 
of microalloyed steel (Companhia Brasileira de Metalurgia e 
Mineração, undated c). Tantalum was consumed to produce 
capacitors and superalloys. More than 70% of tantalum is 
Consumed by the electronics industry, and most of that goes into 
making capacitors (Serjak and others, 2002). 


Prices 


The annual average price (in dollars per kilogram of contained 
1a,0,) of tantalite peaked in 2008 at $96 and again in 2010 
at 5120. The price peak in 2008 resulted from high demand 
especially from economic development in China. In 2010, the 
di peak took place as markets recovered from the world 
nancial downturn and subsequent recession. 


Foreign Trade 


2. апа tantalum material exports from and imports to 
nited States included ferroniobium; niobium chemicals, 
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metal, ore, and oxide; and tantalum metal and ore. In 2010, the 
values of foreign trade of these niobium and tantalum materials 
were $122 million for exports (46% greater than that of 2009) 
and $504 million for imports (7496 greater than that of 2009). 

The United States exported 281 t of niobium contained in 
niobium materials (44% greater than that of 2009) and imported 
8,490 t of niobium contained in niobium materials (9396 greater 
than that of 2009) (table 1). The United States exported 438 t of 
tantalum contained in tantalum materials (34% greater than that 
of 2009) and imported 1,600 t of tantalum contained in tantalum 
materials (100% greater than that of 2009) (table 2). 


World Industry Structure 


Based on a survey of its members, the Tantalum-Niobium 
International Study Center (TIC) reported annual niobium and 
tantalum raw material production (raw material production by 
members plus receipts of raw materials from nonmembers by 
producers and traders) to have been [in metric tons of contained 
tantalum (t-Ta)]—2005, 1,390 t- Ta; 2006, 948 t-Ta; 2007, 
1,080 t-Ta; 2008, not available; and 2009, 489 t-Ta; and 
[in metric tons of contained niobium (t-Nb)]—2005, 

44,400 t-Nb; 2006, 52,000 t-Nb; 2007, 69,500 t-Nb; 2008, 
67,800 t-Nb; and 2009, 41,000 t-Nb. TIC aimed to resolve 
problems associated with the shipment of tantalum raw 
materials transported as Class 7 materials. Columbite ore 
tantalite ore, and tin slag, as naturally occurring radioactive 
materials, are subject to national transportation regulations 
for such materials, which are usually based on United Nations 
regulations (Schwela, 2010a). 


World Review 


| Burt and Millman (2010) described the scheme to break tl 

linkage between mineral trade and conflict financing: eflectiv 

and cost effective traceability from legitimate digger to ex 

They estimated that the Congo (Kinshasa) and Central Afi ia 

accounted for about 10% of the world’s tantalum redu. 

In 2002-05. Тһе TIC supported the ITRI Tin Supply Ch E 

Initiative (iTSCi) pilot project that would bag and b о 

ore mined in Congo (Kinshasa) permitting its origi 2 

supply chain to be traced. HUS 

The geographic distribution of miner > 

increased for the past 150 years. cing ete = 

States, accounted for nearly all world mineral prod је United 

the mid-19th century, but together now account fo о" 

one-fifth of world mineral production. The world sh 

mineral production from the United States and Eur no 

decreasing, while the share from Australia, C i has been 

Commonwealth of Independent States, and several d am, the 

countries has been increasing. While exhaustion of . 
Се 
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of any mineral or metal is not likely to take place, mineral 
scarcity will likely become an issue in coming decades. The 
displacement of Western countries by developing countries 

as the leading mineral producers has major geopolitical 
implications, because Europe is dependent on foreign supplies 
to satisfy its industrial demand. It is of concern that markets for 
scarce minerals could change from equal access competitive 
bidding markets to markets where trade is conducted under 
long-term supply agreements among large corporations with 
significant government involvement resulting in a marked 
political influence on mineral supply (Kooroshy and others, 
2010, p. 42, 89-93). 

To address its critical materials needs, the European Union 
(EU) developed a raw materials initiative comprised of 
monitoring critical materials, including niobium and tantalum, 
pursuing fair and sustainable supply from global markets, 
fostering sustainable supply from within the EU, and boosting 
resource efficiency and promoting recycling (European 
Commission, 2011, p. 143-147, 188-193). 

The European Commission (EC) identified 41 raw materials 
and metals (relative to other materials and metals) critical to 
the EU based on the geopolitical framework in which they are 
produced and consumed. The EC based criticality on importance 
to the EU economy and supply risk. Supply risk was based on 
environmental risk, concentration of production, recycling, 
and substitution. The EC was concerned that there would be 
inadequate supply to meet emerging-technology demand. 
Niobium was determined to be of high economic importance, 
high supply risk, and high environmental country risk. Tantalum 
was determined to be of high economic importance and supply 
risk, and low environmental country risk. Concentration of 
production [niobium in Brazil, tantalum in Congo (Kinshasa)] 
was identified as the leading contributing factor to supply risk 
for niobium and tantalum. The emerging technology affecting 
demand for tantalum was identified as microcapacitors and 
medical technology. The emerging technology affecting 
demand for niobium was identified as microcapacitors and 
ferroalloys. In addition to increasing demand resulting from 
the emerging technologies identified above, raw material and 
metal demand will increase as the world economy grows. 
China's economy was growing as was that of India, and there 
remain large areas of the world, like Africa, where gross 
domestic product is substantially Jess than that of other areas, 
like Europe, providing possibilities for future economic growth. 
During the past 20 years, the world economy grew at 3.896 
per year until 2004 and then at 596 per year, mainly as a result 
of China's economic growth. Assuming growth of 3.8% per 
year, raw material demand in 2030 was estimated to be 2.4 
times that of 2006. The EC recommended periodic critical raw 
material assessments; improvement of raw materials statistical 
information; EU policies that improved access to primary raw 
materials resources including land access, trade, and investment; 
encouraging recycling; substitution; and efficient use (European 
Commission, 2010а, р. 143-147 (Nb), р. 188—193; b, p. 5, 6, 
12-14, 19, 23, 34—39, 43, 47). 

Australia.—The government of Western Australia reported 
that tantalite production data were not available in 2010; 105 t 
of contained tantalum pentoxide (Та,О,) was produced іп 2009 
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(Government of Western Australia, Department of Mines and 
Petroleum, 2011, p. 21). Australia reported that, as of 
December 31, 2009, Joint Ore Reserves Committee (JORC)- 
compliant proven and probable ore reserves (as stated in 
company annual reports and reports to the Australian Stock 
Exchange) for niobium were not available; and for tantalum 
were 19,000 t of contained tantalum, and accessible economic- 
demonstrated resources for niobium were 115,000 t and for 
tantalum were 51,000 t (Geoscience Australia, 2010, p. 5-6). 

Global Advanced Metals, formerly Talison Tantalum Ltd., 
operated the Wodgina and Greenbushes tantalum mines and 
mineral processing plants, which remained on care-and- 
maintenance status since December 2008 (Schwela, 2010b, 

p. 2). Global Advanced Metals planned to restart tantalum 
production when global inventory of tantalum is balanced 
(Global Advanced Metals, 2010). 

Galaxy Resources Ltd. planned to ship tantalum concentrate 
from Mount Cattlin, Western Australia, near the town of 
Ravensthorpe, to Global Advanced Metals Pty. Ltd., starting in 
2011 at the rate of 90,000 kg of contained Ta,O, per year for the 
next 5 years (Galaxy Resources Ltd., 2010b, p. 8, 10). Galaxy 
reported proved reserves of 2.683 Mt containing 
135 parts per million (ppm) Ta,O, and probable reserves of 
8.684 Mt containing 151 ppm Та,О, at a cutoff grade of 0.4% 
ПО, as of March 31, 2010 (Galaxy Resources Ltd., 20108, 

р. 7). 

Alkane Resources LTD's (2011, p. 5-8) (Dubbo Zirconia 
Project, Toongi deposit, New South Wales), Artemis Resources 
Ltd. (2010, p. 10) (Buchanan's Creek/Grant’s Gully tenements 
south of Georgetown, Queensland), Capital Mining Ltd. (2011, 
p. 20—21) (Narraburra prospect about 12 kilometers (km) 
northeast of Temora, New South Wales) explored for niobium 
and (or) tantalum. 

Brazil.—The National Department of Mineral Production. 
(DNPM) reported that Anglo American Brazil Ltd. (a subsidiary 
of Anglo Americal plc) and Companhia Brasileira de Metalurgia 
e Mineracáo (CBMM) produced niobium, and Mineração 
Taboca produced tantalum. Pereira (2011) reported Brazilian 
niobium mine production of 165,723 t-Nb,O, (tons of contained 
niobium pentoxide) from reserves of 4,499, | 06 t-Nb,O, In 
2009, from which Brazil produced 88,920 1-0,0; contained 
in concentrate, 34,746 t-Nb contained in ferroniobium, and 
2,333 t-Nb,O,. Pontes (2011) reported Brazilian un 
mine production of 218 t-Ta,O, (tons of contained a 
pentoxide) contained in concentrate from reserves 0 
87,782 1-Та,О, in 2009. | T 

Anglo American Brazil Ltd. (a subsidiary M ом 
plc) mined pyrochlore from a carbonatite deposit. mines and? 
(47°48° W, 18°08’ S) is comprised of three Open р! 

; i d that Catalào mine 
processing facility. Anglo reporte 


f ore containing 
1,209,400 t of ore and processed 909,300 4% to produce 


6.6 kilograms of niobium per metric ton 0 ae, ued 
4,000 t 1 ontained niobium in 201 0. JORC-comp'et fo 
, orc 5 | Mt at 1.07% №» 


rves in 2010 were 


and probable rese Anglo American ріс, 201^ 


containing 55,000 t of niobium ( 
p. 191, 198). 


CBMM mined niob 
complex (19°40’ S, 46°57’ W) an 


; natite 
iro carbo 

i from the Barre 

jum ore fciated the ore at 


d bene 
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a mine site by selectively extracting the pyrochlore minerals from 
lui which niobium oxide is separated (Filho and others, 2009). The 
sini deposit contained 440 Mt of ore reserves at an average grade 
MW o6) 50 to 3% Nb,O, that could be mined by open pit methods 
lilii (Riffel, undated). CBMM produced ferroniobium, 
lik pickel-niobium, niobium metal, and high-purity ferroniobium, 
aiak and had production capacities of 90,000 t/yr of ferroniobium, 
welit 3.000 t/yr of high-purity ferroniobium and nickel-niobium, and 
ls; 210 tyr of niobium metal (Companhia Brasileira de Metalurgia 
ива е Mineragáo, undated а, b). 
eu Ста. Estanho Minas Brasil (Mibra) owned by Companhia 
uw Industrial Fluminense (CIF), ап AMG Advanced Metallurgical 
(08) Group М.У. company, was the leading world producer of 
(таға tantalum, with an annual production capacity of 136 t of Ta,O, 
шиза contained in concentrate at Volta Grande Mine (21905' S, 
44°35’ W). Mibra planned to increase production capacity to 
рші: 227 t/yr of Ta,O, contained in concentrate. CIF reported NI 
шіт 43-101-compliant reserves of 6.32 Mt of compact pegmatite 
khi: grading 375 g/t Ta,O, and 92 g/t Nb,O, in 2008 (Schwela, 
(Мн 20106, p. 2-6). 
ІШ: Mineracáo Taboca S.A. mined columbite at the Pitinga 
vi Mine (0°47°01” М, 60°04’43” №). Taboca produced а 
Шие ferroniobiumtantalum alloy containing 45% niobium, 4.5% 
ti tantalum, and 25% iron that was sold for niobium and tantalum 
ms! oxide production (Mineração Taboca S/A, undated а, b). 
Canada.— Canada reported niobium mine production of 
pit 4419 tof contained Nb,O, and no tantalum mine production 
‚ 112010 compared with 4,169 t of contained Nb,O, and 29 t of 
contained Ta,O, in 2009. Niobium was produced in Quebec, and 
Vi tantalum, in Manitoba (Natural Resources Canada, 20112, b). 
Avalon Rare Metals Inc. (Toronto, Ontario) prospected for 
gi Пөбішп and tantalum at its Thor Lake (about 62206720" М, 
112°36° W) property. Avalon completed а prefeasibility study 
até and undertook a bankable feasibility study. Avalon reported 
не Thor Lake probable reserves of 12.01 Mt at 0.41% Nb,O, and 
‚ 0.041% Ta,O,. Avalon planned to produce 1,700 t/yr of Nb,O, 
" and 100 t/yr of Ta,O, (Avalon Rare Metals Inc., 2010, p. 3-7). 
y Commerce Resources Corp. (Vancouver, British Columbia) 
ui prospected for niobium and (or) tantalum at the Blue River 
ші (east of Quesnel, British Columbia), Carbo (northeast of Prince 
| George, British Columbia), and Eldor (south of Kuujjuaq, 
is Quebec) properties that host carbonatite deposits. Commerce 
И a T NI 43-101-compliant Blue River 
" ВЕК : и W), comprising Fir, Verity, and Upper Fir 
1. А ed resources of 36.35 Mt containing 7,090 t of 
29; and 61,650 t of Nb,O, (Commerce Resources Corp., 2011 
, P4, 17-1-17-21). m 
о Согр. (Toronto, Ontario) mined niobium 
2, : ed in pyrochlore mineral from the Saint-Honoré 
j т onatite deposit at the Niobec Mine (about 48°32’ М, 71909: 
2 The cess о capacity was 4,500 Uyr of niobium. 
; њо that 5. | concentrate from which Niobec produced 
ыҚ кы : a converted to standard grade (66% niobium) 
| 2 y aluminothermic reduction. IAMGOLD 
| а. 2. = and mill expansion. IAMGOLD 
contained Nb 5 У me: in 2010 was 4,400 t of 
2008. IAMGOLD 5 e b in 2009 and 4,400 t in 
А t of proven plus probable 
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ore reserves containing 243,800 t of Nb,O, (average ore grade 
of 0.53% Nb,O,). In 2010, IAMGOLD mined 1.792 Mt of 
ore, milled 1.864 Mt of ore, and produced 4,400 t of Nb at the 
Niobec Mine (IAMGOLD Corp., 2011, p. 2, 16). 

MDN Inc. (2011, p. 14) completed a feasibility study in 
March 2011 for its Crevier niobium project (49°30' М, 
72°49' W). The Crevier project reported measured plus indicated 
resources of 25.369 Mt containing 0.196% Nb,O, and 234 ppm 
Ta,O,. MDN planned to start Crevier Mine construction in 2013, 
with possible production of 4,000 metric tons per day from an 
open pit. MDN planned to use conventional] flotation circuit to 
produce primary concentrate followed by niobium and tantalum 
oxide separation using acid leaching (Schwela, 2010b, p. 9). 

Tantalum Mining Corp. of Canada Ltd. (50°26’ N, 95°27’ W) 
suspended mine production at its tantalite mine in Manitoba in 
April 2009 and operated on inventory through November (Cabot 
Corp., 2011, p. 6). 

Niocan Inc. (2011, p. 2) explored for niobium minerals at 
its Oka property near Oka, Quebec. Niocan reported 10.63 Mt 
of measured plus indicated resources of 0.68% Nb,O, as of 
December 2009. 

Nuinsco Resources Ltd. (2011, p. 4) (Prairie Lake, Ontario), 
Quest Rare Minerals Ltd. (2011) (Misery Lake and Strange 
Lake, on the Quebec-Labrador border), Sarissa Resources 
Inc. (2010, p. 58) [Nemegosenda niobium property (48°00' М, 
83°06’ W), Ontario], and Taseko Mines Ltd. (2011, p. 5) (Aley 
prospect, British Columbia) explored for niobium minerals. 

China.—The leading tantalum mining areas were at Yichun 
Jiangxi Province, and Nanping, Fujian Province. TiChun | 
Tantalum & Niobium Mine (27?38'58.10" М, 114931 4.06" E) 
produced tantalum and niobium concentrate. 

King-Tan Tantalum Industry Co. Ltd. in Shishi Industria] 
Zone, Yifeng County, Jiangxi Province, produced niobium 
and tantalum products (King-Tan Tantalum Industry Co. Ltd 
undated). Ningxia Non-ferrous Metals Smeltery (a О 
enterprise) produced niobium and tantalum products (Ningxia 
Non-ferrous Metals Import & Export Corp., undated) | 

Congo (Kinshasa).—Katanga, Kivu, Maniema and Oriental 
Provinces in the eastern part of Congo (Kinshasa) host = 
columbite-tantalite (coltan) deposits (Fetherston, 2004 7] 
Shamika Resources Inc. (Montreal, Quebec, Canada) ul : 
for tantalum and niobium through Shamika Congo Kaleh SR 
(Schwela, 2010b, p. 11). Katanga Province reported colt e 
mineral exports of 159.72 t in 2010. The leading export 2. 
ШЕЛІ; Mineral Resources Sprl (Kitumba, 20] 1) іы 

gypt—Tantalum Egypt JSC [Gippsl | 
Australia) and the Government d imn 5 
tantalite from the Abu Dabbab (25°20’59.42” N TE 
34°13°30.07” E) and Nuweibi (25°12°3,09” N, 34e29»cc | en 
deposits, starting with Abu Dabbab in 2013 (Schw | EN 
р. 7). Gippsland reported proven reserves Ab 2. 
15.20 Mt at 260 g/ u Dabbab were 
g/t Та,О, and probable reserves 15 0 
250 g/t Ta O.. H.C. Stark Group GmbH (Gosla Ge c 
committed to buy 300,000 kilograms per year р e) 
Та,О, for the first 10 years of the mine operati - 2 canned 
Ltd., 2011, p. 8-9, 16). peration (Gippsland 
Germany.— Germany, as an industrialize 


developed nation, grew through technologi d, economica]ly 


ca] innovation, 


German industry relied on imported raw materials supply, 
which emerging technologies would convert into high-tech, 
cutting edge products. Wage cost increased more slowly than 
raw materials cost that accounted for 4396 of manufacturing 
sector cost in 2006 (compared to 1.8% for energy, 22.7% for 
personnel, and 32.5% for other). Niobium and tantalum were 
among 15 vulnerable raw materials identified as needed by 
the German manufacturing industry as a result of the analysis 
of the impact of 32 emerging technologies. German economic 
development depends on secure supply of stably priced raw 
materials (Angerer 2009, p. 1, 2, 9-13). 

Greenland.—Ram Resources Ltd. (Perth, Australia) explored 
the Motzfeldt area (near 61°15' М, 46° W). More exploration 
was required to define JORC-compliant resources (Ram 
Resources Ltd., 2010a, p. 6; Schwela, 2010b, p. 10). 

Malawi.—Globe Metals & Mining Ltd. (Australia) planned 
to bring the Kanyika joint-venture niobium mining project with 
tantalum and uranium byproducts into production in 2013. 
Globe planned to produce about 3,000 t/yr of ferroniobium and 
192 t/yr of Ta,O,. Globe planned to extract oxides of niobium, 
tantalum, and uranium via solvent extraction and to make 
ferroniobium from the Nb,O, (Mining Journal, 2010, 

p. 8). Globe reported updated JORC-compliant (measured plus 
indicated plus inferred) resources for the Kanyika niobium 
project (about 12°38’ S, 33°38' E) of 60 Mt containing 174,000 t 


of Nb,O, (0.2996 average grade) and 8,400 t of Ta,O, 
(0.01496 average grade), at a cutoff grade of 0.15% Nb,O,. 
Globe planned to prepare a preliminary mine design (Globe 
Metals & Mining Ltd., 2010, p. 4-8). | 
Mozambique.—Noventa Ltd. (St. Helier, United Kingdom) 


uction at the Marropino Mine (16930” 40" 5, 


stopped prod 
ррес p start production 


37°54’ 10” E) in January and planned to re 
in 2011 and upgrade its processing plant. Noventa planned to 
300 t/yr Ta,O, contained in concentrate (Schwela, 


oventa Ltd., 2011, p. 6, 9). 

cat Resources Corp. (Canada), a mineral 
acquired Tantalum Mineracao e 

h held licenses for tantalum exploration 


in the Alto Lingonha belt, Zambezi Province (about 15°45'10” 
S. 33°15'10” E) near the Muiane Mine, a historical tantalum 
producer. Pacific also purchased a tantalum treatment plant, 
which it started to commission and planned to use to conduct 
metallurgical test work (Pacific Wildcat Resources Corp., 2011, 


Р.З). di Arabia. Tertiary Minerals plc planned to evaluate the 
"Mili loping the Ghurayyah tantalum-niobium 
feasibility of 4294086 ceiving a new exploration license 


it subject to re 
are tarih CE 2007. However, there had been no change 


i in 
that it applied for ise (Tertiary Minerals plc, 2010, p. 3, 8). 


status of its licen | 
to the rent research and technology.—Fife (2010) described 
CUR lements heavier than iron are 


tantalum and other е | 
n when heavy Stars (stars with mass greater than the 
ei ndrasekhar limit) collapse, resulting ша а 
plosion that disperses many heavy elements and leaves a 
ex 


neutron sia 4 that niobium is a potential 
; 10, p. 8-9) reporte Ep _ 
Peries 2 for vanadium in high-strength low-alloy 
yup] A). Like vanadium, niobium is used to increase 
stee | 


produce about 
2010b, p. 2; N 

Pacific Wild 
exploration company, 
Prospeccas Ltda., whic 


52.4 


the yield strength of steel, albeit by a different physical 
process. Vanadium and niobium provide grain refinement and 
precipitation hardening; however, they affect other metallurgica 
characteristics differently. Historical performance suggested tha 
niobium could substitute for about 20% to 25% of vanadium 
used in HSLA steel. 

Niobium contributes to solid solution strengthening, 
strengthening through carbide formation, and to precipitation 
hardening in nickel-based superalloys such as alloys 625, 706, 
and 718 (Patel and Smith, undated). 

Gilman (2010) reported that tantalum is used in sputtering 
targets to make thin films on integrated circuits. Tantalum 
forms a protective oxide that is the basis for its application 
in electrolytic capacitors. In thermal ink-jet printer heads, a 
tantalum anticavitation film is used to protect the device from 
the ink. In integrated circuits that use copper metallization, 

a thin film of tantalum and tantalum nitride is formed to 
chemically isolate the copper. Copper metallization is also used 
in flat panel liquid crystal display panels. 

Gillesberg and Gambale (2010) reported that a thin layer 
of tantalum metal alloy extended the operating life of many 
parts in the highly chemically aggressive conditions found in 
the sulfur-iodine water-splitting cycle, a leading candidate for 
thermochemical hydrogen production. 

Freeman and others (2010) compared the alternating and 
direct current characteristics of recently developed polymer 
tantalum capacitors with those of traditional wet tantalum 
capacitors. The historical development of tantalum capacitor 
anodes has been from wet anodes to manganese oxide anodes 
to various polymer anodes. The new polymer characterized by 
Freeman reversed the trend of decreasing operating voltage 
while retaining low equivalent series resistance and high 
volumetric efficiency. 

Shlyakhov and others (2010) described the production 
of niobium-titanium and niobium-tin alloy for use in 
superconducting magnets. The magnets were for use in 
the International Thermonuclear Experimental Reactor, an 
internationally sponsored tokamak nuclear fusion reactor. 


Outlook 


Niobium.—The principal use for niobium was as an additive 
in steelmaking, mostly in the manufacture of microalloyed 
steels. The production of high-strength low-alloy steel was the 
leading use for niobium, and the trend for niobium consumption, 
domestically and globally, was expected to conti 
follow that of steel production, as the steel industry is es 
to account for as much as 9096 of niobium consumption. 
(Additional information about the steel industry can be found 
in the Iron and Steel chapter of the USGS Minerals Yearbook, 


volume I, Metals and Minerals.) Consumption of niobium, 
production, 


however, does not mirror trends in overall steel | 
as only 1096 of steel products contain niobium. The leading 
nonsteel use of niobium was in superalloys for, 
applications, aircraft engines. | 
The long-term growth of niobium use was Ite" 
economic downturn of 2008—09. Niobium is used In. 
high-strength low-alloy steels consumed by automobile, 
construction, and pipeline industries. Greater demand for 


nue to closely 
timated 


among other 


terrupted by the 
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Mew natural gas was expected to result in increased demand for 
- m pipeline steel. The sharp fall in demand for automobiles and 
2: in construction that started in 2008 was part of the current 
Tr it economic cycle. Recovery of these markets was expected to 
QUSS. TAS 
"1 revive demand for niobium. It was reported that globally, the 
. unit consumption of niobium рег ton of steel produced was 
‘olin se 55 to 60 g/t, and that of highly economically developed 
ШЙ countries was 100 g/t and that of China was 40 g/t, suggesting 
lyst significant potential for niobium consumption growth as the 
. Chinese economy continues to develop (Roskill Information 
initi Services Ltd., 2009a, p. 124—125). 
тит  Tanfalum.—Consumers relied heavily on tantalum 
шша inventories and large quantities of highly contentious and 
Їйї politically sensitive, low-cost columbite-tantalite from Congo 
limiti (Kinshasa) that appeared to have displaced producers in the 
који conventional supply chain, while an estimated 40% of tantalum 
Mibi mine production capacity was put оп care-and-maintenance 
тий status in 2008 and 2009, including mines in Australia, Canada, 
wk. and Mozambique. The mainstream industry sought a way to 
muli exclude illegal columbite-tantalite from the supply chain. It 
өртін! was thought that a ban on such material by the United States 
mwt: and the EU was possible. New production projects in Canada, 
‚аз Egypt, and Saudi Arabia offered the possibility that new mines 
| could be brought into production between 2011 and 2013. It was 
{фиш anticipated that as the global economy recovered, so too would 
үф demand for tantalum (Roskill Information Services Ltd., 2009b, 
им» р. 21-23). 
(mis In the midst of consumer industry concern over a possible 
pui tantalum shortage that could result from world economic 
үш Tecovery and demand exceeding mine production capacity 
T development, Zogbi (2010) estimated 2009 world tantalum mine 
чїй production capacity, excluding Australia and Mozambique, to 
have been 727 t/yr of tantalum (equivalent to 845 t/yr of Ta,O,, 
m 1,031 t/yr of tantalite) and recycling production to be 544 t/yr of 
ші Әлізішп (equivalent to 633 t/yr of Та,О,, 772 Џуг of tantalite). 
n" Australian production capacity was estimated to be 854 t/yr of 
iU tantalum (equivalent to 993 t/yr of Ta,O,, 1,211 Џуг of tantalite) 
T" (Talison Minerals Pty. Ltd., 2007). Mozambique production 
Capacity was estimated to be 83 t/yr of tantalum (equivalent to 
96 уг of Та,О,, 117 tyr of tantalite) (Noventa Ltd., 2010, 
| р. 12). Based on these estimates, 2009 world tantalum 
п Production capacity was 3,589 t/yr tantalum while projected 
i 2009 demand was 2,460 t of tantalum based on 4% annual 
eb dida rate from 2006—enough production capacity to meet 
| папа even with Australian production closed. World 2013 
я — demand was 2,900 t of tantalum, an amount that could 
№’ осете! from 2009 mine and recycling production capacity. 
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TABLE 1 
SALIENT NIOBIUM STATISTICS! 


NNNM CHUTE" 
2006 2007 2008 2000 - ШЕП 


United States 
Government stockpile releases, Nb content - metric tons 156 ~ -- - - 
u do. 561 1,101 781 — 195 281 


Exports, Nb content _ 
Imports for consumption: 
4l 


Mineral concentrates, Nb cont content 
1,450 1,130 1,380 


Niobium metal, gross weigh? 89. _ 
do 760 744 852 742 84 


Niobium oxide, Nb content у 
до. 8,150 8,400 7,120 2,920 6,280 


Fe erroniobium, К Nb content? 


~ Reported consumption, Nb content Е Е | 
Raw materials. | _ do. W W W W W 
Ferr erroniobium and nickel niobium* Е do. 5,050 6,510 5,380 4,350 5,590 
с consumption, Nb content _ бо. _ 10 00 9,020 8,450 4210 8,210 
__Value:® И 
___Мобшто ores à and concentrates (gross weight) - А dollars per kilogram | B7 ] 22.55 26.70 59.86 19.84 
~~ Niobium 1 oxide (gross weight) | do. 14.07 17.64 25.65 27.30 30.32 
F erroniobium (gross weight) m do. 9.13. 13.88 21.29 23.59 24.01 
i 52,800 62,000 63,000 62,8007 62,90 


World, production of niobium-tantalum concentrates, Nb content metric tons 


*Estimated. 'Revised. do. Ditto. W Withheld to avoid disclosing company лу proprietary data. -- Zero. 
!Data are rounded to no more than three significant digits, except values. 
2Release is the decrease of uncommitted inventory relative to the previous calendar year. 
3To estimate Nb content, it was assumed that natural tantalum and synthetic tantalum-niobium ores and concentrates 


niobium ores and concentrates are 30% №.05; and МЬ,О; is 69.9% Nb. 
trates, niobium oxide, niobium ferroalloy, 


are 16% niobium pentoxide (Nb,0;); 


4tncludes natural and synthetic niobium ore and concen and unwrought niobium metal and alloys. 
5Includes niobium and articles made of niobium. 
$Mass-weighted average value of imported plus exported materials. 


TABLE 2 
SALIENT TANTALUM STATISTICS! 
E 
United States: m | _ 
Government stockpile releases, Т 2 Ta content" | ~ metrictons 289 - MENU IUD ed 
_ Exports: Б жер a | Е 58 
Tantalum ores and. concentrates," Ta content do. 247 146 EE 96 А 246 
Tantalum metal, ‚ gross weight EMEN || de. _ 590 & 2 390 1%--% 
B Tantalum and tantalum alloy powder, £ gross weight i n do. | 002 —— 158 176 Е 
© Imports s for consumption: _ | ни 9 
Mineral ores and concentrates, Ta content - p | БЕ _ do. 322 ПИ. жесе — A 
Tantalum metal and tantalum-bearing alloys; gross weight - © do. 835 __ 861 эм бу 
| ET consumption, raw materials Ta content | р W мМ 0 
| Apparent consumption, Ta content mE ЕЕН do. 498 — 77740 69 t па 
_ Price, tantalite,' Ta;Os content — ND B | m _ dollars per kilogram | | 72 _ HC сада 
Value,’ tantalum ores and concentrates, gross weight mE do. | 33 43 ЕТОЙ 60 
World, production of n niobium-tantalum concentrates, Ta content | аа — 859 995' _ 1,270 ' — 
"Estimated. "Revised. do. Ditto. W Withheld to avoid disclosing company proprietary data. -- Zero. 
!Data are rounded to no more than three significant digits. 
кке is the decrease in uncommitted inventory relative to the previous calendar year. 32% Tas, tantalum ores and 
To estimate Ta content, it was, assumed that natural niobium and synthetic niobium-tantalum ores and concentrates are 34/0 
concentrates are 37% Та,О; and Тао, is 81.9% tantalum. 
^Includes natural and synthetic tantalum ore and concentrates. 
*Includes unwrought powders, unwrought alloys and metals, waste and scrap, and wrought alloys and metal. 
S Average annual price per Та;О; content as reported іп Ryan’s Notes. 
"Mass-weighted average value of imported plus exported materials. 
RALS yEARP 
URVEY MINE 


228 y.s. GÉOLOGICAL 5 


целі 


Іт 


TABLE 3 


REPORTED CONSUMPTION, BY END USE, INDUSTRY STOCKS OF FERRONIOBIUM AND 
| 
NICKEL NIOBIUM AND GOVERNMENT STOCKS BY MATERIAL IN THE UNITED STATES 


(Metric tons of niobium and tantalum content) 


End use: 
Steel: 
—— Carbon 
Stainless and heat-resisting 
Full alloy 
High-strength low-alloy 
Electric 
Tool 
Unspecified 
Total 
Superalloys 
Alloys (excluding steels and superalloys) 
Miscellaneous and unspecified 
Grand total 
Stocks, December 31: 


Consumer 


Producer? 


— M aaa ад 


National Defense Stockpile, total uncommitted inventory by material: 
Niobium metal ingots 


Tantalum carbide powder 


"Revised. W Withheld to avoid disclosing company proprietary data. -- Zero. 


2009 


322" 
W 
322' 


10.0 
1.72 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


"Included with "Steel, unspecified." 
*Ferroniobium only, 
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TABLE 5 
U.S IMPORTS FOR CONSUMPTION OF TANTALUM ORES AND CONCENTRATES, BY COUNTRY! 


Country 


Australia 
Brazil 


Canada 
China 
Mozambique 


United Kingdom 


Total 


--Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


Sources: U.S. Census Bureau and U.S. Geological Survey. 


U.S. GEOLOGICAL SURVEY MIN 


2009 2010 
Gross mass Value Gross mass Value 
(kilograms) (thousands) (kilograms) (thousands) 
65,000 $3,260 -- -- 
-- -- 11,000 $2,150 
116,000 4,760 255 5 
855 56 255 88 
174,000 5,470 8,350 270 
23 4 -- - 
356,000 13,500 19,800 2,520 
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TABLE 7 
FERRONIOBIUM (FERROCOLUMBIUM): WORLD PRODUCTION, BY COUNTRY’ 


(Metric tons, Nb content) 
Country’ 2006 2007 2008 2009: 2010 
Brazil 27,434 34,612 35,534 22,932) 23,100 
Canada 4,157 4,337 4,385 4,620 4600 
Russia* - 80 80 79 80 
United States NA NA NA NA NA 
Total 31,600 39,000 40,000 27,600 27,800 


*Estimated; estimated data аге rounded to no more than three significant digits; may not add 
to totals shown. 'Revised. NA Not available. -- Zero. 

Table includes data available through July 15, 2011. 

?In addition to the countries listed, Austria, China, and Germany are thought to have produced 
ferroniobium (ferrocolumbium), but production information is inadequate for the formulation 


of estimates of output levels. 


Reported figure. 
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By Lori E. Apodaca 


The world production table was prepared by Glenn J. Wallace, international data coordinator. 


In 2010, U.S. ammonia production contained 8.29 million 
metric tons (Mt) of nitrogen, about an 8% increase from 
production in 2009, and apparent consumption increased by 
about 1276 from that in 2009. Exports of ammonia doubled from 
those in 2009, and imports increased by about 2296 compared 
with those of 2009. Most of the imports in 2009 were from 
Canada, Trinidad and Tobago, and Ukraine. About 8696 of the 
domestically produced ammonia consumed in the United States 
was used in fertilizer applications. Global ammonia production 
in 2010, which was estimated to contain 131 Mt of nitrogen, 
was higher than that in 2009. China, India, Russia, and the 
United States were the leading producers, together accounting 
for about 54% of the total. 


Legislation and Government Programs 


In accordance with a January 2009 Clean Water Act 
determination and a consent decree with Florida Wildlife 
Federation to settle a 2008 lawsuit, the U.S. Environmental 
Protection Agency (EPA) proposed numeric water-quality 
standards for lakes and flowing waters in Florida in J anuary 
and established final standards in November (U.S. Environment 
Protection Agency, 2010, p. 75805—75806). Implementation of 
the standards for inland water bodies was delayed for 15 months 
from November in order to give agencies and organizations 
the opportunity to review the standards and develop flexible 
strategies for implementation. However, in December, The 
Fertilizer Institute (TF 1) filed a legal challenge to EPA's rule to 
establish numeric nutrient criteria for nitrogen and phosphorous 
for waters in the State of Florida. TFI stated that the rule was 
unlawful because it established water-quality criteria that 
ignored causation, regulated water bodies that were achieving 
their designated use, and restricted nutrients that do not cause 
impairment, The federally directed nutrient rule signed on 
December 6 would replace the nutrient criteria that were 
already being used by Florida’s Department of Environmental 
Protection (Fertilizer Week, 2010g). 

The U.S. International Trade Commission and the U.S. 
Department of Commerce International Trade Administration 
filed Federal Register notices on December | regarding the 
5-year Sunset review of solid urea imports from Russia and 
Ukraine (U.S. International Trade Commission, 2010). The 
review was to determine whether terminating the antidumping 
duty order on solid urea would lead to continuation or 
recurrence of material injury to the industry in the United States. 
Urea Тот Russia and Ukraine has been subject to dumping 
duties since 1987. The investigation was expected to be 
completed by yearend 2011. 

Under EPA's Greenhouse Gas Reporting Program, owners and 
Operators of facilities that manufacture ammonia Were to report 
emissions from ammonia manufacturing processes and all other 
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source categories located at their facilities beginning in 2010. 
EPA’s rule for the mandatory reporting of greenhouses gases 
(GHG) from large GHG emissions sources in the United States 
was published October 30, 2009. Owners or operators were 
required to collect emission data; calculate GHG emissions; 
and follow the specified procedures for quality assurance, 


missing data, recordkeeping, and reporting (U.S. Environmental 


Protection Agency, 2011). 
Production 


Industry statistics for anhydrous ammonia and derivative 
products were developed by the U.S. Census Bureau. A 
summary of the production of principal inorganic fertilizers by 
quarter was reported in the series MQ325B. In 2010, production 
of anhydrous ammonia (82.2% nitrogen) increased about 8% to 
8.29 Mt of contained nitrogen compared with the value of 7.70 
Mt in 2009 (table 1). Of the total production, 8696 was for use as 
a fertilizer; the remaining 1496 was used in other chemical and 
industrial sectors (table 2). 

The United States was a leading producer and consumer 
of elemental and fixed types of nitrogen. In declining order, 
urea, ammonium nitrate, ammonium phosphates [diammonium 
phosphate (DAP) and monoammonium phosphate (MAP)], 
nitric acid, and ammonium sulfate were the major downstream 
products derived from domestic and imported ammonia in 
the United States. Their combined production was 8.60 Mt 
of contained nitrogen, with urea and ammonium nitrate each 
accounting for 27% of the total, and ammonium phosphates and 
nitric acid accounting for 22% and 1896, respectively, of the 
production (table 3). i 

Ammonia producers in the United States operated at about 
76% of their design capacity in 2010; this percentage included 
capacities at plants that operated during any part of the yea 
and did not include plants that were idle for all of 2010 йн 
the total available U.S. ammonia production capacity. | 
than 59% was concentrated in the States of Louisiana pou 
Oklahoma (19%), and T. 0 ази) 

, exas (5%), where there are large 
reserves of feedstock natural gas. CF Industries Holdi 4 
Косћ Nitrogen Co., LLC, PCS Nitrogen, Inc., and А Е x 
in descending order, accounted for 78% ( f 4 ше, 
| | 0 OF total U.S. ammon; 
production capacity (table 4). moma 
On April 5, CF Industries concluded its merger with Terra 


Industries Inc. at a total cost of ab i 
| out $4.7 billi 
operations of the two companies wil] | Тће combined 


LSB Industries, Inc.’s, Pryor, OK, facility began limited 
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quarter of 2010. The plant was shut down because of a fire in 
June. The Pryor facility was expected to produce approximately 
295,000 metric tons per year (t/yr) of UAN and about 54,000 to 
82,000 t/yr of excess anhydrous ammonia available to sell when 
fully operational (Green Markets, 2010е). 

In September, Southeast Idaho Energy LLC received a second 
permit renewal to construct its proposed $1.5 billion nitrogen 
facility near American Falls, ID. The nitrogen plant, using 
advanced clean-coal gasification technology, would produce 453 
metric tons per day (t/d) of anhydrous ammonia, 1,630 t/d of 
granular urea, and 1,450 t/d of UAN. Construction of the plant 
was anticipated to begin in 2011 (Green Markets, 2010d). 

Researchers at the University of Minnesota's Renewable 
Energy Center at Morris designed a $3.75 million carbon-free 
system that uses power from a wind turbine to produce 
anhydrous ammonia. The test plant would produce fertilizer for 
use on university farmland. Production of anhydrous ammonia 
using wind power would not be able to compete in the current 
market; however, if prices for anhydrous ammonia doubled, this 
process may be economically viable (Green Markets, 2010с). 

SynGest, Inc. received a $2.5 million grant from the lowa 
Power Fund to help build a planned $130 million corn-based 
anhydrous ammonia plant near Menlo, IA. The plant was 
expected to use about 1 18,000 t/yr of corn cobs to produce 
45,000 t/yr of ammonia. SynGest needed to raise another $3.5 
million for the construction engineering and design (SynGest, 


Inc., 2010). 


Environment 


Hypoxia has become a controversial environmental concern 
for the fertilizer industry and an issue that spawned significant- 
research efforts to determine its cause. Hypoxia happens where 
water near the bottom of an affected area in a large body of 
water, such as the Gulf of Mexico, contains less than 2 parts 
issolved oxygen. Hypoxia can cause síress or 


per million of d 
-dwelling organisms that cannot move out of the 


death in bottom 


hypoxic or “dead” zone. | 
Dead zones in coastal oceans have been reported in more than 


400 ecosystems, affecting a total area of more than 245,000 
square kilometers worldwide. The number of dead zones has 
approximately doubled each decade since the 1960s. More 
recently, dead zones have developed in continental seas, such 
as the Baltic Sea, the Black Sea, the East China Sea, the Gulf of 
Mexico, and the Kattegat (Diaz and Rosenberg, 2008). 

U.S. Department of Agriculture (USDA) National Resources 
Conservation Sources (NRCS) launched the Mississippi 
River Basin Healthy Watersheds Initiative (MRBI) to address - 
agriculture-related nitrogen, phosphorus, and sediment loading 
in the Mississippi-Atchafalaya River Basin. The request for 
proposals closed in May for $50 million in financial assistance 
to projects in priority watersheds in Arkansas, Illinois, Indiana, 
Iowa, Kentucky, Louisiana, Minnesota, Mississippi, Missouri, 
Ohio, Tennessee, and Wisconsin. The goal of the MRBI was to 
help farmers and landowners implement conservation practices 
that would avoid, control, and trap nutrient runoff. NRCS would 
provide producers with financial and technical assistance and a 
system of practices that would control soil erosion, improve soil 
quality, and provide wildlife habitat, while managing runoff and 
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Gulf of Mexico Watershed Nutrient Task Force, 2011, p. 22). 
The Missouri Department of Natural Resources Soil and 
Water Conservation coordinated development of the USDA's 

MRBI in the State of Missouri, which resulted in 12 projects 
being awarded more than $6 million in 2010. Missouri’s MRBI 
projects involve voluntary implementation of conservation 
practices to avoid, control, and trap nitrogen and phosphorus 
runoff, maintain agricultural productivity, adopt system 
approaches and management strategies to reduce nitrogen and 
phosphorus runoff, and establish small and large watershed 
monitoring to document reductions in nitrogen and phosphorus 
runoff (Mississippi River Gulf of Mexico Watershed Nutrient 


Task Force, 2011, p. 23). 


Consumption 


т 2010, apparent consumption of ammonia was 13.8 Mt 
of contained nitrogen, about 1296 higher than that in 2009. 
Apparent consumption is calculated as production plus imports 
minus exports, adjusted to reflect any changes in stocks. 
Consumption of nitrogen fertilizers in the United States for the 
2010 crop year (ending June 30, 2010) is listed in table 5. 
Consumption in fertilizers was estimated to be 10.7 Mtof 
contained nitrogen, which was slightly higher than that of 
2009. Anhydrous ammonia and nitrogen solutions, mostly 
UAN solutions containing 29.8% to 29.9% nitrogen, were the 
principal nitrogen fertilizer products, each representing 28% 
of fertilizer consumption. Urea (45.9% nitrogen) constituted 
21% of fertilizer consumption during the 2010 crop year. 
Ammonium nitrate (33.9% nitrogen) and ammonium sulfate 
each constituted 2% of 2010 nitrogen fertilizer consumption. 
The leading nitrogen-consuming States in the 2010 crop year 
were California, Iowa, Illinois, Kansas, and Nebraska. 


Stocks 

metric tons 
d 2009, 
(table 6). 


Stocks of ammonia at yearend 2010 were 165,000 
(t), a slight decrease from comparable stocks at yearen 
according to data published by the U.S. Census Bureau 


Transportation 

gerated barge, rail caf, - 

anies served 1! States wi 

d 4,800 km of river barge 
ly for interstate or 


Ammonia was transported by refri 
pipeline, and tank truck. Three comp 


5,090 kilometers (km) of pipelines апо +, 
transport; rail and truck were used primar! 


NuStar Energy L.P. continued to operate the Gulf e 
ammonia pipeline. The 3.200-Кт ammonia ir $ 
in the Louisiana Delta area, where it had access to thr ae 
marine terminals and three anhydrous ammonia plants 


Gi bout 2 
Mississippi River. The capacity of this рірешед т а storage 
million metric tons per year (Mt/yr) son of ammonia 
capacity of more than 1 Mt. In 2010, about 1. clin (NIS 
was shipped through the Gulf Central ammonia p 
Energy L.P., 2011, p. 13). 
Magellan Midstream Partners, L.P. owned à с 


ipeline Sy 
ammonia pipeline system. The 1,750-km рақ к, 
which transported and distributed аттоп! 


local delivery. 


ommon сат 


stem, 
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Иа нев in Texas and Oklahoma to various distribution plants 
ТЕН. the Midwest, had a delivery capacity of about 820,000 t/yr. 
ШТ 2010, 419,000 t of ammonia was shipped through Magellan's 
"eimi incline compared with 583,000 t in 2009 (Magellan Midstream 
ich reip remers, L.P., 2011, p. 35). Tampa Pipeline Corp. operated the 
По 135 km Tampa Bay Pipeline system, which moved ammonium 
Пен а phosphate and nitrogen compounds for fertilizer producers in 
pnah Hillsborough and Polk Counties, FL. 

uct ase 

оте beire Prices 


mal an be ' : | 
Filios : Midyear and yearend prices for nitrogen materials are listed 
bi. 


mm table 7. The average gulf coast ammonia price began 2010 at 
$275 per short ton ($303 per metric ton), and in March reached 
the high for the year of $420 per short ton ($463 per metric ton), 
where it remained until yearend, a 29% increase in price from 
the average high for 2009. 
fame: The average granular urea price fluctuated throughout 2010, 
ohe hats! beginning the year at $316 per short ton ($348 per metric ton). 
ішік) The average price reached a high of $386 per short ton ($425 
уфа per metric ton) in mid-November. At yearend, the average urea 
pilis price was $375 per short ton ($413 per metric ton). 
(іш: The average ammonium nitrate price, which began 2010 at 
шї! $273 per short ton ($301 per metric ton), increased throughout 
үшн: the year. The average price rose to $375 per short ton ($413 per 
көшім Metric ton) by early December and then decreased sli ghtly to 
T $368 per short ton ($406 per metric ton) by yearend. 
S Typically, ammonium sulfate prices do not follow the 
Tu trend as other nitrogen products, which correlate to 
jc natural gas prices, mainly because a substantial portion of the 
dac material is produced as a byproduct of caprolactam production. 
"m Caprolactam, an organic compound, is the precursor to Nylon 6, 
TL widely used synthetic polymer. The average price began 2010 
"E about $198 рег short ton ($218 per metric ton) and fluctuated, 
reaching a low of $170 per short ton ($187 per metric ton) in 
early July. By yearend, the price reached an average of $280 per 
И short ton ($309 per metric ton). 
ей" | In 2010, the annual average prices paid for fertilizers 
(42 Increased slightly. Fertilizer prices began to increase because 
уй the annual average cost of natural gas, the primary feedstock for 
nitrogen fertilizers, increased by 13% in 2010 compared with 
the annual average in 2009 (U.S. Department of Agriculture, 
"m Economic Research Service, 20 Па). 
si Foreign Trade 
| lc 


ji Ammonia exports were 115% higher than those in 2009 

, (lable 8). Canada and Chile were the leading destinations for 
ы г exports of ammonia; together accounting for 85% of the 
g^ 22. 
si’ Ammonia imports were about 23% higher than those in 2009 
we and dwarfed the quantity of exports. The average value of 
үй ammonia imports increased to $392 per metric ton from $285 
ge Per metric ton in 2009 (table 9). Trinidad and Tobago (66%) 
is" Continued to be the leading import source. Canada (15%) and 
jf Ukraine (796) were the remaining significant import sources. 

Tables 10 and 11 list trade data for other nitrogen materials 
2 and Include information on principal destination or source 
4 Countries. Exports of nitrogen materials decreased in 2010, 
jf 
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with the exception of anhydrous ammonia and МАР. Import 
quantities of nitrogen materials were higher than imports 1n 
2009 for most nitrogen compounds. The exceptions were 
calcium nitrate, potassium nitrate and sodium nitrate mixtures, 


and sodium nitrate. 
World Review 


Anhydrous ammonia and other nitrogen materials were 
produced in more than 70 countries. Global ammonia production 
in 2010, estimated to be 131 Mt, was about 3% higher than that 
of 2009 (table 12). China, with 31% of total production, was 
the leading world producer of ammonia. Asia contributed 48% 
of total world ammonia production, and the Commonwealth of 
Independent States (CIS), Estonia, and Lithuania produced 13% 
of the global total. North America represented 10% of the total; 
Middle East, 8%; Western Europe, 7%; Central America and 
South America together, 6%; and Africa, Eastern Europe, and 
Oceania together contributed the remaining 8%. 

In 2010, world ammonia exports, estimated to be 14.8 Mt of 
contained nitrogen, were higher than those in 2009. Canada, 
Indonesia, Russia, Saudi Arabia, Trinidad and Tobago, and 
Ukraine accounted for about 66% of the world export total. 
North America (primarily the United States) imported 39% 
of global ammonia import trade, followed by Asia (36%) 
and Western Europe (10%) (International Fertilizer Industry 
Association, 2011). 

Argentina.—Tierra Del Fuego Power & Chemical Co., Ltd. 

(a joint venture between Jinduicheng Molybdenum Group, Co., 
Ltd., Shaanxi Coal and Chemical Industry Group, Co., Ltd., and 
Shaanxi Xinyida Investment Ltd.) contracted with KBR Inc. to 
develop a greenfield ammonia plant in Tierra Del Fuego, at the 
southern tip of the country. The ammonia plant was projected to 
produce 495,000 t/yr and was expected to be completed in 2013 
(Nitrogen + Syngas, 20102). 

Australia. —Orica Ltd. planned an ammonia plant expansion 
and new ammonium nitrate plant at Kooragang Island. The 
expansion would add about 65,000 t/yr of ammonia and 
320,000 t/yr of ammonium nitrate, costing AUD110 million 
and AUD600 to AUD750 million, respectively. The ammoni 
nitrate plant was expected to be completed by 2014 or 2015 т 
(Nitrogen + Syngas, 2010c). 

Perdaman Chemicals and Fertilisers Pty. Ltd. secured Federal 
environmental approval to allow construction of a $3.3 billi 
urea manufacturing facility in Collie, about 200 km s М "a 
Perth, Western Australia. The plant would b RR 

we aide | € the first to use 

gasification technologies to produce 
2 Мууг of urea from subbituminous 
expected to begin in 2012 with com 
would be aimed for Asia, North Am 
(Nitrogen * Syngas, 2010b). 

Bangladesh.—Bangladesh’s cabin 
of a 578,000-t/yr urea plant at Fench 


1.6 Mt/yr of ammonia and 
coal. Construction Was 
pletion by 2014. Output 
епса, and South America 


et approved construction 
uganj, 280 km Northeast of 


Brazil.—Petréleo Brasiliero S.A 
„А. (Pet 
develop а 760,000-t/yr ammonia a a P to 
| rea plant at 


53.3 


Tres Lagoas in Mato Grosso do Sul State. Petrobras awarded 
a contract to KBR to provide licensing, basic and extended 
engineering, and technical consulting services to develop the 
ammonia plant (Fertilizer Week, 2010e, f). Petrobras also 
awarded Stamicarbon B.V. (a subsidiary of Marie Tecnimont 
S.p.A.) a contract to provide the license, process design, and 
related services for the urea plant. The new plant would be 
the second Stamicarbon urea plant in Brazil. Natural gas for 
the plant would come from Bolivia through the Brazil-Bolivia 
gas pipeline. The plant was expected to be completed by 2014 
(Nitrogen + Syngas, 2010е). 

China.—Huaqiang Chemical Group Co. planned to invest 
$585 million to build five new projects in Dangyang County, 
Hubei Province, including a 400,000-t/yr ammonia unit and 
a 600,000-t/yr urea unit. No timetable for construction was 
announced (Fertilizer Week, 2010d). 

Sinochem Group reached an agreement with the provincial 
government of Ningxia Province to build a nitrogen fertilizer 
production complex. Sinochem would invest $2.34 billion 
in the complex, which would include 2.0 Mt/yr of ammonia 
production capacity and 3.2 Mt/yr of urea production capacity. 
The complex would be based on coal gasification. No timetable 
for construction was announced (Nitrogen * Syngas, 2010g). 

China XLX Fertiliser Ltd. announced plans to spend $450 
million to build a fourth urea plant close to its existing plants at 
Xinxiang City in Henan Province. The new plant was expected 
to have a production capacity of 800,000 t/yr of urea and was 
scheduled for completion in 2013 (Nitrogen * Syngas, 2010f). 

Stamicarbon announced that it signed a license agreement 
with Mongolia Bodashidi Co., Ltd. for a 945,000-t/yr urea 
plant. The plant would be built in the Industrial Zone of 
Nalinriver, Wushe, Inner Mongolia. The plant was expected to 
be completed by 2013 (Nitrogen + Syngas, 201 la). 

In December, the Chinese Government released its 2011 
tariff rates for many products, including urea, to discourage 
exports during periods of high domestic demand. The surcharge 
for urea would be 11076 during the high seasons, which were 
from January through June and November through December 

Ji 0b). 
HN A established a joint venture with the 
Cuban Government and Venezuela’s Pequiven S.A. to build a 


ted urea plant at Calicito, Cienfuegos. Toyo 
726,0004/у: о. а the contract for license and 


Engineering Coh p paleis of the urea facility, with Haldor 

i s technology slated for the associated 610,000-/уг 

s plant Production was scheduled to begin in 2014 

am | 

(Nitrogen + 2 салғы Fertilizers and Chemical Industries 

Egypt. — Е!-ре а ЈЕ for the engineering, procurement, and 
у 0-t/d ammonia plant at its 


; invitation t 
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и ts new 1, 

conoi —— + Dakahliy. The plant was expected to 

st of $300 million (Fertilizer 
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d ыи Ет an ammonia-urea complex 


1.3 billion. The plant capacity Was 
и С of ammonia and 1.27 million t/yr 
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of urea, with completion expected by 2015 (Nitrogen + Syngas 
2011b). . 

India.—Zuari Industries Ltd. signed a natural gas agreement 
with the Gas Association of India Ltd. for its ammonia-urea uni 
in Gao. The 413,000-t/yr plant was to be converted from naptha 
feedstock to natural gas beginning in January 2013 (Nitrogen! 
Syngas, 2010j). 

India's National Fertilizers Ltd. awarded $465 million to 
Larsen & Tourbro Ltd. to convert two ammonia plants from 
heavy fuel feedstock to run on natural gas. The plants, at Pani 
in Haryana State and at Bathinda in Punjab State, each with an 
ammonia production capacity of 300,000 t/yr, were expected to 
be operational by January 2013 (Nitrogen + Syngas, 2010), 

The Bengal government allotted land to Matrix Fertilisers 
& Chemicals Ltd. to establish a natural gas-based urea plant. 
The first phase would consist of a 2,200-t/d ammonia plant and 
a 3,850-Ud (1.3 Mt/yr) urea plant, which was expected to be 
completed by 2012. The second phase would increase the urea 
capacity to 3.0 Mt/yr. KBR was awarded the contract to provide 
licensing and engineering services for the plant, which would 
use coal-bed methane as feedstock for ammonia synthesis. The 
Matrix plant would market its urea іп east India (Green Markets, 
2010a; Telegraph, The, 2010). 

Russia.—JSC Salavatnefteorgsynthes was converting its urea 
plant at Slavat in western Russia to produce granular urea. The 
460,000-t/yr granulation unit was expected to handle output 
from two urea trains with production capacities of 260,000 tyr 
and 370,000 t/yr. Toyo Engineering would provide the 
granulation technology license and basic design work. The 
cost of the conversion was estimated to be $38 million, and 
conversion was scheduled to begin in 2011 (Nitrogen + Syngs, 
2010k). 

JSC Ammonia awarded China National Chemical Engineenmg 
Corp. and Japan’s Mitsubishi Heavy Industries Inc., Ltd. and 
Sojitz Corp. a $1 billion contract to build a large-scale urea, 
ammonia, and methanol plant in the Russian Republic of 
Tatarstan at Mendeleevsk about 1,000 km east of Moscow. 
Production capacities were expected to be about 676,500 tt 
of ammonia or 460,000 t/yr of ammonia and 220,000 t/yr 


‘of methanol in the case of coproduction. Technology would 


Uhde 


be supplied by Haldor Topsoe, Saipem S.p.A., and | 
d to begin 


GmbH Fertilizer Technology. The plant was expecte 
production in 2015 (Nitrogen + Syngas, 2011c). | 
Turkmenistan. —Kawasaki Plant Systems Ltd. entered 2027 
agreement with M.W. Kellogg Ltd., a unit of KBR, to provide 
licensing and basic engineering design for the Mary Project : 
400,000-t/yr ammonia and 635,000-t/yr urea plants. The plan 
were scheduled to be completed by 2013 (Green Markets, 
2010b; Nitrogen + Syngas, 20101). йй 
Uzbekistan.—JSC МІК was awarded а contract to mo em 
and reequip KSC Maxam-Chirchiq's urea plant at Chirchiq 
in Uzbekistan. The project was expected to expand the si 
production capacity to 270,000 “уг. Completion of the e an 
was scheduled for December 2011 (Nitrogen t Syngas, | 
Иетат.—На Bac Nitrogen Fertilizers and CREDE u 
planned to upgrade and expand its HA Bac Nitrogen F E. 
plant. The project would raise the production A P i 
coal gasification-based plant from 180,000 југ to 509, 
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NL of urea. The urea would be used for the Vietnamese domestic 


market. The expansion was expected to take 42 months at a cost 


Hem, of $373 million (Nitrogen + Syngas, 2010n). | 
ҮН Zimbabwe.—TA Holdings Ltd. planned to spend $40 million 

"bkn during a 4-year period to refurbish Sable Chemicals Industries 

Запа Ltd.'s ammonia plant that was closed in 2009. Sable originally 

| had planned to import ammonia from South Africa for its 

i ш. nitrogen fertilizer plant in Kwekwe but this option was deemed 

tomott unreliable owing to supply inconsistencies related to logistic 

Мк problems and the amount of ammonia required (Herald, The, 

їй 2010), 

300,000 in 

Мики Outlook 


| and Nar: 
According to the USDA, U.S. corn growers intended to plant 


TM 37.3 million hectares (Mha) of corn for all purposes in the 2011 
crop year, an increase of 596 from that in 2010 and an increase 
seis of 7% from that in 2009 (U.S. Department of Agriculture, 
mn National Agricultura] Statistical Service, 2011, p. 1). 

ae Expectations of corn acreage utilization increased in many 


Or amma n 
М net returns from corn compared to other commodities. 


иф 


According to long-term projections from the USDA, projected 


ин plantings for the eight major field crops (barley, corn, oats, 
й rice, sorghum, soybeans, upland cotton, and wheat) in the 
`, United States were expected to increase to 101 Mha during 


ІШ e 
el ‚ the projection period (2011-20) from about 99 Mha in 2010. 


- Increased cropland availability (resulting from the reduction 


: 21 in the allowable acreage enrolled іп the Conservation Reserve 
Y ЈЕ Program), demand, and sustained high commodity prices 
L di were expected to keep projected U.S. cropland use high. Corn, 
UII soybeans, and wheat were expected to account for about 8996 
, of acreage utilization for the eight major field crops during the 

ng Projection period. During the 10-year period, the crop mix was 
ШР expected to keep corn acreage high. Soybean planting likely 
Lb would rise during the projection period as growth in domestic 
) and foreign demand keeps prices high and returns favorable for 
p | producers. Wheat plantings probably would decline as a result 
t of weak demand and significant quantities of stocks. Continued 
d high levels of domestic corn-based ethanol and gains in exports 
dit were projected to keep corn demand high. Most U.S. ethanol 
ІШ production used corn as a feedstock, with nearly one-third of 
s total corn use expected to go to ethanol production through 

№ 2020. Projected gains were largely in line with moderate 

sus expected increases in overall gasoline usage in the United 

ШІ States, which represent more than 1096 of the annual gasoline 
yW Consumption. Relatively high prices for crude oil would be 

№’ favorable for ethanol production, which, when combined with 
му Government programs, would provide economic incentives for 

ethanol producers. 

yi Feed and residual use of corn is projected to bottom out in 

й the initial years of the period owing to reduced meat production 
p and Increased feeding of distillers grains (a coproduct of dry 

# mill ethanol production). Feed use is expected to rise through 

и the rest of the period, as meat production increases and growth 
Ў ithe availability of distillers grains slows with the decrease in 
ў  Com-based ethanol expansion. Increases in food and industrial 
ý Uses of corn (other than for ethanol production) are projected 
$ 10 пзе during the next decade. Consumer dietary concerns and 
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., States because of higher selling prices and expectations of better 


other changes in tastes and preferences limit increases in the 
combined use of corn for dextrose, glucose, and high-fructose 
corn syrup to about one-half the rate of population gain. Other 
food uses of corn also are projected to rise more slowly than 
the increase in population. U.S. corn exports rise in response 
to stronger global demand for feed grains to support growth in 
meat production; the U.S. share of global corn trade remains 
above 5096. Larger corn plantings increase the demand for 
nitrogen fertilizers (U.S. Department of Agriculture, Economic 
Research Service, 2011b, р. 60-61). 

In 2010, natural gas prices increased 1396 after the low 
prices of 2009, which was a 7-year low resulting from a 
weakened economy, a reduced heating demand, as well as 
higher than usual production and storage levels. Natural gas 
prices in the United States typically are higher than those 
in the rest of the world, but lower natural gas prices make 
U.S. ammonia production more competitive with offshore 
imports. Depending on its price, natural gas can account for 
approximately 75% to 9096 of the U.S. cash cost of producing 
ammonia, and this means that the ammonia capacity at older, 
higher cost U.S. plants is still at risk for closure. The Middle 
East, North Africa, Russia, Trinidad and Tobago, and Venezuela 
have ample supplies of lower-cost natural gas, which is a cost 
advantage to producing and exporting ammonia. U.S. ammonia 
production was comparatively high, primarily owing to shale 
gas developments that have increased domestic supply (Potash 
Corp. of Saskatchewan, 2011, p. 35). The U.S. Department of 
Energy projected that the Henry Hub natural gas spot price in 
the United States would average $4.26 million British thermal 
units (Btus) in 2011, an 50.1 | decrease from the 2010 average, 
and $4.54 per million Btus in 2012 (U.S. Department of Energy. 
Energy Information Administration, 2011, p. 6). 

In the winter of 2001, natural gas prices began to Spike and 
continued to increase through the third quarter of 2008, and 
as a result, U.S. ammonia production capacity declined by 
4.1 Миуг, ог 24% of the 2001 capacity. In 2010, natural gas 
prices Increased by about 10% from those of 2009, which 
were still relatively low owing to Weak industrial demand and 
competition from shale gas. Still relatively low compared wi 

| qus with 
the 2008 prices, natural gas prices in 2010 made domesti 
nitrogen production more competitive with Imports from 
M nitrogen-exporting regions. The future of U.S. ammonia 
production depends on the кйш кы gas prices. The 
the United States, particularly in м x aai 
natural gas prices are lower, indicates that in the future, mi, 


of the U.S. supply of ammonia is ex 
production. m Py foreign 
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TABLE 1 
SALIENT AMMONIA STATISTICS"? 
(Thousand metric tons of contained nitrogen unless otherwise specified) 
United States: 
Production 8,190 8,540 7,870 7,700 8,290 P 
Exports 193 145 192 16 35 
Imports for consumption 5,920 6,530 6,020 4,530 5,540 
Consumption, apparent? 14,000 15,000 13,500 ' 12,300 13,800 ? 
Stocks, December 31, producers 201 157 302 167 165 
Average annual price, free on board gulf coast? dollars per short ton 302 307 590 251 396 
Net import reliance as a percentage of apparent consumption” 41 43 41 38 40 " 
Natural gas price, wellhead, average price* dollars per thousand cubic feet 6.39 6.25 7.97 ' 3.67 ' 4.16 * 
World: 
Production" 125,000 " 131,000 130,000 127,000 ' 131,000 
Trade’ 15,900 15,800 15,500: 14,400 ' 14,800 * 
"Estimated. "Preliminary. ‘Revised. 
'Data are rounded to no more than three significant digits. 
"Synthetic anhydrous ammonia, excluding coke oven byproduct; data are for calendar year and are from the U.S. Census Bureau unless otherwise noted: 
"Calculated from production plus imports minus exports and industry stock changes. 
"Source: Green Markets. 
"Defined as imports minus exports; adjusted for industry stock changes. 
"Source: Monthly Energy Review, U.S. Department of Energy. 
"Source: International Fertilizer Industry Association Statistics, World Anhydrous Ammonia Trade. 
NITROGEN—2010 
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Urea 
Ammonium nitrate 
3 
Ammonium phosphates 
Nitric acid — -- 
Ammonium sulfate 
IM EE 
PPreliminary- 
IData аге rounded to 
?Ranked in relative ог 
JDiammonium 


4excludes 


Source: U.S. Ce 
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TABLE 2 
ANHYDROUS AMMONIA SUPPLY AND DEMAND IN THE UNITED STATES’ 


(Thousand metric tons of contained nitrogen) 


no more th 
der of importance b 
and mono 


phosphate 
jonium sulfate. 


coke plant amn 


nsus Bureau, Curren 


2008 2009 2010" 
Production: 
Fertilizer: 
January-June 3,520 3,040 3,550 
July-December 3,210 3,430 3,580 
Total 6,730 6,470 7,130 
Nonfertilizer: 
January-June 542 603 571 
July-December 594 632 585 
Total 1,140 1,240 1,160 
Grand total 7,870 7,700 8,290 
Exports: 
January—June 53 9 28 
July-December 139 7 7 
Total 192 16 35 
Imports for consumption: 
January—June 3,290 2,180 2,630 
July-December 2,720 2.340 2,910 
Total 6,020 4,530 5,540 
Stocks, end of period: 
January—June 193 201 149 
302 167 165 


July-December 
Apparent consumption:” 


January-June Е 7,260 ' 5,920 ' 6,750 
_ July-December 6,280 ' 6,430 ' 7,050 
Total _ 13,500' 12,300 13,800 


PPreliminary. Revised. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


?Calculated from production plus imports minus exports and industry stock changes. 


Source: U.S. Census Bureau. 


TABLE 3 


MAJOR DOWNSTREAM NITROGEN COMPOUNDS PRODUCED IN THE UNITED STATES" 


(Thousand metric tons) 


an three significant digits; may not add to totals shown. 
y nitrogen content, 


ammonium phosphate. 


t Industrial Reports MQ325B. 


ae ы 

2009 2010? 

January-June 2 July-December Total - _ January-June | July-December | к» M 
Gross _ Nitrogen “Gross Nitrogen Gross Nitrogen Gross Nitrogen Gross Nitrogen Gross - 
weight ^ content weight ^ content | weight ^ content weight ^ content weight content ps = 
2,490 1,140 2,600 1,190 5.080 2,330 2,680 1,230 2,450 1,120 S а 
2.920 99] 3,380 1,140 6,300 2,140 3,410 1,160 3,380 1,150 6,790 me 
5,090 815 6,310 1,010 11,400 1,820 5,790 904 6340 987 12100 Ls 
2,560 562 3,370 741 5.930 1,300 3,490 767 - 3490 ___ 798. — a = 
1,160 даб. ИЮ жу: 481 1,300 274 1,190 253 240 > 
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TABLE 4 
DOMESTIC PRODUCERS OF ANHYDROUS AMMONIA IN 2010' 


(Thousand metric tons per year of ammonia) 


Company Location Capacity? 
Agrium Inc. Borger, TX 490 
Do. Kennewick, WA? 180 
CF Industries Holdings, Inc. Donaldsonville, LA 2,490 
Do. Port Neal, ТА 336 
Do. Verdigris, OK 953 
Do. Woodward, ОК 399 
Do. Yazoo City, MS 454 
Coffeyville Resources Nitrogen Fertilizers, LLC Coffeyville, KS 375 
Dakota Gasification Co. Beulah, ND 363 
Dyno Nobel Inc. Cheyenne, WY 174 
Do. St. Helens, OR 101 
Eastman Chemical Co. Beaumont, TX? 231 
Green Valley Chemical Corp. Creston, IA 32 
Honeywell International Inc. Hopewell, VA 530 
Koch Nitrogen Co. Beatrice, NE 265 
Do. Dodge City, KS 280 
Do. Enid, OK 930 
Do. Fort Dodge, 1А 350 
Do. Sterlington, LA? 1,110 
LSB Industries, Inc. Cherokee, AL 159 
Do. Pryor, ОК? 210 
Mosaic Co., The Faustina (Donaldsonville), LA 508 
PCS Nitrogen, Inc. Augusta, GA 688 
Do. Geismar, LA” 483 
Do. Lima, OH 542 
Do. Memphis, TN? 372 
Rentech Energy Midwest Corp. East Dubuque, IL 278 
ga a о T" 
Do. Ditto. 


1 ЛЕ” x 
Data are rounded to no more than three significant digits; may not add to total shown. 


"Engineering design capacity adjusted for 340 days per year of effective production capability. 


"Idle. 
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TABLE 5 
U.S. NITROGEN FERTILIZER CONSUMPTION, BY PRODUCT ТУРЕ"? 


(Thousand metric tons of nitrogen) 


Fertilizer material? 2009' 2010* 
Single-nutrient: 
Anhydrous ammonia 2,980 3,040 
Nitrogen solutions 2,910 2,970 
Urea 2,180 2,220 
Ammonium nitrate 233 238 
Ammonium sulfate 229 234 
Aqua ammonia 83 85 
Other’ 375 383 
Total 8,990 9,170 
Multiple-nutrient® 1,530 1,560 
Grand total 10,500 10,700 


“Estimated. ‘Revised. 


"Рата are rounded to no more than three Significant digits; may not add to 
totals shown. 


Fertilizer years ending June 30. 
"Ranked in relative order of i importance by product type. 
“Principally urea-ammonium nitrate solutions, 29.9% nitrogen. 


"Includes other single-nutrient nitrogen materials, all natural organics, and 
statistical discrepencies. 


Various combinations of nitrogen (N), phosphate (P), and potassium (K): 
N-P-K, N-P, and N-K. 


Source: Slater, J .V., and Kirby, B.J., 201 1, Commercial Fertilizers 2009: 
Columbia, MO, Association of American Plant Food Control Officials Inc. 
Fertilizer/Ag Lime Control Service, University of Missouri, 42 p. 
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TABLE 6 
U.S. PRODUCER STOCKS OF FIXED NITROGEN 
COMPOUNDS AT END OF PERIOD 


(Thousand metric tons of contained nitrogen) 


Material' 2009 2010" 

Ammonia: 

January-June 201 149 

July-December 167 165 
Nitrogen solutions:” 

January-June 153 93 

July-December 95 111 
Urea: 

January-June W 37 

July-December W W 
Ammonium phosphates:? 

January-June 174 53 

July-December 44 W 
Ammonium nitrate: 

January-June 48 24 

July-December 32 36 
Ammonium sulfate: 

January-June 20 44 

July-December 26 16 
Yearend total 364 328 


PPreliminary. W Withheld to avoid disclosing company proprietary data. 
' Ranked in relative order of importance. 

"Urea-ammonium nitrate and ammoniacal solutions. 

?Diammonium and monoammonium phosphates. 

*Diammonium phosphates data withheld. 

*Calendar year ending December 31. 


Source: U.S. Census Bureau, Current Industrial Reports MQ325B. 


TABLE 7 
PRICE QUOTATIONS FOR MAJOR NITROGEN COMPOUNDS AT END OF PERIOD 


(Dollars per short ton) 


NITROGEN— 2010 


НА 


F.o.b. gulf coast, granular 
!' Hlinois, Indiana, Iowa, Missouri, Nebraska, and Ohio. 


?Barge, New Orleans, LA. 


Source: Green Markets. 


2009 2010 

Compound June December June December 

Ammonium nitrate, free on board (f.0.b.) corn belt! 265-270 265-270 305-325 350-383 

Ammonium sulfate, f.o.b. corn belt! 225-245 185-210 230-250 270-290 
Anhydrous ammonia: 

F.o.b. corn belt! 300-345 340-390 380-455 640—685 

F.o.b. gulf coast 255 275 420 420 

. Diammonium phosphate, f.o.b. central Florida 250-255 320 395—400 540—550 

Urea: 
F.o.b. corn belt,’ prilled and granular 270-285 350-360 280-310 415-440 
240-245 307—315 240—253 370—380 
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TABLE 8 
U.S. EXPORTS OF ANHYDROUS AMMONIA, BY COUNTRY! 


(Thousand metric tons of ammonia and thousand dollars) 


2009 2010 
----- 0 / 
Country Gross weight Value? | Gross wei ght Мае? 
Belgium 526 2 565 


Canada 15 7,190 15 7,510 
Chile -- -~ 21 7,910 
Haiti | 207 1 274 
Israel 1 288 1 404 
Other 2 861 3 1,450 


ee E д 1490 
Total 20 9,070 43 18,100 
-- Zero. 


"Раца are rounded to no more than three significant digits; may not add to totals shown. 
^Cost, insurance, and freight value. 


Source: U.S. Census Bureau. 


TABLE 9 
U.S. IMPORTS OF ANHYDROUS AMMONIA, BY COUNTRY! 


(Thousand metric tons of ammonia and thousand dollars) 


2009 2010 
eee 
Country Gross weight Value? Gross weight Value” 
Australia о a et Маше = 
nO OO 


Canada 822 357,000 1,010 451,000 
Egypt 96 29,400 90 40,100 
Latvia E: = 76 33,600 
Russia 438 133,000 281 105,000 
Trinidad and Tobago 3,720 936,000 4,450 1,670,000 
Ukraine 67 20,400 479 196,000 
Venezuela 158 36,900 88 32,300 
Other 126 36,000 265 111,000 
T 


otal 5,510 1,570,000 6,740 2,640,000 
-- Zero. 2-90 6/70 2,640,000 


| 
Data are rounded to no more than three significant digits; may not add to totals shown. 
2 а 
Cost, insurance, and freight value. 


Source: U.S. Census Bureau. 
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TABLE 10 
U.S. EXPORTS OF MAJOR NITROGEN COMPOUNDS! 


(Thousand metric tons) 


о -_____________________"____________ 


2009 2010 
Gross Nitrogen Gross Nitrogen 
Compound weight content weight content Principal destinations in 2010 

Ammonium nitrate? 364 123 355 120 Canada, 49%; Mexico, 30%; France, 10%; Australia, 10%. 
Ammonium sulfate” 963 204 938 199 Brazil, 44%; Dominican Republic, 10%; Peru 13%. 
Anhydrous ammonia 20 16 43 35 Canada, 47%; Chile, 35%. 
Diammonium phosphate 5,530 996 4,090 736 India, 6296; Mexico, 596. 
Monoammonium phosphate 2,110 232 2,330 256 Canada, 28%; Brazil, 25%; Australia, 14%; Argentina, 11%. 
Urea 289 133 152 70 Canada, 45%; Mexico, 19%; Chile, 16%; Columbia, 12%. 

Total 9,280 1,700 7,910 1,420 


"Рана are rounded to no more than three significant digits; may not add to totals shown. 
"Includes industrial chemical products. 


Source: U.S. Census Bureau. 


TABLE 11 
U.S. IMPORTS OF MAJOR NITROGEN COMPOUNDS! 


(Thousand metric tons and thousand dollars) 


ee te ee O уз мш. ш СЕС ССС ЕСС 


2009 2010 
Gross X Nitrogen Gross Nitrogen 
Compound weight ^ content Value? weight ^ content Value? Principal sources in 2010 

Ammonium nitrate? 45] 153 98,900 576 195 151,000 Canada, 61%; Georgia, 14%; Netherlands, 12%. 
Ammonium nitrate and — 
limestone mixtures — — 51 14 11,100 103 28 26,200 Ukraine, 40%; Austria, 27%; Netherlands, 24%. 
Ammonium sulfate’ 324 69 67,300 357 76 66,100 Canada, 99%. 
Anhydrous ammonia‘ 5,510 4,530 1,570,000 6,740 5,540 2,640,000 Trinidad and Tobago, 66%; Canada, 15%. 
Calcium nitrate 123 21 14,600 34 6 4,530 Norway, 82%. 
Diammonium phosphate 22 4 9,710 190 34 101,000 Morocco, 41%; Russia, 37%; Lithuania, 12%. 
Monoammonium phosphate 57 6 34,500 263 29 146,000 Russia, 38%; Canada, 30%; Morocco, 13%; China, 10%. 
Nitrogen solutions 1,170 349 257,000 2,210 660 504,000 Russia, 20%; Trinidad and Tobago, 18%; Canada, 10%. 
Potassium nitrate 74 10 48,500 77 11 45,700 Chile, 84%. 
Potassium nitrate and sodium 

nitrate mixtures ] (s) (5) (5) (5) 250 Canada, 9496. 
Sodium nitrate 84 14 20,600 73 12 22,800 Chile, 87%; Germany, 10%. 
Ura 4,730 2,170 1,440,000 6,630 3,040 2,220,000 Canada, 26%; China, 11%. 


'Data are rounded to no more than "m ал бон di "e may not add to D ouis um 


"Cost, i Insurance, and freight value. 
"Includes industrial chemical products. 
"Includes industrial ammonia. 

"Less than У unit. 


Source: U.S. Census Bureau. 
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TABLE 12 


AMMONIA: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 


Country 
Afghanistan 
Albania 
Algeria 
Argentina 
Australia 
Austria 
Bahrain 
Bangladesh" 
Belarus 
Belgium 
Bosnia and Herzegovina 
Brazil 
Bulgaria 
Burma 
Canada 
China? 
Croatia 
Cuba 
Czech Republic 
Denmark 
Egypt 
Estonia 
Finland 
France 
Georgia 
Germany? 
Greece 
Hungary 
India” 
Indonesia 
Iran 
Iraq 
Italy 
Japan? 
Korea, North 
Korea, Republic of 
Kuwait 
Libya? 
Lithuania 
Malaysia 


Mexico? 
Netherlands 
New Zealand 
Norway 
Oman 
Pakistan 
Peru 

Poland? 
Portugal 
Qatar 
Romania 
See footnotes at end of table. 


2006 2007 
20 20 
10 10 
470 524 
727? 726 
1,200 1,200 
400 ' 400° 
370 3 344 3 
1,250 1,300 
815 830 
850 850 
| | 
950 950 
309 310 
30 30 
4,100 4,498 3 
40,660 42,480 
319? 320 
42? 47 ? 
250 225 
2 2 
1,800 1,750 
170 170 
62 62 
616? 800 
140 150 
2,718 2,746 
130 130 
275 300 
10,900 11,000 
4,300 4,400 
1,020 2,000 
10 10 
480 3 460 
1,091 1,114 
100 100 
90 -- 
495 485 
518 523 
453 3 936 3 
950 960 
487 714! 
1,800 1,800 
120 125 
350 350 
1,000 1,000 
2,200 2,250 
5 5 
2,007 1,995 
244 244 
1,500 ' 1,500: 
1,300 1,300 


(Thousand metric tons, contained nitrogen) 


2008 2009 
20 20 
10 10 
500 614 
128 570" 
1,200 1,200 
400 300! 
350 350 
1,300 1,300 
805? 750 
850 350 
| i 
950 950 
310 310 
30 30 
4,781 ? 4,000 
41,140 42,290 
320 320 
42 27: 
200 200 
2 2 
1,750 2,000 
170 170 
62 62 
800 800 
150 150 
2,819 2,363 
130 125 
300 300 
11,100 11,200 
4,500 4,600 
2,000 2,000 
10 10 
460 460 
1,244 ' 1,021 ' 
100 100 
485 470" 
417 488 ' 
950 950 
950 950 
826 ' 895 ' 
1,800 1,800 
125 125 
350 350 
1,000 1,000 
2,300 2,300 
5 5 
1,995 1,697! 
244 244 
1,600! 1,700" 
1,300 1,100" 
0.5. GEOLOGICAL SURVEY M 


2010 


30 
4,000 
40,870 
300 


2024 
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TABLE 12—Continued 
AMMONIA: ESTIMATED WORLD PRODUCTION, BY COUNTRY? 


(Thousand metric tons, contained nitrogen) 


ют = 
Rc d ountry 2006 2007 2008 2009 2010 
» | Russia 10,500 ? 10,500 10,425 ? 10,441 ? 10,400 
E Saudi Arabia — 0 2,000 2,600 2,600 2,600 2,600 
E Serbia 80 85 47! 53! 55. 
»" } Slovakia 241? 260 260 260 260 
№ р South Africa 480 480 480 430 450 
WU s Spain 400 400 400 400 400 
800: Switzerland 32 32 32 32 32 
"og Syria 120 120 120 210 260 
P i Taiwan 12 12 12 12 12 
| - Tajikistan 35 25 25 20 20 
| Trinidad and Tobago 5,1113 5,129 3 5,130 4,946 "3 5,000 
D Turkey 92 3 -- 3 50 100 100 
20% Turkmenistan 250 270 270 270 270 
: Ukraine . — 4,200 4,200 4,000 ' 2,500 ' 3,400 
n United Arab Emirates 380 380 380 380 400 
" United Kingdom 750 1,050 1,100 1,100 1,100 
| United States^$ 8,190 8,540 7,870 7,700 8,290 P 
, Uzbekistan 940 1,000 1,000 1,000 1,000 
| Venezuela 1,160 1,160 1,160 1,160 1,160 
| Vietnam 230 300 300 300 300 
" Zimbabwe 10 35 25 262 25 
ү Total 125,000 : 131,000 130,000 127,000 ' 131,000 
i PPreliminary. 'Revised. -- Zero. 
р World totals, U.S. data, and estimated data have been rounded to no more than three significant digits; may not add to totals shown. 
Е "Table includes data available through June 24, 2011. 
ү ; Reported figure. 
y *May include nitrogen content of urea. 
li "Data are for years beginning April 1 of that stated. 
ІКІ 5Synthetic anhydrous ammonia; excludes coke oven byproduct ammonia. 
jj | 
yi 
i 
Г 
ji 
| 
ў 
gj 
К 
i 
j 
Д 
| 
| 
| 
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Domestic survey data and tables were prepared by Robert H. Bradley, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


In 2010, peat produced in the conterminous United States 
was 628,000 metric tons (t); output from Alaska was estimated 
to be 59,800 cubic meters (Szumigala and others, 2011, p. 44). 
World peat production for 2010 was estimated to be 23.4 million 
metric tons (Mt). The leading peat producing countries were 
Finland, Ireland, Belarus, Sweden, Russia, Canada, and Latvia, 
їп decreasing order of tonnage (table 9). 

The United States was a significant producer and consumer of 
peat for horticultural and industrial purposes. The types of peat 
are classified according to the degree of decomposed component 
plant material, with sphagnum moss being the least decomposed 
followed by hypnum moss, reed-sedge, and humus. 

Reed-sedge accounted for 8394 of domestic peat production, 
followed by sphagnum moss with 11%; hypnum moss with 4%; 
and humus with 2% (table 4). Florida, with 470,000 t, accounted 
for 75% of U.S. peat production (table 3). 

Peat is a natural organic material of botanical ori gin and 
commercial significance. Peatlands are situated in wetland 
areas, primarily in the temperate and cold belt of the Northern 
Hemisphere, where large peat deposits developed from 
the gradual decomposition of plant matter under anaerobic 
conditions. The United States contains approximately 15% 
of the world’s peatlands by area (Lappalainen, 1996, p. 55). 
There are more than 400 million hectares (Mha) of peatlands on 
Earth, of which 80% remains undisturbed, Of the 80 Mha that 
has been used by humans, 50% has been used for agriculture; 
30%, for forestry; 10%, for miscellaneous uses; and 10%, for 
peat extraction. Peat continues to accumulate on 55% of global 
peatlands; however, the volume of global peat resources has 
been decreasing at a rate of 0.05% per year owing to human 
activity (Joosten and Clarke, 2002, p. 32-33). 


Production 


Domestic production data for peat were developed by the U.S. 
Geological Survey from a voluntary canvass of operations in 
the conterminous United States. Of the 42 operations to which a 
Survey request was sent, 28 responded. From the respondents, there 
Were 26 active operations and 2 idle operations in 2010. Data for 
nonrespondents were estimated based on responses to the 2009 
vey or other sources. Most peat operations are relatively small and 
sell their products regionally. Peat production in the conterminous 
United States in 2010 was 628,000 t, a 3% increase from that of 2009 
(table 1. In 2010, 79% of domestic production came from just six 
Operations (table 2). A slight increase in peat production was reported 
In the Eastern region, and an increase of 99 was reported for the 
Great Lakes region (table 3). Output from Alaska was estimated to 
бе 59,800 cubic meters in 2010, according to the Alaska Department 
of Natural Resources, which conducted its own survey of mineral 
Production in the State (Szumigala and others, 2011, p. 44). Peat 
Production in Alaska was reported by volume only. 
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Consumption 


Peat is widely used as a plant-growth medium in a variety 
of agricultural and horticultural applications where its fibrous 
structure and porosity enable a unique combination of optimum 
water-retention and drainage characteristics. Commercial 
applications include lawn and garden soil amendments, potting 
soils, and turf maintenance on golf courses. In industry, peat is 
used primarily as a filtration medium to remove toxic materials 
from process waste streams, pathogens from sewage effluents, 
and deleterious materials suspended in municipal storm-drain 
water. In its dehydrated form, peat is a highly effective 
absorbent for fuel and oil spills on land and water. 

Sales of domestic peat decreased by 6% to 605,000 t in 2010 
from 644,000 t in 2009. Packaged products composed 8% of 
total domestic sales tonnage and commanded premium prices 
for all grades of peat. Apparent consumption was estimated to 
be 8% higher than that of 2009. Potting soil and general soil 
improvement mixes were the two leading usage categories, 
accounting for 95% of domestic sales tonnage and 91% of 
the volume (table 5). Other significant uses, by quantity of 
sales, included golf course applications, earthworm culture, 
seed inoculants, and nursery applications. The United States 
imported 59% of its total consumption requirements, primarily 
from Canada, where deposits of high-quality sphagnum moss 
are extensive. Canadian peat was sold in bulk for blending 
in custom soil mixes and was packaged for horticultural 
use; however, a detailed distribution of Canadian imports 
was not available. Many of the soil blending facilities in the 
Southern and Western United States are owned by subsidiaries 
of Canadian peat producers and import much of their peat 


requirements. 


Stocks 


U.S. yearend stocks of peat decreased by 33% to 100,000 t 
in 2010 from 149,000 t in 2009 (table 1). Reed-sedge peat 
accounted for 91% of total stocks, followed by humus, 
sphagnum moss, and hypnum moss (table 4). 


Prices 


The total reported free on board (f.o.b.) value for domestic 
peat sold in the United States was about $15 million, according 
to the annual survey of domestic peat producers. The average 
unit value increased by 5% to $24.39 per metric ton compared 
with $23.24 per ton in 2009 (table 1). On an average unit-value 
basis, sphagnum moss was valued at $45.95 per ton, f.o.b. plant; 
hypnum moss, $31.32 per ton; humus, $30.81 per ton; and reed- 


sedge, $21.48 per ton (table 7). 
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Foreign Trade 


U.S. companies exported 69,000 t of peat (table 1). Imports 
of peat increased by about 5% to 947,000 t from 906,000 t in 
2009 (tables 1 and 8). The total customs import value was $225 
million or $237.11 per ton. Imports of peat (sphagnum moss) 
from Canada increased to 921,000 t, which represented 97% of 
total U.S. imports and 73% of total Canadian production. 


World Review 


Finland, Ireland, Belarus, Sweden, Russia, Canada, and 
Latvia were the leading peat-producing countries, in decreasing 
order of tonnage (table 9). World peat production for 2010 
was estimated to be 23.4 Mt, slightly higher than that of 2009. 
Other significant producing countries included Estonia, Poland, 
Ukraine, and the United States. Peat is an important source of 
energy in Finland, Ireland, and Sweden and to a lesser extent in 
Eastern Europe. 

Canada.—Production of peat (sphagnum moss) was 
estimated to have increased to 1.26 Mt in 2010 from 1.13 Mt 
in 2009. New Brunswick, Quebec, Manitoba, and Alberta were 
the major producing provinces, in decreasing order of tonnage, 
accounting for about 9596 of production. British Columbia, 
Newfoundland, Nova Scotia, Ontario, Prince Edward Island, 
and Saskatchewan also reported peat production (Natural 
Resources Canada, 2011). Favorable climatic conditions in the 
summer of 2010 allowed increased peat production in Alberta, 
New Brunswick, and Quebec. 

In 2010, Peat Resources Ltd. and BioEnergy Ltd. signed a 
letter of intent to collaborate on research and development to 
improve biomass processing technology. Peat Resources has 
peatland properties in Newfoundland and Ontario and has 


established a small-scale peat processing facility in Stephenville, 


Newfoundland (Peat Resources Ltd., 2010). 

Indonesia.—Indonesia’s president announced a 2-year 
moratorium on new concessions to convert virgin forests and 
peatlands into palm oil plantations, part of an internationally 
backed strategy to reduce greenhouse gas emissions from 
deforestation. Indonesia is one of the world’s largest emitters 
of greenhouse gases because of its clearing and burning of the 
forests and peatlands for logging and conversion into palm oil 
plantations (CNN, 2010). 

United Kingdom.—In December, the Department for 
Environment, Food and Rural Affairs published a consultation 
on proposals to phase out the horticultural use of peat by 
amateur gardeners in England by 2020, which was estimated 
to account for 2 million cubic meters of the United Kingdom’s 
annual peat consumption. Also included were the phase out of 
peat in the Government and wider public sector by 2015 and 
the phase out of peat by professional growers of fruit, plants, 
and vegetables by 2030. By 2030, all markets were to use more 
sustainable peat-free alternatives (Department for Environment 
Food and Rural Affairs, 2010). The Department’s goal was to 
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preserve peatlands, which may be important for biodiversity, 
carbon storage, and flood management. 


Outlook 


The domestic short-term peat situation will likely include 
steadily increasing Canadian imports and fluctuating domestic 
peat production. The number of domestic producers likely 
will continue to decline and remain dominated by large 
companies. Other factors, such as competition from orpanic 
soil amendments like coir (coconut fiber) and composted yard 
waste, Federal and State wetlands regulations, and restrictions 
on permitting new production sites likely will reduce or slow the 
growth of the domestic peat industry. Also, peatlands have been 
identified as carbon sinks, storing more carbon dioxide per unt 
hectare than any other ecosystem. Preservation of peatlands my 
become a high priority in the efforts to reduce greenhouse gas 


emissions. 
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= SALIENT РЕАТ STATISTICS! 
(Thousand metric tons and thousand dollars unless otherwise specified) 
atii; 2006 2007 2008 2009 2010 
MS icp United States: 
Imes is Number of active producers 39 38 37 38 38 
dot Production 55] 635 615 609 628 
р Sales by producers: 
| Quantity: 
до Bulk 525 590 546 559 554 
Шыг Packaged | 209 104 102 85 51 
liis Total 734 694 647° 644 605 
(йе: Value 20,100 17,700 17,100 15,000 14,800 
mak: Average value dollars per metric ton 27.34 25.59 26.42 23.24 24.39 
ea . Average value, bulk __ до. 23.00 2469 247 22.06 24.28 
ИШЕ Average value, packaged or baled do. 38.28 30.64 36.24 31.01 26.48 
| Exports 4] 56 57 “ 77 69 
Imports for consumption 924 977 936 906 947 
Consumption. apparent? 1,500 1,590 1,440 1,440 1,560 
Stocks, December 31, producers' 128 98 152 149 100 
піс: "Estimated. 'Revised. do. Ditto. 
ARS Data are rounded to no more than three significant digits, except average values per metric ton. 
Қ” *Excludes Alaska. 
x ? Apparent consumption equals U.S. production plus imports minus exports plus adjustments for industry stock changes. 
| 
(шаш? 
Ji 
мш? 
(402 
(ы? 
vp 
M 
vad 
ју TABLE 2 


B RELATIVE SIZE OF PEAT OPERATIONS IN THE UNITED STATES 


| Production 
| Size Active operations (thousand metric tons) 
(metric tons per year) 2009 2010 2009 2010 
23,000 and more 5 6 453 495 
| 9,000 to 22,999 7 6 97 85 
А 5,000 to 8,999 5 4 33 25 
4 1,000 (о 4,999 11 7 22 17 
Less than 1,000 10 15 4 7 
Total 38 38 609 628 
f 
| 
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TABLE 3 
U.S. PEAT PRODUCTION AND SALES BY PRODUCERS IN 2010, BY STATE! 


Sales 
Production Quantity 
Active (thousand (thousand Value? Percentage 
Region and State operations metric tons) metric tons) (thousands) packaged 
East: 

Florida 7 470 480 $9,710 3 

Pennsylvania 4 2 2 58 39 

Other? 7 45 42 1,830 1 

Total or average 18 517 524 11,600 3 
Great Lakes: 

Minnesota 9 74 41 2,500 29 

Other" 8 34 36 494 64 

Total or average 17 108 77 2,990 46 

West? 3 4 5 163 36 

Grand total or average 38 628 605 14,800 9 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
Values for free on board producing plant. 

?Includes Maine, New Jersey, and New York. 

‘Includes Illinois, Indiana, Michigan, and Ohio. 

“Includes Тома, Washington, and Wisconsin. 


TABLE 4 
U.S. PEAT PRODUCTION AND PRODUCERS' YEAREND STOCKS 
IN 2010, BY TYPE 


TEMERE пи А EA RN HE ыыы Ызы би иза. 5 ЈЕ па али Ыы ышы TREES 


Yearend 

Active Production? Percentage of stocks” 
Type operations! (metric tons) production (metric tons) 
Sphagnum moss 9 66,900 11 1,790 
Hypnum moss 5 26,100 4 691 
Reed-sedge 17 525,000 83 91,000 
Humus 8 10,300 2 6,980 


'Some plants produce multiple types of peat; may not add to totals shown. 


?Data are rounded to no more than three significant digits; may not add to totals 
shown. 
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ТАВГЕ 5 
U.S. PEAT SALES BY PRODUCERS IN 2010 ВУ TYPE AND USE! 


Sphagnum moss Hypnum moss Reed-sedge 


Quantity Quantity Quantity 
Weight ^ Volume? Weight Volume Weight ^ Volume 
(metric (cubic Value (metric (cubic Value (metric (cubic Value 
Use tons) meters) (thousands) tons) meters) (thousands) tons) meters) (thousands) 
Earthworm culture medium 186 410 2 2,180 4,000 $52 2,290 5,050 $51 
General soil improvement 52,500 328,000 2,200 1,910 3,500 58 53,900 113,000 835 
Golf courses 9,590 65,000 580 -- -- -- 6,950 30,000 670 
Ingredient for potting soils 2,910 15,000 216 898 2,130 34 453,000 916,000 9,210 
Mixed fertilizers sm -- = 272 500 13 ‚оё -- = 
Nurseries 408 2,000 16 272 750 13 2,310 10,300 15] 
Packing flowers, plants, shrubs, etc. -- -- - -- -- -- -- -- -- 
Seed inoculant - -- -- -- -- -- 3,410 11,200 280 
Vegetable growing 8 23 -- -- -- -- 1,400 2,580 33 
Other - -- -- 2,100 4,620 69 -- -- -- 
Total 65,600 410,000 3,010 7,620 15,500 239 523,000 1,090,000 11,200 
Humus Total 
Quantity Quantity 
Weight Volume Weight Volume 
| (metric (cubic Value (metric (cubic Value 
tons) meters) (thousands) tons) meters) (thousands) 
Earthworm culture medium 308 504 $8 4,960 9,960 $114 
General soil improvement 2,670 4,910 32 111,000 449,000 3,120 
Golfcouses о 218 400 2 16,800 95,400 1,250 
Ingredient for potting soils 4,690 8,620 206 461,000 941,000 9,670 
Mixed fertilizers о =: и a 272 500 13 
Nurseries о 650 1,210 27 3,6580 14,300 207 
Packing flowers, plants, shrubs, etc. 272 500 3 272 500 3 
Seed inoculant о 272 500 3 3,680 11,700 283 
Vegetable growing -- -- -- 1,410 2,600 33 
с — = М E 2,100 4,620 69 
Tol ^ ово 16500 281 605,000 1,530,000 14,800 
-- Zero, 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Volume of nearly all sphagnum moss was measured after compaction and packaging. 


TABLE 6 
AVERAGE DENSITY OF DOMESTIC PEAT SOLD IN 2010 


(Kilograms per cubic meter)! 


Sphagnum Hypnum Reed- 


moss moss sedge Humus 

Bulk 218 664 634 719 
Packaged 168 593 571 678 

. Bulk and packaged 209 643 629 713 


'То convert kilograms per cubic meter to pounds per cubic yard 
multiply by 1.685. 
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TABLE 7 
PRICES FOR PEAT IN 2010! 
(Dollars per unit) 
Sphagnum Hypnum Reed- 
moss moss sedge Humus Average 
Domestic: 
Bulk: 
Per metric ton 43.35 30.66 21.78 31.20 24.28 
Per cubic meter 9.45 20.36 13.81 22.30 12.87 
Packaged or baled: 
Per metric ton 61.79 33.07 17.62 29.33 26.48 
Per cubic meter 10.36 19.62 10.06 19.87 10.58 
Average: 
Per metric ton 45.95 31.32 21.48 30.81 24.39 
Per cubic meter 9.61 20.14 13.50 21.98 12.62 
Imported, total, per metric ton? XX XX XX XX 237.11 
XX Not applicable. 
Prices are free on board plant. 
? Average customs value. 
TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF PEAT, BY COUNTRY' 
2009 2010 
Quantity Value? Quantity Value? 
___ Country _ (metric tons) (thousands) (metric tons) (thousands) 
Belgium 749 $95 911 $228 
Bulgaria 148 16 -- = 
Chile -- -- 142 117 
Canada 871,000 218,000 921,000 232,000 
Estonia 1.580 361 1,570 598 
Finland 781 317 469 208 
France 155 52 B Бе 
Germany 315 69 439 157 
Ireland 1,690 514 1,900 902 
Latvia — — 21,200 6,300 16,800 7,490 
Lithuania 175 36 158 75 
Netherlands 585 174 1,380 523 
New Zealand _ 201 118 138 59 
Norway g 6,690 3,350 361 1,700 
Sweden 1,190 298 1,220 634 
United Kingdom Бы z 190 108 
Other 230" 171" КӨР жены 
_ Total 906,000 _ 230,00 7 947200 225,000 


‘Revised. -- Zero. 


‘Data are rounded to no more than three significant digits; may not add to 


totals shown. 
*Customs value. 


Source: U.S. Census Bureau. 
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TABLE 9 
PEAT: WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons) 


Country? 2006 2007 2008 2009 2010* 
Argentina, horticultural use 15 14 10 7' 7 
Australia‘ 7 7 7 7 7 
Belarus: ee ee 
Horticultural use* 100 100 100 272"* 242% 
Fuel use 2,125 2,507 2,500 2,216' 2,352 4 
Total 2,225 2,607 2,600 2488' 2,593 4 
Burundi, fuel use 10 7 10 11' 12 
Canada, horticultural use 1,245 1,282 1,151 1,131 1,262 ^* 
Denmark, horticultural use‘ 262" 213%” _ 128" 128 ' 128 
Horticultural use 1,207 964 705 110° 361 4 
Fuel use 507 475 213 419 ' 604 * 
Total 1,714 1,439 919 529 ' 965 ^ 
Finland: 72 1277042 Ч “ССС Ӯ 
Horticultural use 6,919 ' 8,671 ' 6,933 ' 5,576 ' 5,580 
Fuel use 896 ' 1,145 ' 1,552 ' 876 ' 880 
Total 7,815' 9,8167 8,485"  6452' 6,460 
France, horticultural use* 200 200 200 200 200 
Germany, horticultural use 218" 85! 119° 119° 119 
Hungary, horticultural use‘ 21 90 90 90 107 * 
Ireland? 
Horticultural use* 500 500 500 500 500 
Fuel use 3,800 2,700' 3,000 ' 2,800" 2,800 
EI 4300 3200: 3,500: 3,2007 3,300 
Latvia, horticultural and fuel uses 93] 1,000 * 1,000 1,164 ' 1,119 г 
Lithuania, horticultural and fuel uses 471 ' 307 ' 521 ' 543 ' 327 * 
Moldova, fuel use* 475 475 475 475 475 
New Zealand, horticultural use* 27 27 27 26 26 
Norway, horticultural use 69 ' 140 ' 438 ' 440 ^* 440 
Poland, horticultural and fuel uses 577 * 641 632 ' 594 ' 672 * 
Russia, horticultural and fuel uses 1,400 1,300 1,300 1,300 * 1,300 
Spain" 60 60 60 60 60 
Sweden: 
Horticultural use 1,511 ^*^ 1,500" 1,1307 1,230" 1,30 
Fuel use 2,995 * 2,640' 1,3207 1,320" 1,320 
Total 4,506 "+ 4,1407 2,450'  2,50' 2,550 
Ukraine, horticultural and fuel uses 462 395 358 691 ' 597 * 
UniedKinpdom | оо оо | l | | 4 
United States, horticultural use 451 65 65 690 _ 628 _ 
Grand total 27,600" 28100! 25,100" 22,900" 23,400 
Of which: 
|  Hortiulwalue ^ 12900" 14400' 12,007 10,400" 10,800 
/— Fulue  — 10%0 9,950" 9,070" 8,120" 8440 
Unspecified, анат анин 3,910" 3,7107 3,8807 4,360" 4,080 


"Estimated, "Preliminary. ‘Revised. өзі 

"World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
*Table includes data available through July 8, 2011. One cubic meter equals 0.8806 metric re 
"In addition to the countries listed, Austria, Chile, Iceland, Italy, and Romania produced negligible amounts of peat. 
"Reported figure. 
5. 

Fiscal year data. 


PEAT—2010 54.7 


PERLITE 
By Wallace P. Bolen 


Domestic survey data and tables were prepared by Joseph M. Krisanda, industry data analyst, and the world production 
table was prepared by Glenn J. Wallace, international data coordinator. 


In 2010, the amount of domestic processed crude perlite sold 
or used increased by 19% and the amount of expanded perlite 
sold or used increased by 796 compared with those of 2009. 
Domestic production of processed crude perlite was 414,000 
metric tons (t), and the amount of expanded perlite sold or used 
was 471,000 t. Domestically produced processed crude perlite 
sales increased after a 2096 decrease in 2009. The 414,000 t 
sold or used was about the same amount sold or used in 2007, 
when 409,000 t was produced. While it was an improvement, 
the amount of expanded perlite sold or used in 2010 was still the 
second lowest quantity sold or used since 1991, when 449,000 t 
were sold or used. 

During the year, imports of processed crude perlite increased 
by 14% to 174,000 t compared with those of 2009. This increase 
in perlite imports followed 3 consecutive years with declining 
Imports after a record-high import level in 2006. Exports of 
crude processed perlite were estimated to have been about 
42,000 t in 2010, increasing by about 27% compared with those 
of 2009. Trade data in this report are from the U.S. Census 
Bureau and PIERS, a U.S. trade database compiled by the 
Journal of Commerce. Percentages in this report were computed 
using unrounded data. 


Production 


Domestic production data for perlite were compiled by the 
U.S. Geological Survey (USGS) from two voluntary annual 
‘urveys—one for domestic mine operations (processed crude 
perlite) and one for expanding plants. The expanding plants 
used domestic and imported processed crude perlite. All the 
Processed crude perlite described in table 1 was produced by 
seven companies with nine mines, eight of which responded to 
the USGS survey, representing more than 99% of the processed 
crude perlite sold or used in 2010. According to data collected 
by the USGS, the 414,000 t of U.S.-processed crude perlite 
Sold or used in 2010 was valued at $21.6 million. This was 
an increase of 19% in tonnage and a 27% increase in value 
compared with those of 2009. The 471,000 t of expanded perlite 
sold or used by domestic producers was valued at $143 million. 
Sales and use increased by 7%, and value increased by 8% 
compared with those of 2009 (table 1). 

The Processed crude perlite reported in table 1 was mined in 

ona, California, Idaho, Nevada, New Mexico, and Oregon. 
© mines in Arizona, New Mexico, and Oregon accounted for 
most of the tonnage mined. Ore producers were, in alphabetical 
order by State, Harborlite Corp. in Arizona and New Mexico; 
ao Perl ite Co. in California; Idaho Minerals, LLC in 
| 0; EP Minerals, LLC апа Wilkins Mining and Trucking, 
Пс. ІП Nevada; Dicaperl Minerals Corp. in New Mexico; and 
omerstone Industrial Minerals Corp. in Oregon. 
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Perlite was expanded at 50 plants throughout the United 
States and 3 plants were reported as idle. Several of the larger 
expanding plants were idled in 2010 owing to decreased demand 
for construction-related products. Production was consolidated 
at other locations until demand increases. One perlite expander 
in New Jersey was idle while the company rebuilt after a fire 
destroyed much of the facility. Two smaller volume expanding 
operations were thought to have shut down permanently. Of 
the 50 active plants, 28 plant operators (56%) responded to the 
USGS survey, representing about 81% of the total expanded 
perlite sold or used. Production information for nonresponding 
companies was estimated using previously reported data, with 
adjustments based on currently reported production trends. The 
top seven producers of expanded perlite, each with production 
of more than 20,000 metric tons per year, accounted for about 
8096 of the expanded perlite sold or used in the United States in 
2010. The remaining 2096 was produced by 19 companies. 


Consumption 


In 2010, domestic apparent consumption of processed crude 
perlite was 546,000 t, a 17% increase compared with that of 
2009. The average level of apparent consumption in 2009 and 
2010 was the lowest since 1991, which was also a recessionary 
period in the United States. 

Beginning with this report, an *unspecified" use category is 
listed in table 3. This category includes estimated and reported 
quantities of expanded perlite where the consuming market was 
unknown. For comparison, 2009 data were revised to include 
this category. Much of these data were previously reported 
in the *Other" category in recent USGS perlite reports, and, 
therefore, that category was revised for 2009 as well. 

Expanded perlite consumed for construction-related uses, 
the major market for expanded material, was about 260,000 t, 
an increase of 12% compared with that of 2009. Construction 
uses of expanded perlite, which consisted of concrete aggregate, 
formed products, masonry- and cavity-fill insulation, and plaster 
aggregate, accounted for about 55% of total domestic sales 
of expanded perlite in 2010. Expanded perlite consumption 
increased in six markets, with the most pronounced increases by 
percentage reported for the concrete aggregates market (table 3). 
Expanded perlite consumption decreased significantly in two 
of the smaller markets: masonry- and cavity-fill insulation and 
plaster aggregate. m 

Perlite was expanded, usually for local consumption, in 26 
States. The leading States in production of expanded perlite 
sold or used were, in descending order, Illinois, Georgia, 
Pennsylvania, Minnesota, Mississippi, Michigan, California, 
Oregon, and Florida. The amount of expanded perlite sold or 
used by State was listed for those States with three or more 
companies expanding in each State; for other States, individual 
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data were withheld to avoid disclosing company proprietary 
data (table 2). 


Prices 


Processed crude perlite was sold at an average value of $52 per 
metric ton, which was a 4% increase compared with that of 2009. 
Perlite consumed by expanding plants operated by the mining 
companies was valued at $54 per ton, which was a 1596 increase 
compared with that of 2009. The average value for all perlite 
sold or used by mining companies was $52 per ton, which was 
a 6% increase compared with that of 2009. The average value of 
expanded perlite was $304 per ton, up slightly from $302 per ton 
in 2009. The range in reported prices, however, was wide—from 
about $100 per ton to more than $1,000 per ton. 

The average value of expanded perlite by use, in descending 
order, was low-temperature insulation, $559 per ton; masonry- 
and cavity-fill insulation, $469 per ton; fillers, $459 per ton; 
horticultural aggregate, $446 per ton; plaster aggregate, $403 
per ton; filter aid, $399 per ton; concrete aggregate, $378 per 
ton; high-temperature insulation, $281 per ton; and formed 


products, $198 per ton (table 3). 


Foreign Trade 


Exports of processed crude and expanded perlite, primarily 
to Canada, were estimated to be 42,000 t, up by about 27% 
compared with those of 2009. Most of the perlite exported to 
Canada was horticultural grade perlite and is commonly mixed 
with peat and other ingredients to produce potting soils. Canada 
has abundant peat resources and is a leading producer of potting 
soils. The Republic of Korea was probably the second largest 
recipient of U.S. exports, receiving nearly 9,000 t. Perlite was 
exported to approximately 30 other countries, but the average 
amount exported to each of those countries was less than 
1,000 t. The value of exports could not be calculated based on 
available information, but the average prices quoted previously 
could be applied. 

Imports of processed crude perlite, almost exclusively from 
Greece, increased by 14% to 174,000 t compared with those 
of 2009. S&B Industrial Minerals S.A., Kifissia, Greece, was 
the primary supplier of processed crude perlite imports to the 
United States. Based on information from the U.S. Census 
Bureau, the average customs value of perlite imports in 2010 
was estimated to be $102 per ton, a slight decrease from that 
of 2009. If insurance and freight costs ($11.15 per ton) were 
added to the value of the imports, the total average value of 
imports was $113 per ton, a decrease of about 3% compared 
with the total average value in 2009. These decreases in the 
price of imported perlite were probably in response to lower 
demand amid strong competition during 2010. Most imported 
perlite arrives through the ports of Brunswick, GA; Mobile, AL; 
Philadelphia, PA; and Wilmington, DE. After arriving at one of 
these ports, the perlite is shipped to expanding plants throughout 
the States east of the Mississippi River. 


World Review 


Based on available information, the United States was 
estimated to be the leading consumer of processed crude 
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and expanded perlite in 2010. Greece was estimated to have 
produced about 500,000 t and sold or used the largest amount 
of perlite among the countries listed in table 4. Other leading 
producers of processed crude perlite were, in descending order, 
the United States, Turkey, and Japan. In 2010, 15 countries 
produced 1.67 million metric tons of perlite, a slight increase 
compared with global production in 2009. Owing to a lack of 
reliable information, however, this total does not include all 
major producing countries, such as China, which was probably 
the leading or second ranked producer in the world. 


Outlook 


Total consumption of processed and expanded perlite in 
the United States in 2011 was expected to remain around the 
relatively low levels of 2010. With the economic recession, 
which was characterized by lackluster construction activity, 
including the continuing slump in housing and office 
construction, the perlite consumption amounts seen in 20104 
expected to continue. Perlite imports in 2011 were expected 
to be essentially unchanged from 2010 levels. Prices for crude 
processed perlite increased in 2010, but prices for expanded 
perlite were essentially flat compared with 2009 prices. For 
2011, market conditions were expected to be conducive for | 
prices of crude processed perlite and expanded perlite to remain 
near 2010 levels. Price increases might be difficult to achieve 
amidst weak demand and strong competition. 

Perlite expanding plants, mostly in the Eastern U 
States, continued to purchase imported perlite and offer ig 
competition to domestic perlite producers. Imported т 
supplied about one-quarter of the demand for processed ја 
perlite in the United States during the past 3 years, and | 
trend is expected to continue contingent upon the availa m 
and cost of ocean freight. This strong competition from othe 
countries is expected to continue in the coming years as т 
domestic and foreign suppliers fight for market share Ren 
fluctuating transportation costs, whether rail or ocean Пер " 
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Sold ог PERLITE MINED, PROCESSED, AND EXPANDED IN THE UNITED STATES! 
lied tit 
xli we is (Thousand metric tons and thousand dollars unless otherwise specified) 
һи: 
ns of pie 2006 2007 2008 2009 2010 
ТҮ Perlite mined” 516 516 524 304 529 
his ttl ds Processed crude perlite: 
as Ching Sold to expanders: БИН | 
фк Quantity 360 324 337 263 319 
Value 15,600 15,000 16,400 13,100. 16,500 
Average value dollars per metric ton 43 46 49 50 52 
Used at own plants to make expanded perlite: 
] and eai Quantity 95 85 98 85 95 
ected te: Value 3,850 3,550 4,450 4,000 5,090 
the puc: Average value dollars per metric ton 4] 42 46 ' 47 54 
sfer COST Total, sold and used: B 
UNI Quantity 454 409 434 348 414 
on anu Value 19,500 18,500 20,800 17,100 21,600 
sin lie Average value dollars per metric ton 43 45 48 49 52 
HO eek Expanded perlite: 
Шш Production, quantity 646 577 554 450 472 
(ib Sold or used: Е 
fed het Quantity 644 575 548 439 471 
М Е | 165,000 155,000 153,000 132,000 143,000 
те: Et value dollars per metric ton 256 269 279 302 304 
i. Dus are rounded to no more than three significant digits, except average value; may not add to totals shown. 
| үй Crude ore mined and stockpiled for processing. 
esr 
ш? 
gei TABLE 2 
si EXPANDED PERLITE PRODUCED AND SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE! 
i aama o ee 
p Т ы зу” ИО 
git mold ör used Sold or used 
| Ауегаре Ауре 
m Procuction, value? Production, value? 
is quantity Quantity Value (dollars per quantity Quantity Value (dollars per 
# Шош. = =. ee ш 377' 27,500 27,300 $10400 379 
i" c 21,300 21,000 7,120 338 24,900 24,700 8.250 
ы шш 12,900 12,800 4,710 369 W W £^ 291 
n^ — 21,800 21,200 5,460 258 27,900 28,100 6,880 Ps 
Pennsylvania i 1 и ЗАБ 12,600 12,400 5,920 e 
Other jos Om UU 11,200 235 52,600 52,600 12,300 233 
1 Total or average 450,000 Арты п =! 35000 326,000 99,300 305 
MB DIR 5 Ж : 000. 132,000 302 472,000 471,000 143,000 304 
4 'Data are rounded to и НЕ 2 еми 
ени Pn no more than three каш digits; may not add to totals shown. 
И о М 15 p on pounded data and is rounded to the nearest dollar. 
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, , у (2009), North Carolina, Ohio, Oklahoma, Oregon, Tennessee, Texas, Wisconsin, and Wyoming i esota, 
à 
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TABLE 3 


EXPANDED PERLITE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE! 


аы ССА ЕССЕ Е ае. 
2010 


Use 
Concrete aggregate 


Fillers 
Filter aid 


Formed products? 


High-temperature insulation 


Horticultural aggregate 
Low-temperature insulation 


Plaster aggregate 
Other’ 


Unspecified” 
Total or average 


"Revised. 


Masonry- and cavity-fill insulation 


2009 
Average 
value? 
Quantity Value (dollars per Quantity 

(metric tons) (thousands) metric ton) (metric tons) 
2,440 $973 398 3,910 
62,700 28,900 461 67,900 
37,200 14,500 391 41,700 
222,000 43,200 195 251,000 
6,320 1,830 290 7,430 
63,800 " 27,100 425 г 65,300 
1,990 1,110 559 1,910 
2,610 1,190 457 ' 1,730 
4,880 1,720 352 3,010 
2,630 ' 678 ' 258 ' 1,740 
32,100 11,100 347 25,000 
439,000 132,000 302 471,000 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
? Average value is based on unrounded data and is rounded to the nearest dollar. 
Includes acoustic ceiling panels, pipe insulation, roof insulation board, and unspecified formed products. 


‘includes absorbents, laundries, paint texturizers, and other miscellaneous uses. 


Estimated and reported data with specific use unknown. 


Armenia 
Australia‘ 
Georgia 


Greece” 


Hungary* 

Iran 

Italy 

Japan 

Mexico’ 
Philippines 
Slovakia 

South Africa 
Turkey" 

United States? ' 


Country? 


TABLE 4 


(Metric tons) 
2006 2007 
35,000 35,000 
6,500 7,000 
45,000 45,000 
525,000 525,000 
71,000 67,000 
40,000 30,000 
60,000 60,000 
240,000 230,000 
41,219 é 54,405 ^6 
4,352 6 4,515 6 
16,000 20,000 
400 400 
260,000 270,000 
454,000 ' 409,000 ' 


3,000 


3,000 


2008 
35,000 
7,000 
45,000 
525,000 
67,000 
30,000 
60,000 
230,000 
43,180 "5 
4,593 6 
25,000 
400 
270,000 
434,000 ' 
3,000 


PERLITE: ESTIMATED WORLD PRODUCTION, BY COUNTRY" * 


——— 


Average 

value’ 

Value (dollars per 

(thousands) metric ton) 

$1,480 378 

31,200 459 

16,700 399 

49,700 198 

2,090 281 

29,100 446 

1,060 559 

810 469 

1,210 403 

444 255 

9,310 373 

143,000 304 
2009 2010 
35,000 35,000 
6,500 7,000 
45,000 45,000 
525,000 500,000 
65,000 65,000 
30,000 20,000 
60,000 60,000 
220,000 210,000 
51,395 "6 50,000 
4:606 "9 4600 
25,000 25,000 
400 400 
230,000 230,000 
348,000 ' 414,000 

3,000 200 


~ 1,670,000 


> Ш MMC. пи. 
Total 1,800,000 1,760,000 ' 1,780,000" 1,650,000 


"Revised. 


'World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may n 


ot add to totals shown. 


"Unless otherwise stated, figures represent processed ore output. Table contains data available through May 26, 2011. i 
"In addition to the countries listed, Djibouti started perlite production in 2009, and Algeria, Bulgaria, China, Cyprus, Icelano, 


Morocco, Mozambique, and Russia are thought to have produced perlite, but output is not reported, 
is inadequate to estimate output. 


4 
Crude ore. 


"Crude perlite screened and sold. 


SReported figure. 
"Processed ore sold and used by producers. 
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PHOSPHATE ROCK 


By Stephen M. Jasinski 


d I. Eldridge III, statistical assistant, and the world production 


Vike бабе was prepared by Glenn J. Wallace, international data coordinator. 
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' World phosphate markets rebounded in 2010, returning 

ito consumption levels of 2008 before the global economic 
‘downturn that affected fertilizer markets. Domestic phosphate 
'rock production in 2010 was 25.8 million metric tons (Mt) 
!compared with 26.4 Mt in 2009 owing to producers significantly 
‘drawing down stocks of phosphate rock. Reported domestic use 
`of phosphate rock was 28.1 Mt compared with 25.5 Mt in 2009 
i(tables 1, 3, 4) as production of phosphoric acid and ammonium 
i phosphates increased in 2010. World production was 12% 


: higher than that in 2009 (table 10) owing to market rebound 


93 : from the global economic downturn and increasing demand for 
ші fertilizer in China and India. Phosphorus is an essential element 
for plant and animal nutrition and is consumed primarily as a 


nm ни 


principal component of nitrogen-phosphorus-potassium (NPK) 
fertilizers. Phosphate rock minerals are the only significant 
global resources of phosphorus. In this report (unless noted 
otherwise), mine production is reported in terms of marketable 
production, which refers to beneficiated phosphate rock with a 
suitable phosphorus pentoxide (Р,О,) content for wet-process 
phosphoric acid or elemental phosphorus manufacturing. 
Quantities are reported in metric units and percentages have 
been calculated using unrounded data. 

| Domestic production of all types of phosphoric acid in 2010 
Increased to 9.4] Mt P,O, from 8.66 Mt in 2009. Phosphate 


— 5 А 
IE acid production for fertilizer use increased to 8.72 Mt Р.О. 
compared with 8.01 Mt т 2009. Combined production of all 


types of phosphate fertilizers was 12% higher than in 2009 
because of increased production of monoammonium phosphate 
(MAP) (U.S. Census Bureau, 201 1). The major fertilizer 

products manufactured from phosphoric acid were diammonium 
Phosphate (DAP) and MAP. 


Production 


U.S. Geological Survey domestic phosphate rock production 
data were obtained from monthly and semiannual voluntary 
canvasses of all companies that owned phosphate rock mines. 

А! companies responded to the canvass. In 2010, phosphate 

rock was produced at seven mines in Florida, three in Idaho, and 
one each in North Carolina and Utah (table 2). 

n US. phosphate industry is concentrated in Florida in 

S as of Hamilton, Hardee, Hillsborough, Manatee, and 
Bed | 10, seven mines, representing 65% of domestic 

E production capacity, were active in Florida. The Mosaic 
» pany operated five mines, and CF Industries, Inc. and PCS 

osphate Co., Inc. each operated one mine (table 2). 

dips planned to use imported phosphate rock, primarily 
s 25 venture with Vale S.A. in Peru, at its Louisiana 
$ ue : € plants (Mosaic Company, The, 2011, p. 2). According 
x: 9. ensus Bureau statistics, Mosaic imported 183,000 

ПС tons (t) of phosphate rock from Peru in 2010. 
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Mosaic was forced to close temporarily its South Fort Meade 
Mine from early September to early December after a July 30, 
2010, preliminary injunction by the U.S. District Court for the 
Middle District of Florida. The injunction stemmed from a 
lawsuit filed by the Sierra Club and other environmental groups 
in Florida challenging the Army Corps of Engineers permit 
approval for expansion of the mine into Hardee County. In late 
October, Mosaic reached an agreement with the environmental 
groups to allow the company 4 months to mine about 80 
hectares (ha) of the 4,280 ha of the extension into Hardee 
County. Mosaic mined the area from December 2010 to March 
2011. Mosaic increased production at its other mines and used 
imported phosphate rock from Morocco and Peru as feedstock 
to its fertilizer plants to replace lost production from the South 
Fort Meade Mine in 2010 (Green Markets, 20105). 

In Beaufort County, NC, PCS operated a large integrated 
production facility that included a mine, as well as animal feed, 
fertilizer, and phosphoric acid plants. 

In the Western Phosphate Field in Idaho, Montana, Utah, and 
Wyoming, four mines were active in 2010—three in Idaho and 
one in Utah (table 2). In Idaho, phosphate rock was mined in 
Caribou County by Nu-West Industries, Inc. (a subsidiary of 
Agrium Inc., Calgary, Alberta, Canada), P4 Production, L.L.C 
(a subsidiary of Monsanto Co.), and J.R. Simplot Company. | 
Simplot also operated the Vernal Mine in Uintah County, ОТ 

In Idaho, Agrium, P4 Production, and Simplot began nn 
development of new mines as replacements for their current 
operations to be used when the mines are exhausted. Simplot 
received approval for its mine expansion in December 2010 
(J.R. Simplot Company, 2011). P4 Production submitted plans 
to spend an additional $10 million in environmental safeguards 
at its Blackfoot Bridge Mine that was under development in 
the Caribou/Targhee National Forest in Idaho (Green Market 
20102). Agrium was in the initial stages of development of i 
new mine, and 2. апа State agencies were planning to | 

commence work on an environmental i : 
(U.S. Bureau of Land Management, 2011), о 


Consumption 


. Phosphate hend was used primarily for production of 
wet-process phosphoric acid for fertilize icati i 
accounted for more than 90% of ie 
remainder was used in the manufacturing of anima] feed j 
supplements, for direct application to soil, and for ele 
phosphorus production. Domestic consumption of P 
rock was 30.5 Mt compared with 27.5 Mt in 2009 M 
owing to the improved market conditions. There w E^ 
sales of domestically mined phosphate rock report i а, 
producers. Consumption by grade and by region 5 йы ld 
e 
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from publication to avoid disclosing company proprietary 
information. 

АП phosphate rock mining companies are vertically 
integrated, having one or more fertilizer plants, usually located 
near the mine. Mosaic was the leading company with about 5696 
of domestic phosphoric acid production capacity and 1396 of 
world capacity. In 2010, the company operated four wet process 
phosphoric acid plants and four fertilizer plants in Florida and 
one of each in Louisiana (Mosaic Company, The, 2011, p. 1). 

PCS had phosphoric acid and fertilizer production facilities 
near its mines in Florida and North Carolina. In Idaho, Simplot 
sent ore from its Smoky Canyon Mine by slurry pipeline to its 
fertilizer plant in Pocatello, ID; Simplot sent ore by pipeline 
from the Vernal Mine in Utah to its plant in Rock Springs, WY. 

Three companies—Agrifos Fertilizer Inc., Pasadena, TX; 
Mississippi Phosphates Corp., Pascagoula, MS; and PCS 
Nitrogen, Inc., Geismar, LA—manufactured wet-process 
phosphoric acid using imported phosphate rock from Morocco. 
Agrifos and Mississippi Phosphates produced phosphate 
fertilizer products for domestic and export markets. PCS sold 
some merchant-grade phosphoric acid to Innophos Holdings, 
Inc., which had a nearby facility, for upgrading into high-purity 
acid for technical- and food-grade applications (Innophos 
Holdings, Inc., 2011, p. 8). 

Monsanto operated the only elemental phosphorus plant 
in the United States in Soda Springs, ID. The company used 
elemental phosphorus to manufacture phosphorus trichloride, 
which was used as a chemical intermediary for the production 
base herbicides (Monsanto Company, 2010, 
elemental phosphorus was used 
gh-purity phosphoric acid by burning 
which is known as thermal acid. 
Worldwide, there has been a gradual shift to manufacturing 
high-purity phosphoric acid from wet-process acid, which 
has lower operating costs and none of the hazardous waste 
disposal issues that are associated with elemental phosphorus. 
Thermal acid, however, still accounts for 6576 of annual world 
production capacity of high-purity phosphoric acid, primarily 
in China. The only other operating elemental phosphorus 
facilities in the world were located in China, Kazakhstan, and 

erlands. 

молы States is considered а mature market for 
phosphate fertilizers, with average annual consumption of 
slightly more than 4.0 Mt during the past decade. F ertilizer 
consumption information is collected by the Rd | 
Association of Plant F ood Officials on a crop year (July 1 to 
June 30) basis. The most recent data, for n 2009 | 
(July 1, 2008, to June 30, 2009), showed a 25 % ind a 
Р.О. consumed in fertilizers from the previous crop year, g 

SE ic downturn that affected the global fertilizer 

id - pce and Kirby, 2011, p. 6). Consumption of P,O, 
р: dusiry А кые was estimated to have increased in crop 
"ear 2010 because of fertilizer use and sales returning to near 


average levels. 


of glyphosate- 
p. 7). In other countries, 


chiefly to manufacture hi 
the phosphorus in water, 


Stocks 
hate rock on December 31, 2010, 


, f hos 
Producers’ stocks o! p à nd 2009 (table 3). 


were 3196 lower than in yeare 
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Transportation 


In Florida and North Carolina, crude phosphate rock ore 
was sent by slurry pipeline from the mines to the processing 
plants. АП beneficiated phosphate rock was used internally 
to manufacture wet-process phosphoric acid; the beneficiated 
phosphate rock was sent by conveyers to acid plants. Mosaic 
sent some beneficiated phosphate rock by rail to the Port 
of Tampa and ore by barge across the Gulf of Mexico to its 
facilities in Louisiana. However, since the company stopped 
sending rock from its mines in Florida to Louisiana, after it 
began receiving phosphate rock from Peru in August 2010. In 
central Florida, animal feed products, fertilizers, and phosphoric 
acid were sent by rail to domestic customers or to the Port of 
Tampa for export. The Port of Tampa handles the largest volume 
of fertilizer materials in the United States. 

In northern Florida, PCS transported its fertilizer products by 
rail to consumers; some materials, however, were sent by ral 
to the PCS port facility at Morehead City, NC, for export. PCS 
used barges and tugboats to move products from its Aurora, NC 
complex to the Port of Morehead City for export or delivery by 
rail to domestic consumers. Phosphoric acid producers along the 
Gulf of Mexico received phosphate rock by ship from Morocco 
and transported their products by barge on the Mississippi River 
and its tributaries or by rail to domestic consumers. In Idaho and 
Utah, phosphate rock was sent from the mine to the processing 
facility via truck, rail, and slurry pipelines. 


Prices 


Price data were collected through the semiannual canvass 
of producers and reflected the value of phosphate rock used 
for production of phosphoric acid and elemental phosphorus. 
The total value of phosphate rock used in the United Statts 
decreased by 32% from that of 2009 owing to а return to lower 
prices because of the economic downturn that began in late 
2008 after the prices had spiked (table 1). Unlike many other 
mineral commodities, no standard domestic or world price for 
phosphate rock exists. Average ranges of world prices were 
published in various industry trade journals based on a sample 
of transactions. The import price of $87.79 per metric ton was 
determined based on the U.S. Census Bureau customs va 
included cost, insurance, and freight (table 1). 


lue and 


Foreign Trade 


o exports of phosphate rock in 2010 


U.S. producers reported n 
phosphate 


(table 1). The United States is the leading importer of 
rock in the world. More than 90% of imported phosphate 
rock was from Morocco and all imported phosphate rock was 
consumed by phosphoric acid producers located along the 
Gulf of Mexico—Agrifos, Mississippi Phosphates, Mosaic, at 
its Louisiana plants, and PCS Nitrogen. In 2010, 05. imports 
were estimated to be 2.4 Mt, based on data from the US. 
Census Bureau and PIERS, a commercial database reporting 
on waterborne trade activity. Tonnage and value information 
for some phosphate rock and fertilizer product shipments were 
underreported by the U.S. Census Bureau, which necessitated 
the use of other sources. U.S. import tonnage of other phosphate 
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artilizers was insignificant compared with exports of the same 
rolin тін terials (tables 5-7, 9). | 
йй The United States is the leading exporter of phosphate 
БШ ‘ertilizers in the world, accounting for about 25% of world Р.О, 
plis д ontained in processed phosphate exports in 2010. In total, 
| “'xports of phosphoric acid and phosphate fertilizers decreased 
n 9%, in terms of P,O, content (U.S. Census Bureau, 2011). 


| а was the leading destination for U.S. phosphate exports 
|, . tables 5-7). 
VET, ВН 
п Роб лома Review 
ck fom Paves 
бї World production of phosphate rock increased by 12% 
sic astm 2010 compared with that of 2009. China (68.0 Mt), the 
Таран ited States (25.8 Mt), and Morocco (25.8 Mt) were the 
i$ айша producing countries, accounting for 66% of the world 
А (table 10). Phosphate rock production іп China likely 
m 25 higher than the official figure of 68.0 Mt, which did not 
iii; n clude production from numerous, small independent mines. 
й п formation was not available to estimate production from these 
ir прорегаволз, Much of the activity in phosphate rock exploration 
шіні «200 expansion took place in Africa and Australia in 2010. In 
a Addition to major projects in Africa (Morocco and Namibia), 
ei mines were under various stages of development in 
xix „Angola, Mali, Mauritania, Mozambique, Uganda, and Zambia. 
інші 215101 of production capacity was planned in Egypt, 
en Senegal, South Africa, Tunisia, and Togo. Phosphate rock 
WP production began in Saudi Arabia in late 2010; however, the 
Iock was being stockpiled until the associated phosphate plant 
began operation in 2011 (Ma'aden Phosphate Co., 2010). 
jeu! Australig.—Four major phosphate projects were under 
jier development in Australia in 2010, three in the Northern Territory 
{ened one in Queensland. The largest of the four, the Wonarah 
јаве Rock Phosphate project located near Tennant Creek, Northern 
кіні Territory, reported significant progress in 2010, according to 
gii Minemakers Ltd. (Minemakers Ltd., 2010, p. 2). The company 
рів completed the first stage of the project, a feasibility study for a 
ділі Direct-shipping ore operation, which could start by late 2011, 
"T. depending on the phosphate rock prices. The second stage 
ш! Would involve construction of a beneficiation plant, and stage 
m x would be construction of a rail spur to the main railway 
Е А | з of Darwin. A feasibility study has yet to be started 
T = о 2 and 3. In July 2010, Minemakers signed an 
ssiment agreement with JDCPhosphate, Inc. of Florida, 
Which has developed a dry kiln technology for producing 
! superphosphoric acid. Minemakers would be granted the 
y exclusive Australian license to use the JDC process at Wonarah 
д Plant. Total reported indicated and inferred resources at the 
ай Wonarah project were 1,258 Mt grading of 12% P,O., with an 
" Australasian Joint Ore Reserves Committee (J ORC)-compliant 
ў? indicated resource of 399 Mt grading 21% Р,О,, with a cutoff 
p grade of 15% Р.О; (Fertilizer International, 20104). 
Ш Legend International Holdings, Inc. reported completion 
ў feasibility study by Wengfu Group Ltd. of China for the 
i aradise Phosphate Project in Queensland. The project included 
{ў the P aradise Nort : А : 
mus rth and Paradise South Mines and a processing 
9 lacility at Mt. Isa. Legend planned to start mining at Paradise 


4 North in 2013 at а rate of 1.25 million metric tons per year 
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(Mt/yr) of marketable rock, with an average grade of 29.5% 
Р,О,. The ore would be beneficiated by dry screening to remove 
silica and sent by truck to a phosphate fertilizer complex, which 
would be constructed at Mt. Isa. The fertilizer complex would 
include production facilities for sulfuric acid, phosphoric acid, 
ammonium phosphates, and aluminum fluoride. Legend planned 
to start mining the Paradise South deposit in 2017 at a rate of 
2.5 Mt/yr. The ore would be processed at an onsite flotation 
plant before being sent to Mt. Isa. The company reported 

total JORC-compliant indicated resources at 392 Mt, grading 
15.7% Р,О,. The company expected to begin operating in 2013 
(Fertilizer International, 2010b). 

Korab Resources Ltd. (through its subsidiary GeolSec 
Phosphate Operations Pty. Ltd.) was developing a phosphate 
rock deposit near Rum Jungle in the Northern Territory. The 
company planned to market the phosphate rock for direct 
application to soil for organic farming. The phosphate rock 
would be mined by simple quarrying and processed by crushing 
and grinding. GeolSec planned to start production in 2011 at a 
rate of 15,000 metric tons per year (t/yr), increasing to 30,000 
Uyr in 2013. The total resources of the deposit were estimated 
to be 1.3 Mt with an average grade of 12% P.O, (Fertilizer 
International, 2010a). 

In the other project in the Northern Territory, phosphate rock 
would be recovered as a byproduct of rare-earth processing. 

The Arafura Resources Ltd.’s, Nolans Bore project, located 
135 kilometers northwest of Alice Springs, had resources of 
3.9 Mt of phosphate rock, with and an average grade of 12.9% 
Р,О,, in addition to 848,000 t of rare-earth oxides, and 6,000 t 
of uranium. The company planned to start production in 2013 
(Fertilizer International, 2010e). | 

Brazil. —Vale, through its wholly owned subsidiary 
Mineracao Naque SA, consolidated its position as the leading 
fertilizer producer in Brazil through the acquisition of the 
fertilizer assets of three other producers in Brazil: Bunge 
Participacoes e Investimentos S.A. (Bunge Ltd.), Fertilizantes 
Fosfatodos S.A. (Fosfertil), and some assets held by Yara 
International ASA of Norway. Included in the transaction 
were Bunge’s two phosphate rock mines and the associated 
phosphoric acid plants. Vale also obtained the Anitapolis 
phosphate rock mine project that was owned by Bunge and Y 
Vale gained a controlling interest in F osfertil, which includ 1” 
three phosphate rock mines (Fertilizer Week America 2010. 

Canada.— Agrium expected its Kapuskasing Ontario i 
phosphate rock mine to be depleted in 201 3. The com 25 
т negotiations to establish a long-term supply Eris for Mol 
Redwater, Alberta, phosphate operations, probably with = 
overseas supplier (Agrium Inc., 2011, p. 22). i 

Morocco.—OCP Group, the Moroccan phos 
о plans to expand its phosphate rock 
Production capacity incrementally duri = 
beginning in 2011. OCP planned A боо 
rock mine production capacity from 30 Mt/yr to 50 ie iua 
increase beneficiation capacity from 9 Mt/yr to 38 Mt/ E 
increase DAP/MAP capacity from 3 Мууг to 9 My yr, 
expand the port facility at Jorf Lasfar to handle u E Es 
of phosphate products. The expansion of the DAP a А 
capacity wa - 

pacity was to be done through the construction of four new 


phate producer, 
and fertilizer 
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plants at Jorf Lasfar, each with an annual production capacity of 
1 Mt/yr of combined DAP and MAP. The plants were planned to 
be built at 6-month intervals between 2013 and 2015. In the first 
quarter of 2013, OCP expected to start building a 44-Mt/yr 
slurry pipeline to transport phosphate rock from the mines to 

the new and existing phosphate plants at Jorf Lasfar. Upon 
completion of all projects, Morocco will be the world's leading 
supplier of phosphate rock, phosphoric acid, DAP, and MAP 
(Fertilizer Week, 2010). 

Namibia.—Marine Phosphate (Pty.) Ltd. ( a joint venture 
between Minemakers, Tungeni Africa Investments cc, and 
Union Resources Ltd.) completed a scoping study of Sandpiper/ 
Meob offshore phosphate joint-venture project about 60 km 
offshore of Namibia at a depth of 225 meters. Initial indicated 
reserves аге 73.9 Mt, with an average grade of 20.57% P,O, and 
inferred reserves are 1,500 Mt, with an average grade of 18.7% 
Р,О,. The company also planned to test the JDCPhosphate 
process with ore from Namibia. A feasibility study was planned 
for 2011 to determine if the project should produce phosphate 
rock, phosphoric acid, or both. Minemakers, which holds the 
largest share in the project, planned to start production in late 
2013 (Fertilizer International, 2011). 

Peru.—Vale of Brazil began production at its Miski Mayo 
Mine phosphate rock mine in the Sechura Desert in the Piura 
region of northwestern Peru. Production was expected to 
increase gradually from the initial production capacity of 1 
Mt/yr to full capacity of 3.9 Mt/yr during several years. The 
mine is operated by a subsidiary of Vale and is owned by a 
joint-venture agreement between Vale (4096), Mosaic (3596), 
and Mitsui & Co. of Japan (2596). Mosaic entered into the 
joint venture in March 2010, and it will receive up to 3576 of 
production. The rock was to be shipped primarily to Brazil, 
Indonesia, and the United States. Vale was considering building 
a phosphate plant onsite before 2013, depending on market 
conditions (Fertilizer Week America, 2010b). 

Stonegate Agricom Ltd. of Canada was developing the 
Mantaro Phosphate property located 250 km from Lima near 
Huancayo. The company planned to conduct a feasibility study 
in 2011 and start production in 2013. The company was still 
evaluating the total estimated reserves for the project (Fertilizer 


International, 2010c). 


Outlook 


World phosphate rock annual production capacity was 
projected to increase 2696 from 2010 to 2015, increasing 
from 203 Mt to 256 Mt, with more than 5096 of the increase 
from Africa. The increase will be from a combination of new 
mines and expansion of existing operations, some of which 
were discussed in the previous section. About 70% of the new 
capacity will be for the export market (Heffer and Prud'homme, 
2011). U.S. production capacity will likely remain the same or 
decrease slightly through 2015 depending on whether three new 
mines under development in Florida are able to receive permits 
to operate. À new mine in Idaho was expected to be permitted, 
but it would be as a replacement for an existing mine. 

The projected increases in annual production capacity for 
phosphate rock will supply the associated increase in phosphoric 
acid and fertilizer production. World population growth ensures 


56.4 


the need for phosphate fertilizer to grow crops for food and 
biofuels. World consumption of P,O, in fertilizer was projected 
to increase from 39.9 Mt in 2010 to 41.4 Mt in 2011 and to 449 
Mt in 2015, according to the International Fertilizer Industry 
Association. Phosphoric acid production capacity was expected 
to increase by 3.996 per year between 2010 and 2015, with 
one-third of the new output from operations in China. Global 
production of phosphate fertilizer was expected to increase from 
36.6 Mt/yr Р.О, to 44.4 Mt/yr P,O, (Heffer and Prud'homme, 
2011). 

Domestic production and consumption of phosphate rock i 
2011 were expected to be slightly higher than in 2010 as the 
fertilizer markets return to conditions seen before the economic 


downturn. 
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ШКЕ. 

ке TABLE 1 

a SALIENT PHOSPHATE ROCK STATISTICS’ 

у 

lip (Thousand metric tons and thousand dollars unless otherwise specified) 


x ————————— — —'Á--— P-——— зле 


" с ЖАТ. дл стыра ЕНСЕ 
iq 2006 2007 2008 2009 2010 
ipd United States: — — ]— 


јаје Mine production (crude ore) i 111,000 126,000 124,000 107,000 106,000 
фи Marketable production: | 

Quantity: 
Tou Gross weight 30,100 29,700 30,200 26,400 25,800 
E __PiOseontent зш ваво 890740777740” 
TA Sold or used by producers: А 
dir Quantity: 
к DE 


de Gross weight — 30,200 31,100 28,900 25,500 28,100 
__ Value, average | dolampermerictn 3052 5136 _ 7664 121232 ag po 


s Imports for consumption? 2:4 | 

V Quantity, gross weight 2,420 2,670 2,750 2,000 2,400 
" Value, cost, insurance, and freight? 115,000 154,000 266,000 161,000 211,000 
y Value, average dollars per metric ton 47.52 57.54 96.95 80.61 87.79 


Kc Consumption, gross weight? 32,600 33,500 31,600 27,500 30,500 
g Stocks, December 31, producers 7,070 4,970 6,340 8,120 5,620 
pt World, production, gross weight 151,000 160,000 165,000 161,000 ' 181,000 
ү; "Estimated. "Revised. 


!Data are rounded to no more than three significant digits, except average values per metric ton. 

"Average value based on the sold or used values. 

у "Source: U.S. Census Bureau. 

"Include; some estimated phosphate rock tonnage imported from Morocco but not reported by the U.S. Census Bureau. 
Expressed as sold or used plus imports. 
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Total 107,000 10,900 26,400 7,640 3,360,000 XX 


TABLE 2 
ACTIVE PHOSPHATE ROCK MINES IN THE UNITED STATES IN 2010 


Owner Mine — County and State 
CF Industries Holdings, Inc. South Pasture Hardee, FL. 
Mosaic Company, The Four Corners Hillsborough/Manatee/Polk, FL. - 
__ Do. № А Hookers Prairie Polk, FL. 
Do. Hopewell Hillsborough, Bh. 
Do. South Fort Meade Polk, FL. 
Do. Wingate Manatee, FL. 
Nu-West Industries, Inc. (Agrium Inc.) Dry Valley Caribou, ID. T: 
P4 Production, LLC. (Monsanto Co.) South Rasmussen Do. 
PCS Phosphate Co., Inc. Aurora | Beaufort, NC. 
. Do. Swift Creek Hamilton, F l А 
Simplot, J.R., Co. Smoky Canyon Caribou, ID. 
Do. Ж. а E Vernal ; К ‘Uintah, UT. 
Do. Ditto. | P 
TABLE 3 
PRODUCTION OF PHOSPHATE ROCK IN THE UNITED STATES, BY PERIOD! 
(Thousand metric tons and thousand dollars) 
Mine production, crude ore Marketable production, beneficiated 
РО Р.О; Ending stocks, 
Period Rock content Rock content Value? 4 tock 
2009: 
January-June 53,800 5,430 12,900 3,730 2,500,000 9,100 
3,910 858,000 8,120 


53,200 5,470 13,500 


July-December 


2010: 
3,720 896,000 


January-June 55,300 5,870 13,200 
July-December ps dt 50,600 6,030 12,700 3,80 1080000 (| 5,620 
ЫП оу == "TIUS — 1900. ‚млд _ 7400 1,980,000 _ ES 
XX Not applicable. — ј о. ч 
!Data are rounded to no more than three significant digits; may not ада to totals shown. 
?Based on the per ton sold or used values. 
TABLE 4 
PHOSPHATE ROCK SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY 
PERIOD! 
(Thousand metric tons and thousand dollars) 
ETT eO. EL Р.О; 
Period Rock content — — Value 
2009: | МР > | >» == Мі 
January-June ^ — | 11,200 3230 2,310,000 
“July-December о | 14300 4,150 936,000 
im. 5 2-2. 25,500 7380 3,250,000 
[TEENS he Аа 13,700 3.850 912,000 
| _ July-December i dd co^ 14,400 4.160 1,290 290, 000 
_ Total 278 | Әмен CE > 228, 100: | 8000 — — 2210, ‚000 
! Data are founded: to no more dus flies еп ови digits; may not add to totals shown. 
*Free on board mine. 
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TABLE 5 
U.S. EXPORTS OF DIAMMONIUM PHOSPHATE"? 


(Thousand metric tons and thousand dollars) 


= 2009 2010 
Country Quantity Value Quantity Value 

Argentina | 20008 32,300 147 69,200 
Brazil 00 mE 144 35,200 151 59,800 
China | 348 106,000 59 16,700 
Colombia. 76 24,400 127 57,200 
India 3210 1,030,000 2,550 1,080,000 
Japan 162 51,200 166 64,100 
Mexico 208 68,600 216 88,400 
Pakistan 146 45,000 113 55,100 
Peu m 136 40,400 59 23,700 
Thailand 67 21,400 99 51,100 
Other um 946" 365,000" 402 148,000 
ЕСТЕН 5,530 1,820,000 4,090 1,710,000 
"Revised. 


Presentation of annual data is based on the top 10 quantities (gross weight) of the 
leading countries in 2010. 
Туда are rounded to no more than three significant digits; may not add to totals shown. 


TABLE 6 


U.S. EXPORTS OF MONOAMMONIUM PHOSPHATE! 2 


(Thousand metric tons and thousand dollars) 


200 /0 _ 2010 — 
Country Quantity Е Value Quantity Value 

Argentina i 231 68,00 — 258 112,000 
Australia 257 90,300 330 153,000 
Brazil 495 158,000 588 255,000 
Са ——— O 601 196,000 647 263,000 
Chile 0 46 14,000 76 28,700 
China — 12 3,600 26 8,020 
Colombia | 92 29,100 133 66,900 
Ecuador | mM 18 6,910 25 11,000 
Japan | 64 20,700 71 26,300 
Mexico | 106 35,900 96 43,900 
Other — .— |.  184' X 94,500' 79 33,000 

Total ___ 200 — 712000 — 2330 1,000,000 


‘Revised. i 
l í : 

Presentation of annual data is based on the top 10 quantities (gross weight) of the leading 
countries in 2010. 


2 T" ... 
Data аге rounded to по more than three significant digits; may not add to totals shown 
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TABLE 7 
U.S. EXPORTS OF PHOSPHORIC ACID! 


(Thousand metric tons and thousand dollars) 


2009 2010 
Country Quantity Value Quantity Value 
Brazil 35 16,400 96 42,600 
Canada 29 8,400 17 4,860 
India 404 96,800 456 153,000 
Mexico 60 18,000 60 17,500 
United Arab Emirates (2) 48 31 10,500 
Other 7 2,780 ' 14 6,880 
Total 535 142,000 673 235,000 


‘Revised. 
'Excludes superphosphoric acid tonnage. 


21 ез$ than 4 unit. 


Source: U.S. Census Bureau. 


TABLE 8 
U.S. EXPORTS OF ELEMENTAL PHOSPHORUS' 


мы а ый ааа St ЕКЕН ——— ee ш Бері 
2010 


2009 
Quantity Value” Quantity Value” 

Country (metric tons) (thousands) (metric tons) (thousands) 

Brazil 14,300 58,900 14,100 46,200 
Сапада 1,270 3,640 950 3,180 
Mexico 517 995 2,830 5,420 
Other 1,250 2,500 389 1,820 
Total 17,300 66,000 18,300 56,600 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


?Free alongside ship values. 


Source: U.S. Census Bureau. 


TABLE 9 
U.S. IMPORTS FOR CONSUMPTION OF PHOSPHATE ROCK AND PHOSPHATIC MATERIALS! 


(Thousand metric tons and thousand dollars) 


xx c AME MEME Mee: 


uantity Value” 


_______Phosphatic materials, | Омшу у Озату = 
Phosphate rock: 0-0 
Dicalcium phosphate D Зе SENE 


femal ЕТС . 7 ВЕ 
Normal mie о оооу 4 ш 
Triple ae A ә 19 %- 
рін ы  ыю..2... 
Moxemmodunphoshas — À—  — —— OO 29 №. 
Phosphoricacid _ хп 30600 __ 3: — 20,600 


!Data are rounded to no more than three significant digits. 


?Declared cost, insurance, freight values. 
3 ; 
Some phosphate госк tonnages and values were suppressed Бу the U.S. Census Bureau. 
“Includes an estimate for data not reported by U.S. Census Bureau. 
?Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 10 
PHOSPHATE ROCK, BASIC SLAG, AND GUANO: WORLD PRODUCTION, BY COUNTRY " s 


(Thousand metric tons) 


Gross weight Р.О; content 


Шан... 


Commodity and country? 2006 2007 2008 2009 2010* 2006 2007 2008 2009 2010° 
Phosphate rock: 
Algeria" 1,510 ^ 1,8004 1,8054 1,070" 1,800 450 536 542 305" 540 
Australia" 2,7504 2,8504 2,950 2,500" 2,600 770 655 678 575' 600 
Brazil, concentrate 5,9332 6,185 6,343 6,000" 5,700 2,111 2,85 2,242  2,00' 2,000 
Burkina Faso* _ 2 2 2 2 2 | | | 1 ] 
Canada" 500 700 700 670 ' 700 165 210 210 200 200 
Chile: 
Apatite 12 13 21 | 15 4* 4* 1° 3° 5 
Guano И -- -- 3 2 2 NA NA NA NA NA 
Phosphorite 2 12 17 ] 1 МА МА МА МА МА 
China |... 38,600 45,400 50700 60,00 _ 68,000“ 11,600 15,100 15,200 18,000 20,400 4 
Colombia“ 43 43 27 27' 30 8 8 8 8 8 
Egypt, beneficiated © 241771. 3890 5,523 6,627" 6,000 653 1,167 1,657  2,000' 1,920 
Finland" 825 825 825 650 ' 825 300 300 300 225' 300 
India® 1,200 1,210 1,220 1,230 1,240 355 358 631 640 645 
Indonesia! | l | 1 | (5) (5) (5) (5) (5) 
гап“ 325 330 325 330 330 40 41 36 40 40 
Iraq, beneficiated* 1 | 10 30 10 (5) (5) 3 10 3 
Israel 2,49 3,069 3,088 2,697 3,2354 810° 840°  850* 740° 860 
“ае 5,805 5,552 6,265 5,281 6,000 1,860 1,780 2,005 1,620 2,000 
Kazakhstan‘ 845 4 7204 1,2264 1,225°* 1,600 195 165 280 280 350 
Korea, North 300 300 300 300 300 95 95 95 95 95 
Mexico 8 42 968 1,443 1,507 4 2 14 291 433 452 4 
Morocco’ = 27400 27800 24500  18400' 25800 8700 8900 7850 6,0007 8,500 
PEL et ede 45 45 45 45 45 17 17 17 0 17 
pons MK 2 4' 4' 4' 4 (5) |! D" 1' 1 
епі 4 
НИ е р " М | Р | 8 қ : | 237 
bim ] - 11,400 10,400 9,500" 11,000 4,000 4200 3,800 3,500" m 
| 691 645 950^* 950 180 234 180 320^* 320 
Ана с 2,629 25% 2287 2237 2,4944 966" 9%! 950: gig: 
pls: mE 42 4 40 4 42"4 42" 42 15 15 15 i j | 
упа 
es У“ - ges | - | у i е ре * — 993 1030* озу 
Thailand 1 4 4 3 3 e А : га G) 
Togo" ЕНЕ 1,650 4 750 4 4 г,4 - = БИ” І 
Tunisia, washed’ 7,801 * 8,005 4 > У a | ne s “ MM. 
ire 7,6231 17,3984 7,00 2,300 2400 2309 2200 220 
pene 30, | 00 29700 30,200 26,400 25,800* 8,680 8480 8,590 7,640 d 1 
„Uzbekistan 00 600 во — во во 140 им 14 ine 
Че" с 400* 400 400 400 400 115 40 20 
Vietnam © 1232 1,523 — 2,01' 1,896" 2000 У oe 15510 
Zimbabwe, concentrate® 66 4 | 30 | | | — WE E. 600 
Total 151,000 160,000 5 = = = 10 10 10 | 
Ба | 165,000 161,000" 181,000 46,700! 50,800" 51,0007 50,000 " "p 


Egypt 
ааа ue m. 


TT me i НИН 
F 
гапсе 50 50 50 
Se 


€ footnotes at end of table. 
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TABLE 10—Continued 
PHOSPHATE ROCK, BASIC SLAG, AND GUANO: WORLD PRODUCTION, BY COUNTRY '? 


(Thousand metric tons) 


—_—_——————————= Р,0; content 


————— 


Commodity and country? 2006 207 208 2009 2010" 2006 2007 2008 209 xf 
Basic (Thomas converter) slag—Continued:* 
TM omas converter) siag——Continued: _ 
Luxembourg 475 475 475 475 475 70 70 70 70 n 
r Ыы с NER a ERR 


с A m E c 
Total 525 "€ 525 € 525! 525! 525 78 ' 78° 78€ 78! % 
"Estimated. ‘Revised. NA Not available. -- Zero. 


World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


?Table includes data available through May 13, 2011. Figures are from official country sources where available. 
"In addition to the commodities listed, phosphate rock may be produced in Nigeria, but information is inadequate to estimate output. 
"Reported figure. 
*Less than ¥ unit, 
“Includes production from Western Sahara. 
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PrLATINUM-GROUP METALS 


ЛТ“ 
By Patricia J. Loferski 


——— Domestic survey data and tables were prepared by Pamela A. Wiser, statistica] assistant, and the world production table was 


; = prepared by Glenn J. Wallace, international data coordinator. 


Т Іп 2010, Stillwater Mining Co. (SMC) (Billings, MT) was 
"ES the only domestic mine producer of platinum-group metals 
и (PGMs) from its Stillwater Mine near Nye, MT, and its East 

Boulder Mine south of Big Timber, MT. OJSC MMC Norilsk 
Nickel (Moscow, Russia), which had been the majority owner 
of SMC since 2003, sold its entire stake in SMC to a number of 
да independent investors. SMC produced 15,100 kilograms (kg) of 
platinum and palladium in 2010, 896 less than the 16,500 kg that 
was produced in 2009 (Stillwater Mining Co., 2011а, р. 52—53). 
Defense National Stockpile Center reported no PGM sales in 
2010; 18 kg of iridium and 261 kg of platinum remained in the 
stockpile. Palladium stocks were exhausted in 2004. 

In 2010, the automobile industry continued to be a major 
consumer of PGMs. Autocatalysts accounted for approximately 
17% of rhodium consumption, 57% of palladium consumption, 
and 46% of platinum consumption on a global basis. Jewelry 
was the second leading use of platinum in 2010, at 31% of 
global consumption, down from 41% in 2009. The jewelry use 
declined because of the rise in platinum price in 2010 compared 
with that of 2009 (Butler, 2011, p. 28-30). 


in Columbus, MT; and created a new corporate subsidiary, 
Stillwater Metals Co., for its recycling operations. Construction 
was completed on a new x-ray assay facility at the recycling 
complex, which increased SMC's receiving and sampling 
capacity fourfold. About 4096 of the recycled material was 
from material purchased by SMC, and the remainder was toll 
processed for others for a fee. SMC moved its headquarters 
office to Billings, MT, from Columbus, MT, in 2010 (Stillwater 
Mining Co., 2011b). | 

Mining productivity in terms of mill feed was similar to that 
of 2009, at 2,130 metric tons per day (t/d) at the Stillwater Mine 
and 1,100 t/d at the East Boulder Mine. In 2011, SMC planned 
to resume mining on the east side of the Stillwater Mine, which 
has higher ore grades than the offshaft area (Stillwater Mining 
Co., 2011a, p. 10). 

SMC’s sales contract with Ford Motor Co. (Dearborn, MI) 
expired at yearend. The company entered into new contracts 
with Ford, General Motors Corp. (Detroit, MI), and BASF Corp. 
(Florham Park, NJ). The new sales contracts were based on 
prevailing market prices and were for fixed ounces of PGMs to 
она Goran: Piona е К on a monthly basis (Stillwater Mining Co., 201 la, 

SMC planned to proceed with two mine expansion projects 
in the Stillwater Complex—the Graham Creek project, 
immediately to the west of the East Boulder Mine, and the Blitz 
project, immediately to the east of the Stillwater Mine. Both 
projects were within the boundaries of existing mining permits. 
The Graham Creek project would extend the East Boulder Mine 
about 2,500 meters (m) further west, and production from the 
project was expected to be 6 Mt of ore grading at 13 grams per 
metric ton (g/t) PGMs. The Blitz project would extend about 
4,100 m to the east of the Stillwater Mine via two footwall 
laterals and was expected to yield as much as 9.5 Mt of ore 
grading at 22 g/t PGMs. Development and resource evaluation 
of both projects was expected to take place during the next 5 


In December, the American Eagle Palladium Bullion Coin Act 
of 2010 was signed into law (Public Law 111—303), authorizing 
the U.S. Treasury to produce palladium bullion coins for sale 
(0 investors. Production of the coins was dependent upon the 
outcome of an independent study to determine if adequate 
demand existed for the coins to be minted and issued at no cost 
to the taxpayer. The coins were planned to be 1 troy ounce with 
a face value of $25 (Johnson Matthey, 2010). 


Production 


Primary.—During 2010, the Stillwater Mine produced 
8,420 kg of palladium and 2,520 kg of platinum, 10% and 


12% less, respectively, relative to production in 2009. РЕМ 
production from the East Boulder Mine was 4,150 kg (3,220 
kg of palladium and 930 kg of platinum), which was a 296 
and 3% decrease, respectively, in palladium and platinum 
production compared with that of 2009. Total palladium and 
Platinum production for SMC decreased by 896 and 10%, 


СІ compared with production in 2009. Production of 
rhodium in 2010 was 62 kg, which was one-half the amount of 


production in 2009 (Stillwater Mining Co., 201 la, p. 53). The 
company milled 1.10 million metric tons (Mt) of ore from the 
an slightly more than that in 2009. Decreased production 
з оа Mine was attributed to lower grade ore in 
m ч area as well as infrastructure rehabilitation and 
Т ва ground support requirements that slowed mining 
оте areas for several weeks. SMC increased its recycling 


I 
business: - | 
510655; consolidated the business in the metallurgical complex 
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to 6 years (Stillwater Mining Co., 201 la, p. 5—6). SMC al 
completed its acquisition of Marathon PGM Corp.'s (Tor | 
Ontario, Canada) Marathon PGM-copper project in Ойл 5! 
Marathon project was scheduled to come into productio di im 
the next 3 years and produce 6,220 kilograms per year à No 
of platinum and palladium for as many as 12 years be, и 
announced that it entered into а definitive agreement t еч 
Benton Resources Corp.'s (Thunder Bay, Ontario, C Mie 
Bermuda Property. The 7,300-hectare Bermuda блоха. Д 

S 


EEX" OT LLGOIIOEGAGGPAEAAMBE A, —` 


SMC announced the exit of its majority stockholder, Norimet 
Ltd. (London, United Kingdom), a wholly owned subsidiary of 
OJSC MMC Norilsk Nickel (Moscow, Russia). Norimet sold its 
entire 51.3% stake in SMC in two separate secondary offerings 
(Stillwater Mining Co., 201 la, p. 9). 

At yearend 2010, SMC reported proven and probable 
reserves of 41.0 Mt with an average grade of 15 g/t containing 
about 620,000 kg of palladium and platinum, with an in-situ 
palladium-to-platinum ratio of about 3.57 to |. Average mill 
head grades ranged from 16 g/t at the Stillwater Mine to 12 g/t 
at the East Boulder Mine. SMC's proven and probable reserves 
of PGMs are contained in the J-M Reef, an ore body within the 
layered mafic and ultramafic igneous rocks of the Stillwater 
Complex. SMC planned to produce 15,600 kg of PGMs in 2011 
(Stillwater Mining Co., 20 Па, p. 8,10, 14). 

In 2010, PGM exploration continued at several locations 
in the United States. The most advanced projects were in 
the Duluth Complex of Minnesota. PolyMet Mining Corp.'s 
(Hoyt Lakes, MN) primary focus continued to be completion 
of the environmental review and permitting process to enable 
construction and operation of the NorthMet Mine. U.S. Army 
Corps of Engineers and the U.S. Forest Service, colead Federal 
agencies responsible for the environmental impact statement 
(EIS) reviewing PolyMet's copper-nickel-precious metals 
project, published a notice of intent to complete a supplemental 
draft EIS. The colead Federal agencies were working with 
the Minnesota Department of Natural Resources, the State 
lead agency, the U.S. Environmental Protection Agency, and 
other cooperating agencies involved in the EIS process. The 
supplemental draft EIS included a proposed land exchange 
between the U.S. Forest Service Superior National Forest 
and PolyMet. The land exchange was expected to improve 
intermingled and inefficient ownership patterns and eliminate 
conflicts if minerals development was to expand in the future. 
The lands that would be received by the Superior National 
Forest consisted of forest and wetland habitat as well as lake 
frontage. The supplemental draft EIS was expected in the 
summer of 2011, with the final EIS anticipated 6 to 9 months 
later (PolyMet Mining Corp., 2010). | | 

Duluth Metals Ltd. (Toronto, Ontario, Canada) entered into a 
joint venture with Antofagasta plc (London, United Kingdom) 
to advance the copper-nickel-PGM Nokomis Project in the 
Duluth Complex, MN. Prefeasibility and bankable feasibility 
studies on the Nokomis deposit were expected to be completed 
by 2013 (Duluth Metals Ltd., 20105). Duluth Metals a to 
complete exploratory and development 2. eui nbn: 
metallurgical testing, prefeasibility and feasibi ity studies, a 

ntinued environmental data collection and analysis 
ios Duluth Metals Ltd., 2010c). 
on Nokomis by March 2012 (Du | | m 
Duluth Metals also planned to begin an exploration pA iom 
ickel-PGM deposits on its properties in the u ut 
ich fall outside the areas of the Nokomis deposit; 
luded in the Antofagasta joint venture. Duluth 
ng program on the 2.2. 

. ТТІ імі егу limited. 

which historical ibus АИ E ec le eT. 
thought ша оет deposit Duluth Metals had previously 


okomis 
that of ne è on the discovery and advancement of the Nokomis 
concen 


deposit (Duluth Metals Ltd., 2010d). 
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for copper-n 
Complex wh 
these were not inc de 
Metals planned a drilli 


Duluth Metals entered into an agreement with Franconia 
Minerals Corp. (Spokane Valley, WA) in which Duluth would 
acquire 100% of the outstanding common shares of Franconia, 
Franconia’s main asset was a 70% interest in the Birch Lake, 
Maturi, and Spruce Road nickel-copper-PGM deposits in the 
Duluth Complex in northeastern Minnesota, through the Birch 
Lake joint venture. The Franconia assets, which were near 
Duluth Metals’ Nokomis deposit, were planned to be rolled 
into Twin Metals Minnesota LLC, the Duluth Metals (60%) 
and Antofagasta plc (40%) joint venture. The transaction was 
subject to approval by Franconia shareholders at a special 
meeting expected to take place in February 2011 (Duluth Metals 
Ltd., 2010a). 

In Alaska, Pure Nickel, Inc. (Toronto, Ontario, Canada) 
continued exploration of the nickel-copper-cobalt-PGM MAN 
property 265 kilometers (km) south-southeast of Fairbanks. Ме 
Nickel completed 6,700 meters of drilling in 2010, which was 
funded by its partner, ITOCHU Corp. (Tokyo, Japan). Anew 
company was created, called MAN Alaska LLC, to hold the 
MAN property claims. MAN Alaska LLC was jointly owned by 
Nevada Star Resource Corp. (Bellevue, WA) (70%), a wholly 
owned subsidiary of Pure Nickel, and ITC Mineral Resources 
Development Inc. (Tokyo, Japan) (30%), a wholly owned 
subsidiary of ITOCHU (Pure Nickel, Inc., 2011, p. 3). | 

Secondary.—In 2010, PGMs were recycled from three man 
sources—autocatalysts, electronics, and jewelry. The global 
recovery of platinum from recycling of autocatalysts increased 
by 31% in 2010 compared with that of 2009, reaching 33,700 
kg. In North America, recovery of platinum from catalytic 
converters was an estimated 18,000 kg of platinum, which was 
a 36% increase compared with that in 2009, and represented 
roughly 53% of global autocatalyst recycled i ci 
of platinum from catalytic converters increased by 29% e 
20% in Europe and Japan, respectively, and was unchange | 
China compared with 2009 quantities. In the rest of the wont 
recycling of autocatalysts produced about 11% more -3 
in 2010 compared with that of 2009. Globally, recycling 0 
autocatalysts increased partly as a result of car eccl i 
incentive programs put in place in 2009. Catalysts c "T 
from scrapped automobiles were processed in ns n 
kg of platinum was recovered from electronics гесус ^ i 
2010, which was the same amount recovered in 2009. А ies 
23,200 kg of platinum was recovered from the р отак 
globally, an increase of 3296 compared with that of 2 
2011, p. 24). ; 

Кш p kg of palladium was recovered ор = 
autocatalysts globally in 2010, an increase 0137% S ciu 
with that of 2009. Roughly 60% of global recycled ра 
came from North America. Palladium HAE ҮТ? 
autocatalysts in North America increased by 46% to 24, 
and that т Europe increased by 20% to 10,400 kg re sis 
that in 2009. Palladium recovery from toe omis 
increased by 50% and that in China increased by | Konis 
with levels in 2009. Recycling of palladium from ele iwi 
totaled 113,700 kg in 2010, an increase of 11% up 
that of 2009. Recycling of palladium from the ДА viis 
totaled about 2,490 kg in 2010, which was qu : Ке E 
than that of 2009. In 2010, global recovery 5 dd 2011, p. 
autocatalysts increased by 26% to 7,300 kg (Bullet, ora 
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oan 
ley SMC’s recycling program recovered 12,400 kg of PGMs 
a к in 2010, an increase of 59% as compared with that of 2009. 


ШЇ more than double the 2009 sales value (Stillwater Mining Co., 


ШОП 
niis; 20114 Р. 50). 


Шай Consumption 
Wer с 
Сау» 112010, global platinum sales totaled 245,000 kg, a 16% 
Iis] increase compared with sales in 2009. About 46% of the total 
аду Was consumed by the autocatalyst industry, about 31% by the 
пећи! jewelry industry, and about 8% was used as investment. The 
. remainder was used in other industries including chemical, 
шіл electrical, glassmaking, and medical and biomedical. Platinum 
doge Ше in the autocatalyst sector increased by 43% as a result of an 
lads; Increase in light-duty vehicle production, which in turn was the 
Шу result of the effects of the global economic downturn (Butler, 
1, 2011, p. 4). 
pik | 
пише Global palladium sales were 299,000 kg in 2010, about 23% 


„(же Шоге than those in 2009. About 57% of the total was used by the 
s p. 8utocatalyst industry, about 15% by the electronics industry, and 


An: about 11% as investment. The remaining amount was used in 
-— industries such as chemical, dental, jewelry, and others (Butler, 
| КЮ 2011, p. 36). 
in In 2010, U.S. apparent consumption of refined platinum 
jid was estimated to be about 139,000 kg, a 19% decrease from 
ni the apparent consumption of 171,000 kg in 2009. Apparent 
ч domestic palladium consumption was estimated to be about 
ді s 44,300 kg, а 15% decrease from 52,100 kg in 2009. 
"m Palladium.—Palladium use in autocatalysts increased 
"n by 35% globally to 170,000 kg in 2010 compared with 
1% 2009 consumption. Demand іп Europe increased by 33% to 
E 41,000 kg. The increase was partly a result of auto scrappage 
mi | plans which had the effect of increased sales for small 

E Basoline-powered, rather than diesel, vehicles. Additionally, 
pe European automakers continued to increase substitution of 

i palladium for platinum in diesel catalytic converters, with most 
diesel catalysts containing about 25% palladium. European 

ia _ automakers increased exports in 2010, with the majority going 
ss to gasoline markets such as China. 

Е | Consumption in the North American autocatalyst sector 

в" increased to 42,300 kg, a 33% increase relative to that of 
| 2009 owing to increased auto production and sales. Palladium 
W^ consumption in the J apanese autocatalyst industry was 25,300 
№ Кра 38% increase compared with that of 2009. Palladium 

, consumption for autocatalysts in China increased to 30,300 kg, 
ў? а 42% increase relative to that of 2009. Palladium consumption 
И for autocatalysts in the rest of the world increased by 28% to 
# 30,300 kg relative to that of 2009 (Butler, 2011, p. 36—39). 
| 7 Опа global basis, palladium consumption by the jewelry 
i Industry was 19,300 kg, a 2096 decrease in 2010 compared 
| ш that of 2009. The decrease was largely a result of the 
| 32% drop in demand from China, to 11,800 kg of palladium, 
j in because of higher prices as well as sufficient levels of 
| o Nevertheless, China was again by far the leading user 
| | palladium for jewelry, with 61% of world consumption in 
| at sector. The much smaller markets in Europe and North 
| ез showed increases in palladium use in jewelry in 2010. 
, “ОпвшарПоп in Europe was 2,180 kg of palladium, a 40% 
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= Recycled material sales were $168.6 million in 2010, which was 


increase relative to that of 2009, and consumption in North 
America was 2,020 kg, an 894 increase compared with that of 
2009. Consumption in Japan was 2,330 kg of palladium, a 6% 
decrease relative to that of 2009 (Butler, 2011, р. 39—40). 

World palladium consumption in dental alloys was 18,000 
kg in 2010, which was about 9% less than consumption in 
2009. Japan and North America each consumed about 4396 of 
the global consumption in that sector. The chemical industry 
consumed 12,300 kg of palladium in 2010, a 22% increase 
from that in 2009. In the chemical industry, palladium was 
used mainly as a catalyst in manufacturing bulk chemicals, 
including purified hydrogen peroxide, nitric acid, purified 
terephthalic acid, and vinyl acetate monomer, which was a 
component of many resins and plastics. The global increase in 
palladium demand was the result of increased consumer demand 
for end products that use these various chemicals in their 
manufacturing. Consumption of palladium by the electronics 
industry was 43,900 kg in 2010, which was a 3% increase 
compared with that of 2009, a result of increased consumer 
purchasing of electronic products. Demand increased both for 
resistors and for multilayer ceramic capacitors (MLCCs), which 
have widespread use in electronic circuitry. Use of palladium in 
other applications increased by 21% in 2010 compared with that 
of 2009. Such uses included stationary-source emission control 
and petroleum refining catalysts. Purchases of palladium for 
investment increased to 33,700 kg, 7496 higher than those of 
2009. Holdings in exchange-traded funds (ETFs) were 68,400 
kg at yearend 2010, an increase of 84% compared with holdings 
at yearend 2009 (Butler, 2011, p. 42). 

Platinum.—Global use of platinum in the autocatalyst sector 
increased by 43% to 97,200 kg in 2010 compared with that in 
2009. Consumption in Europe was about 45,600 kg of platinum 
їп 2010, which was 5196 more than that of 2009, and accounted 
for about 47% of the global total. The market share of light-duty 
diesel vehicles in Europe increased to about 48% in 2010 from 
46% in 2009. Consumption in the autocatalyst sector for North 
America was 15,100 kg, an increase of 31% in 2010 relative 
to that of 2009 owing to the increase in automobile purchases 
in response to the global financial upswing. In Japan, platinum 
demand in the autocatalyst sector was 17,000 kg, about 38% 
more than that of 2009. In China, demand for platinum in the 
autocatalyst sector increased by 44% to 16,300 kg. Consumpti 
of platinum for autocatalysts increased by 44% in other i Ж 
the world in 2010 relative to that of 2009 (Butler, 2011 С 
p. 25-28). : 

_ In 2010, global consumption of platinum in the jewelry 
2. decreased as a result of higher metal prices 

onsumption in this sector was 75,10 А 
decrease compared with that of 2009. сеа La 14% 
America increased by 30% relative to that of қ iis 
response to a narrowin ice armi. 012009, partly in 

ра g of the price difference betw 
and platinum in 2010. Consumption ; "en gold 
puon in Europe and Ja 
decreased by 5% and 3%, respectively, Cons pan 
decreased by 2196 during the same time peri 
by far, the leading consumer of platinu 
kg, accounting for 74% of global cons 
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Global use of platinum in the chemical sector was 13,800 kg 
in 2010, which was an increase of 5396 compared with that of 
2009. The increase was a result of increased capacity utilization 
in chemical plants in response to a stronger global economy. 

In contrast to other industrial sectors, purchases of platinum by 
the petroleum refining industry decreased by 19% to 5,230 kg 
in 2010, a result of decreased capacity utilization in response to 
lingering effects of the economic downturn of 2009. The global 
consumption of platinum in electrical applications increased by 
16%, to 6,840 kg in 2010, compared with that of 2009, owing to 
strengthening consumer demand (Butler, 2011, p. 31—32). 

Because of its high melting point and resistance to corrosion, 
platinum equipment is used in the glassmaking industry. 
Platinum consumed in the glass industry skyrocketed to 10,700 
kg in 2010 from 311 kg in 2009. The dramatic increase was a 
result of several factors, including increased consumer demand 
for flat-panel displays that use platinum in the production of 
liquid crystal displays, and increased industrial demand for 
fiberglass in the building industry. Consumption in the medical 
and biomedical sector was 7,930 kg, which was slightly higher 
than that in 2009. Consumption in other end uses increased 
to 7,900 kg, a 3496 increase relative to that of 2009. These 
categories included use in automotive sensors, coating of 
aircraft turbine blades, and spark plugs. Investment demand 
for platinum decreased slightly to 20,200 kg. By yearend 2010, 
platinum holdings in ETFs increased to 37,300 kg (Butler, 2011, 
p. 25-33). | | 

In 2010, the U.S. Mint did not sell any platinum American 
Eagle Bullion coins (U.S. Mint, 2011). Е 

Other PGMs.—Global rhodium consumption in 2010 was 
27,200 kg, a 22% increase compared with that of 2009. A | 
majority of rhodium use, 77% in 2010, was in the production of 
autocatalysts. In 2010, rhodium use in autocatalysts increased 
to 22,500 kg, which was 1796 more than that of 2009. Demand 
for rhodium in the autocatalyst sector increased in China, J apan, 
and North America as a result of increasing vehicle production. 
In contrast, rhodium demand decreased in Europe because of 
thrifting by autocatalyst manufacturers. Use of rhodium in the 
glass manufacturing sector increased sharply to 1,770 kg, а 
200% rise in 2010 compared with that in 2009. The increase was 
owing to increased demand for fiberglass and flat-panel opi: 
Consumption of rhodium in the chemical sector gem у 
26% to 2,110 kg in 2010 owing to increased capacity uti Т 
rates in oxoalcohol manufacturing plants n Asia. nico : 
from the electrical sector increased by 33% in 2010, o : 8. 

hereas demand in other applications was down by 576 irom 
e ке (Butler, 2011, p. 44). 
that of 2009, at 622 kg ( оу ажей 

Global consumption of ruthenium increased by 79% i: 
32,000 kg in 2010 relative to that in 2009. The consumptio 


thenium in electrical applications increased to 23,400 kg from 
ru 


a 
i | d consumption of 
in 2009, mainly a result of increase i 
ivan tarii in the hard disk industry. Electrochemical 
pri 


demand Was 4.100 kg, a 399^ increase compared with that of 
ema , , 


3,110 kg, a 12% 
-n the chemical sector rose to 3, ) kg, | 
2007. а. with that т 2009. Consumption of ruthenium 
n applications decreased to 1,340 kg, 20% less than that 
in О 


in 2009 (Butler, 2011, p. 45). 
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Global consumption of iridium increased strongly to 10,400 
kg in 2010 from 2,520 kg in 2009. The largest increase of 
iridium use was in the electrical sector at 6,030 kg in 2010 
compared with 218 kg in 2009. Iridium crucibles are used in 
the electronics industry to grow high-purity single crystals for 
use in various applications. Single crystal sapphire was used 
in the production of back-lit light-emitting diode televisions. 
Increased demand for these televisions led to increased demand 
for iridium crucibles (Butler, 2011, p. 45). 


Prices 


In 2010, the Engelhard annual average price of palladium 
doubled and that of platinum increased by 3496 compared 
with the 2009 annual average prices. As for the other PGMs, 
the 2010 iridium annual price increased by 5396, and rhodium 
and ruthenium annual prices increased by 55% and 10496, 
respectively, compared with the 2009 prices (table 1). 

Iridium.—In the beginning of January, the price of iridium 
was $420 per troy ounce. The price increased steadily through 
May, when it reached $715 per troy ounce. The price held steady 
until late October, when it increased to $745 per troy ounce, 
and ended the year at $780 per troy ounce, which was a 30-year 
high. The large price increase was the result of increased 
purchases of iridium by the electrochemical and electronics 
sectors. 

Palladium.—Palladium prices began the year at $422 per troy 
ounce, increased to $573 per troy ounce in April, and decreased 
to $433 per troy ounce in late May. For the rest of the year, 
the price trend was upwards in response to increased investor 
interest and increased demand from the automobile sector. The 
palladium price ended the year at $800 per troy ounce, which 
was its highest level in 10 years. 

Platinum.—Although the platinum price was volatile 
throughout the year, the annual average price reached an 
alltime high. Platinum began the year at $1,510 per troy ounce, 
increased to $1,750 per troy ounce in late April, and decreased 
to $1,495 per troy ounce in late May. The price remained below 
$1,600 per troy ounce until mid-September, when it increased 
steadily through the beginning of November, when tt reached 
the year’s high at $1,790 per troy ounce. The price ended the 
year at $1,754 per troy ounce. The price increase toward the 
yearend was driven by strong investment demand. 

Rhodium.—The rhodium price began the year at $2,625 per 
troy ounce, increased to $2,975 per troy ounce in mid-April, 
then decreased steadily for the next 5 months, dropping to 
$2,120 per troy ounce in mid-August. The price increased to 
$2,350 per troy ounce in late September and ended the year at 
$2,425 per troy ounce. The midyear price decline was owing 
to lack of buying interest. The increase toward yearend was Ш 
response to news of increased car sales in China. 

Ruthenium.—The ruthenium price increased strongly 
the first half of the year and then decreased strongly in the 
second half of the year. The price began the year at $170 per ; 
troy ounce, rose to $245 per troy ounce in early May, where 9б 
remained until late June, and then decreased steadily for b. 
6 months to end the year at $180 per troy ounce. The ruthent 
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mas price increased owing to purchasing by the electronics sector 
ІТ and decreased owing to decreased industrial demand. 
sex; ^ Foreign Trade 
Sigh og 
poling In 2010, the U.S. net import reliance as a percentage of 
Miis © apparent consumption was estimated to be 74% for refined 
im palladium and 98% for refined platinum. Imports of refined 
palladium in 2010 increased slightly to 70,700 kg from 69,700 
kg in 2009, with three countries accounting for about 72% of 
refined palladium imports in 2010—South Africa (33%), Russia 
_.,, (26%), and the United Kingdom (13%). Imports of platinum, 
Me including waste, scrap, and coins, decreased by 17% in 2010 
И 0 152,000 kg, from 183,000 kg in 2009. Excluding waste and 
ИШ scrap, three countries accounted for 73% of imports of platinum 
WE ^ in 2010. South Africa (50%), the United Kingdom (15%), and 
ІШ Germany (9%). Refined imports of other PGM decreased by 
ill 10% in 2010 compared with those of 2009. Imports of iridium 
ша increased by 132% to 3,530 kg; those of rhodium and osmium 
шй increased by 15% and 12%, respectively, and those of ruthenium 
it! ^ decreased by 33% compared with those of 2009. Three countries 
192 ^ accounted for 89% of the imports of other РОМ in 2010—South 
Wis Africa (66%), the United Kingdom (12%), and Germany (11%) 
M | — (tables 2, 3). 
ШІ ^ ^ About38,100 kg of palladium was exported in 2010, an 
m Increase of 26% relative to palladium exports in 2009. Exports 
е: ofplatinum, including waste and scrap, increased by 17% to 
Wi 55,100 kg, and exports of rhodium increased by 9096 compared 
IE! ^ with exports іп 2009. Exports of iridium, osmium, and 
ШЕ ruthenium decreased by 8% during the same time period 
ізі: (table 4). 
gt 
World Review 
Ш 
di In 2010, world mine production of PGMs increased by 4% to 
" 467,000 kg compared with 449,000 kg in 2009 (table 5). South 
" Africa, the world's leading producer of PGMs, accounted for 
к 62% of total mine production in 2010; Russia accounted for 
is 26%, Zimbabwe accounted for 4%, and Canada and the United 
ші States each accounted for 3%. In 201 0, platinum production 
j from South Africa totaled 148,000 kg, which represented 77% 
f of world platinum production and was a 5% increase relative to 
South African production in 2009. Global output of palladium 
р Increased to 202,000 kg, with Russia and South Africa 
f E for 42% and 41%, respectively, of the total. The 
| nited States accounted for 6% of world palladium production. 
j World production of other PGMs (iridium, osmium, ruthenium, 
, m 5 in 2010 increased by 3% as compared with that of 
Й 5 ‚ ош Africa was the dominant producer, accounting for 
í ofthe total global production of other PGMs. 
| йыш e Norilsk Nickel produced 3,330 kg 
р Pun and 560 kg of platinum as byproducts from its 
| | operations at the Tati Mine. These quantities represented 
| Increases of 7% and 6%, respectively, in palladium and platinum 
| Production compared wi i | © 
| pared with that in 2009 (OJSC MMC Norilsk 
| Nickel, 2011, p. 4). 
| оо American Palladium Ltd. (Toronto) 
ех | | g of palladium and 156 kg of platinum from 
5 Isles Mine. The mine was reopened in April 2010 
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after having been placed on care-and-maintenance status in 
October 2008 in response to low metal prices (North American 
Palladium Ltd., 2011). 

Xstrata plc (Zug, Switzerland) continued to produce PGM as 
byproducts from nickel mining operations at Sudbury, although 
production figures were not released. Xstrata’s Nickel Rim 
South Mine probably produced more than 1,900 kg of platinum 
and a similar amount of palladium (Butler, 2011, p. 21). Vale 
Inco Ltd. (Toronto) produced 1,870 kg of palladium and 1,090 
kg of platinum as byproducts of its nickel operations at Sudbury. 
These data reflect production decreases for palladium and 
platinum of 61% and 66%, respectively, relative to production 
in 2009. Production was severely affected by a year-long strike 
which ended in July 2010 (Butler, 2011, p. 21). 

Russia.—In 2010, Russia accounted for 42% of global mine 
production of palladium, 13% of platinum production, and 
1696 of other PGMs. Norilsk Nickel produced 84,700 kg of 
palladium and 20,600 kg of platinum in 2010, a slight increase 
for palladium and a 4% increase for platinum compared with 
2009 production (OJSC MMC Norilsk Nickel, 2011). Russia's 
alluvial production was about 4,510 kg of platinum, which was 
а 3% decrease compared with 2009 production (Butler, 2011, 

p. 20-21). 

South Africa. — Іп 2010, South African production of 
platinum and palladium increased by 596 and 9%, respectively, 
compared with 2009 production. The world's leading PGM 
producer, Anglo American Platinum Ltd. (Johannesburg), 
produced 79,900 kg of platinum and 45,100 kg of palladium 
in 2010, increases of 5% for platinum and 6% for palladium 
relative to production in 2009. Rhodium production was 10,200 
kg in 2010, a decrease of 6% relative to that of 2009. The 
older operations on the western limb of the Bushveld Complex 
generally had lower output in 2010 relative to that of 2009, 
whereas production at the newer operations was generally 
higher. Output from the Khuseleka and Siphumelele Mines 
(formerly part of the Rustenburg section) was 4,000 kg and 
2,900 kg of platinum and palladium, respectively, which were 
decreases of 1796 and 1494, respectively, relative to that of 2009 
Platinum production from the Mototolo Mine, a joint venture 
with Xstrata, was 3,360 kg, slightly lower than 2009 productio 
The Kroondal and Marikana Mines, operated as pool-and-sha | 
agreements with Aquarius Platinum Ltd. (Perth, Australia) М 
produced 7,91 | kg and 1,640 kg of platinum, respectively. , 
which were Increases of 9% and 32% respectively, relative to 
that of 2009. Operations at Mogalakwena continued to r 
and 2010 production was 8,100 kg, an increase of 10% E E 
to that of 2009. At Modikwa, a joint venture with Afric ЕЕ 
Rainbow Minerals Ltd. (ARM) (Sandton), platinum can | 

, producti 
was 4,030 kg, which was a 4% decrease relati = 
2009. At the Bafokeng-Rasi > 2 Ive to that of 

| okeng-Rasimone Platinum Mine (BRPM) io; 
venture with Royal Bafokeng Platinum (Johannesb а 
platinum production was 5,740 kg, a 7% increas ше), refined 
2009 production. Anglo expected to prod A: 
platinum in 2011 (Anglo American PI MM Kg of 
p. 49-83). atinum Ltd., 2011, 

Impala Platinum Holdings Ltd.’ 
production of platinum in 0 м. ерш) refined 


compared with that of 2009, Output at the з E decrease 
ne Was 
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27,100 kg of platinum, an 896 decrease relative to that of 2009. 
The decrease was the result of safety stoppages following the 
deaths of 15 workers and the resulting revisions to mining 
methods. Production at Impala also decreased owing to a 
2-week stoppage that took place as a result of a workers' 

strike. Marula Mine had a difficult year, and ramp up was slow. 
Production at Marula decreased to 2,180 kg of platinum, a 596 
decrease relative to that of 2009. Production at the Two Rivers 
Mine included 4,400 kg of platinum in concentrate, which 

was a 1996 increase compared with that of 2009 as a result of 
continued progress toward ramp up to full capacity. Impala 
expected to produce 4,670 kg/yr of platinum by 2013 from Two 
Rivers (Impala Platinum Holdings Ltd., 2011, p. 73-95). 

In 2010, Northam Platinum Ltd. (Johannesburg) reported 
production from its Zondereinde Mine of nearly 10,000 kg of 
PGMs in concentrate, a 6% increase compared with production 
in 2009 (Northam Platinum Ltd., 2011, p. 5). 

Lonmin plc (London) reported production for 2010 of 21,600 
kg of platinum and 10,100 kg of palladium, increases of 5% 
each, relative to 2009 production. Rhodium production was 
3,000 kg, a 696 increase relative to that of 2009. Ruthenium and 
iridium production were 4,700 kg and 1,000 kg, respectively, 
increases of 896 and 796, respectively, relative to production 
in 2009. Production increased owing to an increase in quantity 
mined, improved grades, and improved recoveries in the 
concentrators (Lonmin plc, 2011, p. 4, 146). | 

Aquarius Platinum Ltd. (Bedford) resumed production at 
the Everest Mine in 2010 after completing repairs following 
subsidence of the mined-out portion of the mine in 2009. 
Aquarius’ attributed production from Everest was 1,680 kg of 
PGM. Production from Platinum Mile was 205 kg of PGM, a 
decrease of 39% relative to that of 2009 owing to a decline in 
the amount of tailings material. The Blue Ridge Mine produced 
523 kg of PGM, which was a slight increase compared with | 
2009 production. The Blue Ridge Mine was closed temporarily 
in September 2010 for redevelopment and was expected 
011. Aquarius had two pool-and-share 
o Platinum, at the Kroondal and Marikana 
buted production from the Kroondal Mine 
was 6,870 kg of PGM, an 876 increase relative to that of 2009. 
Production from the Marikana Mine was 1,990 kg of PGM, 
which was а 12% decrease relative to that of 2009. Production 
from the Chromite Tailings Retreatment Plant, a joint-venture 
between Aquarius (50%), GB Mining and Exploration 
Ltd. (Johannesburg) (2596), and Sylvanta South Africa = 
(West Perth) (25%), was 85 kg of PGM in 2010, ___ 
with production of 110 kg of PGM in 2009, a decrease o 
(Aquarius Platinum Ltd., 2011, p. 17-19). Те 

ARM platinum division had several joint ven "sn 

. а Modikwa Platinum Mine, 50% jointly owned wit 
2. latinum; Nkomati Nickel Mine, 5094 with Norilsk 
Anglo E | Ede Rivers Platinum Mine, а project in which ARM 
ieri lats 45%. Production from Modikwa was 
held 55% and s d fom Nkomati, production was 1,600 kg 
— Ps *roduction decreased by about 396 relative to 
of PGM. Mon h и ді Nkomati production nearly doubled as a 
haor a expansion program. Two Rivers produced 
ipe оға POM during 2010, which was a 1996 increase 


to reopen in July 2 
agreements with Angl 
Mines. Aquarius’ attri 


project 
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relative to that of 2009 (African Rainbow Minerals Ltd., 2011, 
p. 38-40). 

Eastern Platinum Ltd.'s (Vancouver, British Columbia, 
Canada) Crocodile River Mine produced 4,100 kg of PGMs 
in concentrate, a slight increase from that in 2009 (Eastern 
Platinum Ltd., 2011, p. 3). 

Platmin Ltd.'s (Centurion) Pilanesburg Mine, which was still 
in the build-up stage, produced 1,870 kg of PGM in concentrate 
during its first full year of production (Platmin Ltd., 2011, 

p. 37). 

Platinum Australia Ltd.'s Smokey Hills Mine produced about 
964 kg of PGM in concentrate, which was an increase of 11% 
relative to that of 2009 but far less than had been anticipated. 
Platinum Australia faced a difficult year owing to performance 
issues with the mining contractor and the discovery ofa 
previously undetected pothole in the proposed underground 
mining area. Potholes are geologic structures which result in 
displaced ore horizons (Platinum Australia Ltd., 2011, p. 2). 

Zimbabwe.—In 2010, the Mimosa Mine, a joint venture 
between Aquarius Platinum and Impala, produced 6,260 kg of 
platinum, which was 7% more than that in 2009. Mimosa was 
operating at full capacity, and no expansions were planned for 
the next 5 years (Butler, 2011, p. 22). Production from Impala's 
Zimplats Mine was 5,490 kg of PGMs, which was 81% more 
than that in 2009. The phase I expansion project at Zimplats was 
near its full production capacity, and 4.2 Mt of ore was milled in 
2010. The second phase of expansion at Zimplats was underway, 
including a third underground mine and a second concentrator. 
The phase 2 expansion was expected to be completed in 2014 
and to achieve full production of 8,400 kg/yr of platinum 
(Impala Platinum Holdings, Ltd., 2011, p. 13, 64-73). 

Anglo American Platinum's Unki Mine, near Gweru, 
continued development in 2010, and 392,000 metric tons of 
ore were mined. Anglo planned to refine as much as 933 kg of 
platinum during 2011 (Butler, 2011, p. 22). 


Outlook 


The progress of the global economic recovery is expected 
to be the main driver of demand for PGMs owing to their 
use as industrial metals. The primary end use for palladium, 
platinum, and rhodium is for catalytic converters in the 
automotive industry; therefore, the outlook for that industry 
will have the greatest impact on the consumption and prices 
of these PGMs. Economic growth remains weak in most = 
countries, but consumer confidence is returning, and industrial 
output is increasing. Global automobile production is likely 
to increase; therefore, an overall increase in demand for PGM 
in that sector is expected. Manufacturers continue to switch to 
palladium-based catalytic converters and to increase palladium 
loadings on diesel light-duty vehicles because of the pis 
difference between platinum and palladium. Thus, the Gn 
in automobile demand, particularly in emerging markets x. 
as China, will likely affect palladium demand in particular. ч 
the electronics sector, palladium demand is likely to S | 
as the global economy recovers because of increasing Ir CO 
for consumer electronics in which palladium 15 used in Ste , 
as well as increased palladium loadings in the MLCCS. Їп 
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glass sector, demand for platinum could decrease owing to 

an expected slowdown in new fiberglass production capacity 
installation. In the chemical sector, demand palladium is 

expected to rise because of an increase in construction of 
manufacturing facilities. The demand for platinum in the jewelry 
sector was expected to be about the same as that of 2009, 

whereas palladium jewelry demand is likely to be lower. The 


Nl consumption of rhodium is expected to increase as a result of 
mX higher vehicle demand in many areas of the world. Ruthenium 
| demand is expected to increase as a result of increased demand 
fri from the electrical and electrochemical sectors. Iridium demand 
IN: 15 likely to decrease as a result of stock building of crucibles 
Wu ^ used for the growth of metal oxide single crystals. 
Pn Оп the supply side, platinum production from South Africa is 
weil ^ expected to increase as a result of ramp up from new operations 
Ibm and additional output from reopened shafts that had been closed 
Wis owing to low metal prices. Supply from Zimbabwe is expected 
1]; 10 increase because of new mining projects, but this may be 
mæ dependent on the political situation. Recycling of platinum and 
«iit ^ palladium is expected to increase, particularly in the automotive 
M — catalyst recycling sector. 
ma 
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TABLE ! 
SALIENT PLATINUM-GROUP METALS STATISTICS! 


2006 2007 2008 2009 2010 
United States: 
Mine production: 
Palladium, Pd content; 
Quantity kilograms 14,400 12,800 11,900 12,700 11,600 
Value thousands $150,000 $148,000 $136,000 $108,000 $199,000 
Platinum, Pt content:? 
Quantity kilograms 4,290 3,860 3,580 3,830 3,450 
Value thousands $158,000 $162,000 $182,000 — $149,000 $179,000 
Refinery production: 
Palladium, Pd content: 
Quantity kilograms 5,660 7,410 7,650 7,820! 7,920 
Value thousands $58,700 $85,100 $87,300 $66,800" — $135,000 
Platinum, Pt content: 
Quantity kilograms 6,870 8,930 7,400 7,210! 6,500 
Уаше thousands $253,000 $375,000 $376,000 $280,000 $338,000 
Imports for consumption, refined: 
Iridium, Ir content kilograms 2,800 3,410 2,550 1,520 3,530 
Osmium, Os content do. 56 23 11 68 16 
Palladium, Pd content do. 119,000 113,000 120,000 69,700 70,700 
Platinum, includes waste, scrap, and coins, Pt content do. 114,000 181,000 150,000 183,000 152,000 
Rhodium, Rh content do. 15,900 16,600 12,600 11,200 12,800 
Ruthenium, Ru content do. 36,000 / 48700 49,800 21,200 14,100 
Exports, refined: " 
Iridium, osmium, and ruthenium, gross weight do. 3,390 8,190 6,450 _ 4,020 3,720 
Palladium, Pd content mE do. 53,100 41,800 26,400 30,00 3810 
— "Platinum, Pt content — — do. 45,500 28,900 15,600 15,600 16,900 
Rhodium, Rh content do. 1,600 __ 2,210 1,980 1,220 2,320 
Stocks, National Defense Stockpile, December 31: 
iridium. lr content = do. |! — — 18 18 18 18 
Platinum, Pt content Е до. 261 261 261 261 261 
"Price average: | = 
ooo ОША dollars per troy ounce 34945 44443 448.34 420.40 642.15 
uc Е NEN C V —— агас 53061 
Platinu m IPTE do. 1,144.42 1,308.44 1,578.26 1,207.55 1,615.56 
Rhodium" o do. 4,561.06 _ 6,203.09 6,533.57 1,591.32 2,459.07 
м do. 193.09 573.74 324.60 9728 19845 
— Employment = i 1,720 1,630 1,360 1,270 1,350 
World, mine production’, PGM content kilograms 515,000" 511,000" 468,0007 449,000: 467,000 
*Estimated. ‘Revised. do. Ditto. 
Шаға are rounded to three significant digits, except prices. 
?Source: Stillwater Mining Co., 2010 annual report, p. 52. 
3Price data are annual averages of daily Engelhard unfabricated quotations published in Platts Metals Week. 
^Price data are annual Engelhard unfabricated quotations published in Platts Metals Week. 
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TABLE 4 
U.S. EXPORTS OF PLATINUM-GROUP METALS, BY COUNTRY! 


Platinum, Iridium, osmium, 
Palladium Platinum waste and scrap ruthenium Rhodium 
Quantity, Quantity, Quantity, Quantity, Quantity, 
Pd content Value Pt content Value Pt content Value gross weight Value Rh content Value 
Country (kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) 
2009 30,300 $229,000 15,600 $522,000 31,600 $523,000 4,020 $34,400 1,220 $48,400 
2010: 
Argentina 6 10 83 3,910 -- -- - -- B - 
Australia 772 8,240 2] 982 (2) 3 5 73 -- -- 
Belgium 58 709 142 6,870 649 5,830 1 6 34 2,420 
Brazil 645 10,700 34 1,620 -- -- - - 42 3,080 
Сапада 4,730 39,800 1,130 56,200 44 1,880 10 139 1 98 
China 1,830 25,900 451 19,900 62 3,500 561 7,000 813 48,900 
Colombia 74 1,020 3 54 - - - -- -- -- 
Czech Republic 739 1,500 52 Е = a m em = = 
Denmark 227 2,520 7 323 = - - -- -- - 
Етапсе 451 3,540 35 765 | 10 2 46 -- - 
Germany 3,510 46,200 5,720 263,000 2,540 56,200 1,460 12,000 342 25,200 
Hong Kong 1,100 15,300 113 5,120 (2) 36 82 1,170 231 14,000 
India 232 1,540 309 15,700 -- -- 3 35 9 652 
Ireland 82 487 161 5,370 -- -- 20 124 -- — 
Israel 2,920 11,200 44 1,070 -- - 21 196 = = 
Italy 1,550 21,500 1,410 72,100 | 51 49 313 52 3,310 
Japan 3,140 41,400 1,860 64,300 1,480 49,900 700 7,310 239 17,600 
. Korea, Republic of | 1,480 17,600 82 3,590 -- - 2 26 4 369 
Mexico 644 1,320 349 11,500 -- -- 2 62 l 110 
New Zealand 112 1,490 2 162 -- -- -- -- = = 
Norway 71 931 16 380 -- -- Е = " " 
Saudi Arabia 43 442 1 13 = = - - 262 7,450 
Singapore 452 1,750 605 30,000 Q) 4 3 76 (2) 5 
South Africa 83 345 53 1,120 4,620 23,000 | 21 7 865 
Spain 203 1,400 | 39 - - | 9 à ый 
Switzerland 7,090 108,000 2,990 156,000 6,560 169,000 | 16 9 765 
Taiwan 2.190 18,200 59 2.280 24 -- 640 4,810 8 750 
Thailand 180 1,810 15 1,410 -- - = = (2) 18 
United Kingdom 3,330 32,700 1,060 44,500 22,200 791,000 151 3,280 261 5,910 
Other 173 1,720 160 5,480 - Е 7 67 | 4,720 
Total 38,100 419,000 16,900 775,000 38,200 1,100,000 3,720 36,800 2,320 136,000 
пас чанына ан 
Dat are rounded to no more than three significant digits; may not add to totals shown. 
Less than ' unit. 
Source: U.S. Census Bureau. 
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TABLE 5 
PLATINUM-GROUP METALS: ESTIMATED WORLD PRODUCTION, BY COUNTRY" 


(Kilograms) 


е ыызы еск Жж. М Г ee ТЫЫ rE 


Palladium: 
~ Australia’ 750 600 580! 590 ' 580 
Botswana 2,000 5.000 3,000 3,000 3,330 
Canada 10,493 ? 14,100" 14,700 ' 8,100" 6,700 
Japan‘ 5,400 5,500 5,500 5,600 5,600 
Poland” ® 10 15 15 15 15 
Russia 98,400 96,800 87,700 83,200 84,700 
Serbia 15 15 15 15 15 
South Africa? 86,265 83,643 75,537 75,118 82,222 
United States? ? 14,400 12,800 11,900 12,700 11,600 
Zimbabwe 4,022 5 4,180 5 4,386 5 5.680 7,000 
Total 222,000 223,000" 203,000 " 194,000" 202,000 
Platinum: 
Australia" 209 142 120° 130 ' 130 
~ Botswana 300 700 600 600 560 
_ Canada 8,510" 8,000" 8,500 ' 4,600 3,900 
Colombia? 1,438 1,526 1,369 ' 929 ' 998 
Ethiopia 4 55 105 855 8 
kl ME NM их 800 800 800 800 800 
И c Е 760 770 770 780 780 
Le овна: 20 25 25 25 25 
Russia 29,000 27,000 25,000 ' 24,500 ' 25,100 
p uS қас 2 2 2 2 2 
South Africa? а; 168,125 160,940 146,140 140,819 147,790 
United States? 4,290 3,860 3,580 3,830 3,450 
Zimbabwe 4,998 5 5,306 5 5,642 5 7,230 8,800 
Total m oui o и 209,000 ' 193,000 ' 184,000 ' 192,000 
Other platinum-group metals: 
_ Canada | 5,000 4,000 4,000 2.600 2,600 
C т == дыны 15,600 14,500 12,500 11,900 12,000 
_ South Africa? о о 53,138 59,449 53,999 55,456 ' 57,292 
Zimbabwe 864 5 1,695 5 1,804 5 800 1-30) 
ЖАР ee 74600 — 79600 72,300 70,800 73,200 
_ Grand total 515,000 ' 511,000! 468,000 ' 449,000 ' 467,000 


"Revised. 


'World totals, U.S. data, and estimated data are rounded to no more than three Significant digits; may not add to totals shown. | 
"Table includes data available through May 20, 2011. Platinum-group metal (PGM) production by Germany, Norway, and the Га 
Kingdom is not included in this table because the production is derived wholly from imported metallurgical products and to include it 
would result in double counting. 

?In addition to the countries listed, China, Indonesia, and the Philippines are thought to produce PGM, and several other countries may 
also do so, but output is not reported quantitatively, and there is no reliable basis for the formulation of estimates of output levels. A part 
of this output not specifically reported by country is, however, presumably included in this table credited to Japan. | 
^PGM recovered from nickel ore that is processed domestically. PGM in exported nickel ore are extracted in the importing countries, 
Such as Japan, and are thought to be included in the production figures for those countries. 

3 Reported figure. 

*Production derived entirely from imported ores. 

"Based on official Polish estimates. | 
"Estimates based on reported platinum- and palladium-bearing final (residual) slimes and then average Pt and Pd content from electrolytic 
copper refining. 


"A very small quantity of byproduct platinum and palladium produced from gold-copper ores was excluded. 


"Data for the Ethiopian calendar year ending July 7 of that stated. Yubdo Mine only. Platinum was also reportedly contained in gold 
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POTASH 
By Stephen M. Jasinski 


Domestic survey data and tables were prepared by Christopher H. Lindsay, industry data analyst, and the world production 
table was prepared by Lisa D. Miller, international data coordinator. 


"^  [n2010, the world potash markets recovered from the 

"IJ economic downturn, with consumption and production returning 
Я to levels seen before 2008. Domestic production increased by 

t 29% to 930,000 metric tons (t) potassium oxide (КО) in 2010 
1 from 720,000 К.О equivalent іп 2009. U.S. sales of potash 

| increased by nearly 60% from that of 2009; and apparent 
(Œ consumption more than doubled to 5.6 million metric tons (Mt) 
ІШ in2010 from 2.5 Mt in 2009 (table 1). World production of 
WW potash increased by 64% from that of 2009. 


Potash includes a variety of mined and manufactured salts, 
all of which contain the element potassium in water-soluble 
form. The majority of domestic potash was produced near 
Carlsbad, NM, with most of the potash coming from the mineral 
sylvite. The term potash refers to potassic fertilizers, which are 
potassium chloride (KCI or sylvite), potassium sulfate [K,SO, 
or sulfate of potash (SOP), usually a manufactured product], and 
potassium-magnesium sulfate [K,SO,*2MgSO , or langbeinite or 
double sulfate of potash magnesia (SOPM or K-Mag)]. Muriate 
of potash (MOP) is an agriculturally acceptable mix of KCl 
(95% pure or greater) and sodium chloride (halite) for fertilizer 
use that includes minor amounts of other nontoxic minerals 
бот the mined оге and is neither the crude ore sylvinite nor 
pure sylvite. 


Production 


Domestic production data were developed by the U.S. 
Geological Survey (USGS) from a semiannual voluntary 
canvass of U.S. operations. All of the seven operations 
canvassed for semiannual production data responded to the 
surveys, 

Potash companies in the United States produced MOP, SOP, 
and SOPM. Published production data of all types and grades 
of potash in the United States are adjusted to avoid disclosing 
the proprietary data of companies that produce SOP and SOPM, 
which together are known as sulfates 

Three companies produced potash from seven operations in 
three States. Most domestic production was from southeastern 
New Mexico, where Intrepid Potash, Inc. operated two mines 
and The Mosaic Company operated one mine. Mosaic also 
operated a deep-solution mine in Michigan. The third State with 
Potash production was Utah, where Intrepid produced potash 
from a solution mine in Moab and from a solar evaporation 
facility in Wendover; Great Salt Lake Minerals Corp. (GSLM) 
(a subsidiary of Compass Minerals International, Inc.) operated 
à solar evaporation facility in Ogden. 
| Intrepid continued to develop the HB Solar Solution Mine 
In Carlsbad, NM. The mine was operated previously as a 
conventional underground potash mine. Intrepid planned to 
convert the HB mine into a solution mine. In 2010, the U.S. 
Bureau of Land Management (BLM) began the environmental 
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impact statement (EIS) required for approval of the project. 

The final EIS was expected to be released in late 2011 or early 
2012. In July 2010, Intrepid received the ground water discharge 
permit for the mine from the New Mexico Environment 
Department. The company expected to begin production about 
18 months after receiving approval for the project and gradually 
increase production to full capacity of 200,000 metric tons per 
year (t/yr) about ] year after commencing operations (Intrepid 
Potash, Inc., 2011, p. 7). 

GSLM began work in September on the expansion of its 
SOP production capacity to 570,000 t/yr from 350,000 t/yr. 

By using new technology to improve the efficiency of its solar 
evaporation process, the company would increase capacity 
without adding new evaporation ponds on the Great Salt Lake. 
The project was to be completed incrementally through 2015. 
GSLM previously announced plans to double its SOP capacity 
by adding 36,800 hectares of new solar evaporation ponds. 

The company applied for permits in 2007 with the U.S. Army 
Corps of Engineers, which continued conducting environmental 
studies of the expansion parcel (Overbeck, 2010). 

Exploratory drilling for potash began in Burke County, ND, in 
November. Dakota Salts LLC (a subsidiary of Sirius Exploration 
PLC) received the first potash exploration permit issued in 
North Dakota since 1976. The potash deposits in the State are 
contiguous with those in the Canadian Provinces of Manitoba 
and Saskatchewan; however, the potash beds in North Dakota 
are much deeper than those in Canada. The average depth of 
mines in Saskatchewan is 1,500 meters (m), and the exploratory 
well in North Dakota was drilled to a final depth of 2,794 m. 
Dakota Salts planned to recover the potash by solution mining if 
the project is determined to be feasible (MacPherson, 2010). 


Consumption 


The principal use of potash is as an agricultural fertilizer 
(plant nutrient) because it is a source of soluble potassium, 
which is one of the three primary plant nutrients required for 
plant growth and maturation; the others are fixed nitrogen and 
soluble phosphorus. Potash and phosphorus are mined products, 
and fixed nitrogen is produced from the atmosphere using 
industrial processes. Modern agricultural practice uses large 
amounts of these primary nutrients and additional nutrients, 
such as boron, calcium, chlorine, copper, iron, magnesium, 
manganese, molybdenum, sulfur, and zinc, to ensure plant health 
and proper maturation. The three major plant nutrients have 
no cost-effective substitutes. Low-nutrient-content alternative 
potash sources, such as animal manure and guano, bone meal, 
compost, glauconite, and ‘Чапкаре” from slaughterhouses, are 
available, but the cost of transportation per metric ton of nutrient 
beyond relatively short distances can reduce their desirability. In 
addition to its use as a fertilizer, potassium chloride is important 
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in industrialized economies, where it is used in aluminum 
recycling, by the chloralkali industry to produce potassium 
hydroxide, in metal electroplating, in oil-well drilling mud, 
In snow and ice melting, in steel heat-treating, and in water 
softening. 

Potassium hydroxide is used for industrial water treatment 
and is the precursor of potassium carbonate, several forms of 
potassium phosphate, many other potassic chemicals, and soap 
manufacturing. Potassium carbonate is used to produce animal 
feed supplements, cement, fire extinguishers, food products, 
photographic chemicals, and textiles. It is also used in brewing 
beer, pharmaceutical preparations, and as a catalyst for synthetic 
rubber manufacturing. Generally, these nonfertilizer uses have 
accounted for about 15% of annual potash consumption in the 
United States and 1096 worldwide. 


Foreign Trade 


Imports for consumption of all potash fertilizers, in term of 
K,O content, more than doubled from those of 2009, owing to a 
recovery in the potash market following the economic downturn 
in 2008-09. The largest increase was for MOP imports, which 
increased by 118% from those of 2009. Overall, 84% of imports 
of SOPM were from Canada (tables 5—6). Potash exports were 
slightly lower than that in 2009, although exports of SOPM 
were 56% higher, in terms of К.О content (tables 3-4). 


World Industry Structure 


World production of potash increased to 33.7 Mt from 
20.6 Mt in 2009. Canada, Russia, and Belarus, the leading 
producers by order of output, accounted for 63% of world 
production in 2010 (table 7). 


World Review 


Canada.—The three current potash producers in Canada, 
Agrium Inc., Mosaic, and Potash Corp. of Saskatchewan 
Inc. (PotashCorp) planned to expand production capacity in 
the near future. Agrium expected to complete expansion of 
its Vanscoy Mine in Saskatchewan by 2012, which would 
Increase its production capacity by 0.8 million metric tons per 
year (Mt/yr) of MOP (Agrium Inc., 2011, р. 22). Mosaic had 
several projects planned or in progress that would increase its 
production capacity in Saskatchewan to 14.8 Mt/yr of MOP 
by 2019 from 9.9 Mt/yr of MOP in 2010 (Mosaic Company, 
The, 2011, p. 11-13). PotashCorp had ongoing expansion 
projects at its mines in New Brunswick and Saskatchewan that 
were scheduled to add 3.2 Mt/yr of MOP production capacity 
in 2012. In addition, PotashCorp was building a new mine at 
Rocanville, Saskatchewan, that would add 2.7 Mt/yr of MOP 
capacity. All projects were expected to increase the company’s 
MOP production capacity to 17.9 Mt/yr in 2015 from 13.3 Mt/yr 
(Potash Corp. of Saskatchewan Inc., 201 l, p. 4—6). 

Several foreign companies have acquired potash properties 
in Saskatchewan since 2008 and were actively developing new 
mines. In 2010, BHP Billiton Group (Melbourne, Australia) 
completed a feasibility study of its Jansen Project, which it 
acquired from Anglo Potash Inc. in 2008. The Jansen Mine was 
planned to have production capacity of 8 Mt/yr of MOP. BHP 
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planned to begin active development by 2012. In January 2010) 
BHP acquired Athabasca Potash Inc., which was developing the 
Burr Potash Project next to the Jansen property. BHP did not 
give a timeframe for development of the Burr property. BHP 
controls about 6,900 square kilometers of potash properties in 
Saskatchewan (Fertilizer International, 2010b). BHP also made 
а bid to acquire PotashCorp, but it withdrew the offer after the 
bid was rejected by the Canadian Minister of Industry (Green 
Markets, 20102). 

Vale S.A. (Brazil), acquired the Regina Potash property from 
Rio Tinto Plc (London, U.K.) in late 2009. Vale planned to 
construct a 2.8-Mt/yr MOP mine that would begin production 
after 2016 (Green Markets, 201 Ос). 

German potash producer, K+S Aktiengesellschaft, purchased 
Potash One Inc. in late 2010 to gain control of the Legacy 
Potash Project. Potash One completed a feasibility study and 
EIA prior to its sale to K+S. The new solution mine was planned 
to produce 2.86 Mt/yr of MOP for about 40 years. K+S expected 
to start construction of the mine in late 2011 (Fertilizer Week, 
2010). 

Western Potash Corp. was developing the Milestone property, 
near the BHP Jansen Property. The company planned to 
construct a 2-Mt/yr MOP solution mine within the next decade 
(Fertilizer International, 2010b). | 

Congo (Brazzaville). —Three mines in Congo (Brazzaville) 
were in various stages of development in 2010. The Kouilou 
Project, which was being developed by MagIndustries Corp. 
of Canada through its subsidiary (MagMinerals Potasses 
Congo SA) was the most advanced in terms of permitting and 
feasibility. MagIndustries planned to build a solution mine 
with an initial production capacity of 600,000 t/yr of MOP and 
increase it to 1.2 Mt/yr. MagIndustries signed an agreement 
with China National Complete Plant Import and Export Co. Ltd. 
(COMPLANT) for investment and construction funding for the 
mine and processing facilities (Green Markets 2010b). 

The other companies, Elemental Minerals Ltd. and Congo | 
Potash Co., were planning to develop solution mines that woul 
begin production in 2013 to 2015 (Fertilizer International, 
20102). | 

Russia.—Russian potash producers OJSC Silvinit and Ron 
Uralkali announced plans to merge in the fourth quarter of 201¥. 
The new company would take the Uralkali name and become 
one of the world's leading producers of potash. The merger 
was expected to be approved by the shareholders and Russian 
regulatory agencies in 2011 (Fertilizer Week, 2011). 


Outlook 


World potash production and consumption are projected " 
continue to recover from the economic downturn that laste 
into 2009. According to the International F ertilizer uu 
Association, potash production was projected to pu l 
2011 by 6% from that in 2010 and by another 5% in 20 anit у 
World potash consumption was projected to increase ІП md 
7% from that of 2010 and by an additional 3% in a 
potash production capacity was planned to increase Е s 
to 46.8 Mt/yr K,O from 42.5 МИуг К.О in 2010 (Heller 
Prud'homme, 2011). | 
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Potash exploration and development is expected to remain 
very active during the next decade. Significant new mines 
are projected to startup before 2025 in Argentina, Australia, 
Brazil, Chile, China, Eritrea, Ethiopia, Kazakhstan, Laos, 
Turkmenistan, the United Kingdom, and Uzbekistan. 

Potash is an essential fertilizer nutrient that cannot be 
substituted. More than 90% of world consumption is in fertilizer 
products. Increasing world population and its need for food 
will require continued increases in both potash production and 
consumption. 
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TABLE 1 
SALIENT POTASH STATISTICS! ? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2006 2007 2008 2009 2010 
United States: | Е = 
Production:? а ek 
Gross weigh —— _ 2,400 2,600 2,500 1,00 2,200 
_ К.О equivalent - 1,100 1100 — 1,100 720 930 
Sales by producers: 
Quantity: "m" 
Gross weight = MM _ 2400 2,600 2,400 1,500 — 2400 
K0 equivalent = 100 — 1200 1100 630 1000 
Vau 7 — 410000 480,000 740,000 2 500,000 660,000 
Average value: 
Gross weight ^ dollars per metric ton 170 185. 305 330 275 — 
K,O equivalent mM do. — 380 410 _ 675 800 605 
Exports: | 
_ Gross weight _ 2 89 90 _ 694 705 813 
К.О equivalent — 332 99 222 303 297 
Imports for consumption:* 
Quantity: Е 
Gross weight 7,380 8,190 9,560 3,670 7,840 
К.О equivalent | 4,470 4,970 5,800 2,220 4,760 


Value, customs 1,150,000 1,310,000 3,260,000 1,720,000! 2,620,000 


_ Consumption, apparent;^? 


_ Grossweight = u u i ш 9,000 10,000 11,000 4,500 9,400 
К.О equivalent 5,200 5,900 60 2900 560. 


World, production, marketable К.О equivalent 30,400 | 34,900 : | 33,700 ; _ 20,600 "33,700 j 
‘Estimated. "Revised. do. Ditto. 


"Includes muriate of potash, sulfate of potash, potassium magnesium sulfate, and some parent salts. Excludes other 
chemical compounds that contain potassium. 

*Data аге rounded to no more than three significant digits unless otherwise specified. 

"Data are rounded to no more than two significant digits. 

*Free on board mine. 

"Rounded to the nearest $5 to avoid disclosing proprietary data. 
*Excludes potassium chemicals and mixed fertilizers. 

"Includes nitrate of potash. 


"Calculated from sales plus imports minus exports. 
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ТАВІЕ 2 
PRICES OF U.S. POTASH, BY ТҮРЕ AND GRADE"? 


(Dollars per metric ton of K;O equivalent) 


— 2009 2010 
January- | July- | Yearly January- July- | Yearly. 
P | Type and grade В June December average _ June December average 
I. Мипаѓе, 60% КО minimum: 
EL Standard [1300 650 870 1,320 650 880 
баш — — 75  550' 620 550 555 550 
"Revised. 
A ' Average prices, free on board mine, based on sales. 
= "Data rounded to nearest $5. 
4) 
в 
0 
i 
y] 
ый 
| 
y TABLE 3 
U.S. EXPORTS OF POTASH, BY TYPE' 
) 
| Approximate | Quantity 
t average K,O (metric tons) 
| equivalent content Gross K;O 
(percentage) — — weight equivalent 
2009: Е 
_ Potassium chloride, all grades 61 342,000 208,000 
Potassium sulfate i 5] 42,400 21,600 
Potassium magnesium sulfate 22 313,000 68,800 
Potassium nitrate о 45 8,450 3,800 
_ Total XX 705,000 303,000 
2010: | o | 
_ Potassium chloride, all grades 61 248,000 151,000 
= Potassium sulfate — 51 66,300 33,800 
_ Potassium magnesium sulfate 22 489,000 108,000 
Potassium nitrate — 00 i 45 9,990 4,500 
Total E XX 813,000 297,000 


) 


РОТАЗН—2010 


һьә 0 


"Estimated. XX Not applicable. 


'Data are rounded to no more than three significant digits; may not add to totals 


shown. 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 
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U.S. EXPORTS OF POTASH, BY COUNTRY ! 


TABLE 4 


(Metric tons of product) 


Potassium sulfates, 


Potassium chloride all grades? 

Country 2009 2010 2009 2010 
Argentina 7 7 109 4,900 
Australia -- 19 8 14,100 
Barbados 107 912 -- 221 
Belize -- 2,180 24 641 
Brazil 225,000 119,000 15,000 15,600 
Canada 5,520 5,050 51,800 114,000 
Chile 4,630 10,600 37,000 47,700 
China 3 58 379 17,500 
Colombia 12,200 9,940 32,900 37,300 
Costa Rica 19,700 4,100 27,300 30,700 
Cóte d'Ivoire -- 1,010 -- 5,490 
Dominican Republic 4,230 1,530 1,880 4,090 
Ecuador 4,140 4 8,600 9.230 
Е Salvador 3,860 2,530 | 2,500 
Ghana 3,130 2,000 8,190 23,300 
Guadeloupe 1,200 2,300 715 1,650 
Guatemala 6,100 6,510 3,770 24,600 
Honduras 3,930 18,600 11,300 13,100 
India 8 16 19,700 17,600 
Japan 591 1,100 44,100 39,700 
Korea, Republic of 102 13,900 6,460 -- 
Martinique 1,000 5,700 825 1,570 
Mexico 36,400 31,200 40,300 56,100 
Netherlands 39 4 -- 235 
New Zealand -- -. 7,050 6,000 
Nicaragua -- -- 2,070 2,800 
Рапата -- -- 3 3,520 
Реги 7,200 7,500 6,010 25,000 
Thailand 140 569 -- 5 
Trinidad and Tobago 1,840 41 32 -- 
United Kingdom 11 6 5,420 130 
Venezuela mE -- -- 23,600 32,800 
Vietnam -- -- -- 1,960 
Other 630 ' 1,130 394 ' 553 


"Revised. -- Zero. 


2009 


ee 
8,450 | 


Potassium nitrate 


2010 


598 
9,990 


1 * м • м 

Data are rounded to no more than three significant digits; may not add to totals shown. 
2 М . 

Includes potassium magnesium sulfate. 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 
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Total 
- 2009 2010 
16 4,910 
542 14,700 
146 1,140 
153 2,920 
240,000 135,000 
58,700 120,000 
41,700 58,400 
384 17,600 
45,000 47,300 
47,000 34,800 
=. 551 
6,100 5,620 
12,700 9,230 
3,860 5,030 
11,300 25,300 
1,910 3,950 
9,870 31,100 
15,300 31,700 
19,700 — 17,600 
44,700 40,900 
6,640 13,900 
1,830 7,270 
79,200 93,000 
3,230 1,740 
7,050 6,000 
2.070 2,500 
3 3,520 
13,200 32,500 
344 1,150 
1,870 41 
5,430 136 
23,600 32,800 
4 1,960 
1.380" 2,280 
813,000 


_705,000 


TABLE 5 
U.S. IMPORTS FOR CONSUMPTION OF POTASH, BY TYPE! 


РОТАЗН—2010 


Approximate Quantity | 
average K,O (metric tons) Value 
equivalent content Gross КО (thousands) 
(percentage) weight equivalent? ^ Customs Сл? 
Potassium chloride? 61 3,510,000 2,140,000 $1,610,000 $1 ,630,000 
Potassium sulfate 51 87,600 44,700 63,700 65,900 
Potassium nitrate 45 73,900 "€ 33,200 ' 47,900" 48,500 ' 
Potassium sodium nitrate mixture = 14 658 _ 92 265 — 274 — 
Total XX 32,670,000 2,220,000 1,720,000" 1,750,000" 
2010: | 
Potassium chloride? 61 7,660,000 4,670,000 2,530,000 2,590,000 
Potassium sulfate m 5] 99,400 50,700 41,600 44,300 
Potassium nitrate 45 76,900 34,600 44,900 45,700 
Potassium sodium nitrate mixture 14 353 49 245 250 
Total | _ XX 7,840,000 4760000 2620000 2,680,000 


"Estimated. ‘Revised. XX Not applicable. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


*Cost, insurance, and freight. 


*Contains imports listed under Harmonized Tariff Schedule of the United States code 3104.10.0000. 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 
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TABLE 7 
MARKETABLE POTASH: WORLD PRODUCTION, BY COUNTRY? 


(Thousand metric tons of K,O equivalent) 


Country 2006 2007 2008 2009 2010* 
Belarus 4,605 4,972 4,968 2,485 5,250 
Brazil 403 424 383 453 453 
Canada 8,518 11,085 10,379 4,297 9,788 ? 
Chile 496 515 559 691" 800 
China* 1,800 2,600 2,750 3,000 3,200 
Germany 3,625 3,637 3,280 1,825 ! 3,000 
Israel 2,187 2,182 2,170 1,900 ' 1,960 
Jordan 1,036 1,096 1,223 683 1,200 
Russia* 5,740 ' 6,430 ' 5,990 ' 3,730 ' 6,280 
Spain" 435 ? 435 435 400 ' 415 
Ukraine 7 -.TI --' -- T -- 
United Kingdom 420 427 427 * 427 * 427 
United States‘ 1,100 1,100 1,100 720 930 3 
Total 30,400 34,900 ' 33,700 ' 20,600 ' 33,700 
-а ЮЖ 3990. 55/00 20,600! 33,700 Á 


"Estimated. 'Revised. -- Zero. 

World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not 
add to totals shown. 

"Table includes data available through May 12, 2011. 

Reported figure. 

‘Rounded to по more two significant digits. 


POTASH—2010 - 58.9 


ӘНЕ ООО 


PUMICE AND PUMICITE 
By Robert D. Crangle, Jr. 


Domestic survey data and tables were prepared by Paula R. Neely, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator, 


In 2010, U.S. pumice and pumicite production was 390,000 
metric tons (t). This was a decrease of 5% compared with 
that of 2009, when the United States produced 410,000 t. The 
overall value of pumice production in 2010 was $7.81 million, 

a decrease of 37% from that in 2009. The observed decrease in 
total production, and particularly in value, came as a result of 
the stagnant U.S. housing and construction industries, where 
pumice is used in building blocks, concrete, and landscaping. 
The apparent consumption of pumice and pumicite in the United 
States in 2010 was 411,000 t, a decrease of 3% compared with 
that of 2009. Imports increased by 35% to 34,000 t. Exports 

of 13,000 t represented an increase of approximately 19% 
compared with 11,000 t of exported pumice and pumicite in 
2009 (table 1). Pumice imports and exports represent relatively 
small amounts of U.S. apparent consumption and are subject to 
large annual fluctuations in terms of percentage. 

Pumice is an extrusive igneous volcanic rock formed through 
the cooling of air-pocketed lava, which results in a highly 
porous, low-density rock (Presley, 2006). The low density allows 
some pumice to float on water. Large pumice гай, а unique 
geologic phenomenon, have been documented to be as long as 30 
kilometers (km) and to drift for several years in oceanic waters 
(Wood-Jones, 1910, p. 290—291; Bryan and others, 2004, p. 136). 
Pumicite is defined as grains, flakes, threads, and (or) shards of 
volcanic glass finer than 4 millimeters in diameter (Harben and 
Bates, 1984, p. 64). Pumicite and volcanic ash are descriptive 
terms that are often interchangeably used. 

The porous, lightweight properties of pumice are well suited 
for its main use as an aggregate in lightweight building blocks 
and assorted building products. In 2010, other major applications 
Included abrasives, horticulture (including landscaping), and 
Stonewashing of denim. Minor applications incorporated the 
use of pumice as an absorbent, as a concrete aggregate and 
admixture, as a filter aid, and as a traction enhancer for tires. A 
small percentage of pumice was used in abrasive-type products, 
Including pencil erasers, a polishing agent for circuit boards and 
television monitors, an exfoliant in cosmetics, and a variety of 
heavy-duty hand cleaners. Imports were primarily used as raw 
material for blocks and as a lightweight aggregate. 


Production 


Domestic production data for pumice and pumicite were 
developed by the U.S. Geological Survey (USGS) from an annual 
Voluntary review of U.S. pumice- and pumicite-producing sites and 
company operations. The canvass for 2010 included 11 companies 
with 14 active operations that produced, used, or sold pumice and 
Puricite in the United States. Ten of the 11 companies responded 
to the canvass. Data from the single nonrespondent producer was 
estimated from reported prior-year information adjusted to current 
employment and consumption trends, coupled with Mine Safety 
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and Health Administration employment records. Data were rounded 
to no more than three significant digits. All percentages in this 
report were computed based on unrounded data. 

U.S. pumice and pumicite production of 390,000 t was valued 
at $7.81 million. States that produced pumice and pumicite, in 
order of decreasing production, were Nevada, Oregon, Idaho, 
Arizona, California, New Mexico, and Kansas. 

Pumice is usually extracted by simple open pit methods 
using rippers, bulldozers, and front-end loaders. Processing 
is typically limited to drying, crushing, and screening, 
although some abrasive grades may require fine grinding and 
classification. Pumice blocks may be sawn into a variety of 
shapes and sizes. 


Consumption 


In 2010, more than 270,000 t, or 69% of the pumice and 
pumicite produced in the United States, was used for building 
and decorative blocks (table 2). This was a 13% increase from 
that of 2009. Pumice used for horticultural and landscaping 
purposes in 2010 decreased by 41% to 60,000 t from the 2009 
reported total of 101,000 t. Horticultural and landscaping 
applications accounted for 15% of total consumption in 2010. 
Pumice and pumicite for concrete admixture and aggregate 
decreased by 41% to 16,000 t in 2010 from 28,000 t in 2009 
and accounted for 4% of consumption. Pumice used as an 
abrasive in 2010 increased by 181% to a total of 23,000 t, which 
accounted for 6% of consumption. The large increase in 2010 
was a result of changes in relatively small tonnages, which 
are subject to large annual variations. The amount of pumice 
reported sold or used by several low-volume markets or for 
unreported uses grouped in the “other” category decreased by 
39% to 20,000 t in 2010 from 34,000 t in 2009 and accounted 
for 5% of consumption. “Other” uses nominally included 
absorbent (including pet litter), cosmetics, diluents, engineered 
fill, filter aids, geotechnical aids, pottery clays, highway snow 
control, road construction, and other unspecified uses. There are 
several substitutes for pumice in agriculture, horticulture, as an 
aggregate, as a concrete additive, and other end products. 


Prices 


As a result of the small number of pumice producers, coupled 
with producer-specific end-use products, the average prices 
reported for pumice and pumicite in 2010 varied greatly by use 
compared with the average price for all uses in 2009. The overall 
average prices reported for all pumice and pumicite products 
decreased by 33% to $20.00 per metric ton in 2010 from $29.97 
per ton in 2009. The price change reflected the decreases in unit 
values of building block, concrete admixture and aggregate, 
and horticulture and landscaping products. The unit value of the 
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building block and decorative use category decreased by 48% to 
$12.05 per ton in 2010 from $23.13 per ton in 2009. This decrease 
in value was likely the result of an overall production increase 
coupled with a weaker market compared with that in 2009. The 
average price for pumice and pumicite used for horticultural and 
landscaping decreased by 52% to $14.11 per ton in 2010 from 
$29.57 per ton in 2009. The average price in 2010 for pumice and 
pumicite used in nonspecialty abrasive applications was $10.25 per 
ton, an increase of 994 from the reported amount of $9.38 per ton in 
2009. For concrete admixture and aggregates, $29.12 per ton was 
reported for 2010, a decrease of 3% from the 2009 value of $29.93 
per ton. For other uses, the 2010 unit value of $146.36 per ton was 
72% more than the $84.97 unit value reported in 2009 (table-2). 


Foreign Trade 


Export and import data presented here, which are from the 
U.S. Census Bureau, are of limited accuracy. This is a result 
of inconsistencies in producer reporting, coupled with a lack 
of detail for materials specified in the 2010 Harmonized Tariff 
Schedule of the United States (HTS), as issued by the U.S. 
International Trade Commission. The trade data were published 
under subheading 2513.10 of the HTS, described as applying 
to pumice stone. Industry sources, however, indicated that 
pumice may be included under the general heading 2513, which 
included corundum garnets and other natural abrasives. 

Exports of pumice, mostly specialty products, increased to 
approximately 13,000 t, with a value of $5.97 million in 2010, 
or about $456 per ton. This was an 18% decrease in tonnage 
from the 11,000 t valued at $5.1 million in 2009. Canada 
accounted for 29% of 2010 exports, followed by Hong Kong 
with 13%, China with 11%, Italy with 8%, and the United 
Kingdom with 7%. Small amounts of pumice and pumice 
products were exported to 62 other countries. 

Imports of crude or unmanufactured pumice and pumicite 
in 2010 increased by 34% to 35,000 t compared with 26,000 
t reported in 2009. By volume, most imports of pumice and 
pumicite were raw materials for blocks and lightweight 
aggregate in construction-related uses, with smaller amounts 
used in a range of abrasives and for stonewashing denim. 
Ninety-five percent of imported crude pumice came from 
Greece (table 3), which supplied 33,200 t of crude pumice to 
the United States in 2010 and remained the leading source of 
pumice imports. Pumice from Mexico totaled 1,300 t, or 494 of 
total imported pumice, in 2010. Sixteen other countries supplied 
small amounts of pumice and pumicite in 2010. 


World Review 


Pumice is used more extensively as a building material 
outside the United States, which helps to explain the large global 


A 


о 


production and sales of pumice. In Europe, basic home construction 
uses significantly less gypsum wallboard because stone and 
concrete are the preferred building materials. Prefabricated 
lightweight concrete walls are often produced and shipped to 
construction locations. Because of their lightweight, strength, 
and cementitious properties, pumice and pumicite perform well 
in European-style construction. In 201 0, Greece was the leading 
exporter of pumice to Asia, Europe, and the United States. 


Outlook 


U.S. consumption of pumice and pumicite in 2011 was 
expected to remain static compared with that of 2010, larpely 
owing to the status of the U.S. residential housing sector, a 
major user of pumice- and pumicite-related products, 
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) Ший М. SALIENT PUMICE AND PUMICITE STATISTICS! 

про | |! : 

б hah (Thousand metric tons and thousand dollars unless otherwise specified) 
eal ize 


| 2006 2007 2008 2009 2010 
MIC United States: | 


Ак Sold and used Бу producers: 


Quantity 1,540 1,270 791 410 390 
Value? 44,300 28,900 15,900 12,300 7,810 
{puna Average value dollars per metric ton 28.85 22.85 20.13 29.97 20.00 
libi Exports’ 18 9 15 11 13 
etl its: Imports for consumption? 109 37 65 26 35 
elt ris Apparent consumption’ 1,630 1,290 841 425 412 
World, production, pumice and related 
volcanic materials 19,900 ' 20,700 18,400 € 17,800 € 17,300 * 
"Estimated. 'Revised. 
Nlis "Data are rounded to no more than three si gnificant digits, except average value. 
WARE ?Free on board mine and (or) mill. 
и "Source: U.S. Census Bureau. 


" e "Production plus imports minus exports plus adjustments for Government and industry stock changes. 
Үй кг; 
ati it t 
Teh. bes 
for oe 
hie ass 
cr 
tu TABLE 2 
fale! 
a PUMICE AND PUMICITE SOLD AND USED BY PRODUCERS IN THE UNITED STATES, BY USE 
p ме „о 
Quantity Average Quantity Average 
(thousand Value unit (thousand Value unit 
wli: Use metric tons) (thousands) value metric tons) (thousands) value 
———. 998 Hetricetons) (thousands) value metric tons) — (thousands) 
| Abrasives? 8 $78 $9.38 23 $239 $10.25 
>. азва СЕ 
lt Building block, includes decorative block 239 5,540 23.13 270 3,260 12.05 
в DOCK, includes decorative block | 
Concrete admixture and aggregate 28 826 29.93 16 476 29.12 
—_^ admixture and арртеваіе 
Horticulture and landscaping 101 2,980 29.57 60 842 14.11 
LUI апа iandscapin. 
Other? 34 2,870 84.97 20 2,990 146.36 
о мэз И И | 
Total ог average 410 — 12,300 29.97 390 7,810 20.00 
p ‘Data are rounded to no more than three significant digits, except average unit value; may not add to totals shown. 
Қ” "Includes cleaning and scouring compounds. 
24 "Includes absorbent, diluents, fill, filter aids, laundries, pottery, and other unspecified uses. 
В 
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ТАВГЕ 3 


U.S. IMPORTS FOR CONSUMPTION OF PUMICE, 


Country 


2009: 


Austria 
China 
Germany 
Greece 
Italy 
Mexico 


Montserrat 


Poland 
Other 
Total 


2010: 


Austria 
China 
Germany 
Greece 
Iceland 
Japan 
Mexico 
Turkey 
Other 
Total 


-- Zero. 
!Data are rounded to no more than three significant digits; 
may not add to totals shown. 


21 осе than № unit. 


BY CLASS AND COUNTRY' 
Crude or Wholly or partly 
unmanufactured manufactured 
Quantity Value Quantity Value 


(metric tons) (thousands) (metric tons) (thousands) 


9 


21,000 


1,360 
3,600 


33,200 


28 


34,100 


Source: U.S. Census Bureau. 


(2) $11 
74 307 
68 70 
20 289 
Q) 3 
86 19 
6 98 

4 35 
258 832 
(2) 8 
54 278 
231 131 
41 569 
236 236 
35 37 
516 118 
19 19 
5 33 


1,140 1,430 
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TABLE 4 


1,2 
PUMICE AND RELATED MATERIALS: WORLD PRODUCTION, BY COUNTRY 


(Metric tons) 


Country? 2006 2007 2008 2009 2010" | 
Algeria, pozzolan 433,190 570,000 490,567 328,000 | 450,000 
Argentina, pumice 17,665 16,200 6,500 500 ТУАР 
Burkina Faso* 10,000 10,000 10,000 10,000 10,000 
Cameroon, pozzolan" 600,000 600,000 600,000 600,000 600,000 
Chile, pumice and pozzolan 1,423,144 1,135,771 1,063,176 919,249 ' 915,000 
Costa Rica" 8,000 Е gs Зи = 
Croatia, volcanic tuff 17,157 15,085 15,000 * 15,000 ° 15,000 
Dominica, pumice and volcanic ash* 100,000 100,000 100,000 100,000 100,000 
Ecuador: 
Pozzolan 700,007 582,560 580,000 "° 580,000 "€ 580,000 
Pumice i 8,730 153,500 100,000 7“ 100,000 © 100,000 
El Salvador, pozzolan* 223,000 223,000 223,000 200,000 NA 
Eritrea, pumice 1,072 55 60 * 60 * 60 
Ethiopia! 255,622 22,000 35,000 _ 58,000 ' 60,000 
France, pozzolan and lapilli" 272,000 250,000 276,000 276,000 276,000 
Greece: 
Pozzolan, Santorin earth 1,400,000 1,400,000 1,059,000 * 830,000 900,000 
Pumice 850,000 850,000 828,000 4 381,000 380,000 
Guadeloupe, pumice? 210,000 210,000 210,000 200,000 200,000 
Guatemala, pumice it 220,389 393,779! 394,955 400,000 
Honduras, pozzolan* 100,000 100,000 100,000 100,000 E 
Iceland: 
ECKEN 105,000 4 100,000 100,000 100,000 100,000 
Scoria 1,000 1,000 1,000 1,000 1,000 
Гап“ 1,400,000 1,500,000 1,500,000 1,500,000 1,500,000 
Italy: 
Pozzolan 4,000,000 4,000,000 3,000,000 3,000,000 3,000,000 
Pumice and pumiceous lapilli 20,000 20,000 20,000 20,000 20,000 
Jamaica, pozzolan 149,279 114,482 124,304 132,470 125,000 
Kosovo, volcanic tuff t a 45,005 ^? 58,788 "7 60,000 
Macedonia, volcanic tuff 60,000 * 80,910 103,476 113,064 113,000 
Martinique, pumice® 130,000 130,000 130,000 130,000 130,000 
Ney — 303,659 354,903 174,729 159,357 160,000 
Pumice | 1,917 1,912 2,063 2,064 2.100 
Volcanic tuff 17,590 16,490 17,570 18,830 20,000 
Saudi Arabia, pozzolan* 400,000 784,000 “ 810,000 800,000 800.000 
Serbia, volcanic tuff 100,000 100,000 100,000 100,000 GO ns 
оа, volcanic tuff 40,000 40,000 40,000 40,000 30:006 
Spi including Canary Islands* 600,000 600,000 600,000 600,000 Я 
Syria, volcanic tuff 650,000 810,000 901,000 * 957,639 * 950,000 
ae pozzolanic materials 129,295 184,070 260,403 ' 61,501! 70,0 00 
urkey 3,515,644 3,995,423 3,449,773 ' 4,322,543 ' 4,000,000 


Uganda, pozzolanic materials? 


See footnotes at end of table. 
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140,000 140,000 140,000 140,000 140,000 
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TABLE 4—Continued 
PUMICE AND RELATED MATERIALS: WORLD PRODUCTION, BY COUNTRY”? 


(Metric tons) 


Country" 2006 2007 2008 2009 2010° 
United States, pumice, sold and used by producers 1,540,000 1,270,000 791,000 410,000 390,000 * 
Grand total 19,900,000 ' 20,700,000 18,400,000 ' 17,800,000 ' 17,300,000 
Of which: 
Pumice 2,860,000 ' 2,950,000 2,560,000 ' 1,720,000 1,710,000 
Pozzolan 8,270,000 8,700,000 7,390,000 ' 6,770,000 ' 6,670,000 
Trass and scoria 1,000 1,000 1,000 1,000 1,000 
Volcanic tuff 885,000 1,060,000 1,220,000 ' 1,300,000 ' 1,300,000 
Unspecified 7,910,000 7,990,000 2222 7,230,000" 7,970,000 ' 7,640,000 


*Estimated. 'Revised. NA Not available. -- Zero. 
! World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


?Table includes data available through May 5, 2011. 
Jpumice and related materials also are produced in a number of other countries, including China, Japan, Mexico, and the Commonwealth of Independent States 


but available information is inadequate for the formulation of reliable estimates of output levels. 


^Reported figure. 
5Data are for year ending July 7 of that stated. 
6On February 17, 2008, the Kosovo Assembly declared independence from Serbia. Kosovo's data for 1999-2007 are not included in Serbian statistics. 


7Converted from reported data, in cubic meters, as follows: 2008—45,005 and 2009—S8, 788. 
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RARE EARTHS 


By Joseph Gambogi and Daniel J. Cordier 


“4”: Domestic survey data and tables were prepared by Martha L. Jackson, statistical assistant and the world production tables 


were prepared by Lisa D. Miller, international data coordinator. 


In 2010, world rare-earth production was primarily from 
the mineral bastnásite. Rare earths were not mined in the 
United States in 2010. Rare-earth ores were primarily mined 


- in China, with smaller amounts mined in India, Malaysia, and 


Brazil, listed in order of decreasing production. Processing of 
intermediate rare-earth concentrates took place at the Mountain 
Pass Mine in California. 

Domestic use of scandium remained small in 2010. Demand 
was primarily for aluminum alloys used in baseball and 
softball bats. Scandium alloys, compounds, and metals were 
used in analytical standards, metallurgical research, and sports 
equipment. Minor amounts of high-purity scandium were used 
in semiconductors and specialty lighting. 

Based on import data from the Port Import Export Reporting 
Service (PIERS) database of Commonwealth Business Media, 
Inc. (undated), domestic yttrium consumption increased by 
43% in 2010 compared with that of 2009. Yttrium was used 
primarily in linear fluorescent lamp and cathode-ray tube (CRT) 
phosphors; lesser amounts were used in structural ceramics and 
oxygen sensors. 

The rare earths are a moderately abundant group of 17 
elements comprising the 15 lanthanides, scandium, and yttrium. 
The elements range in crustal abundance from cerium, the 
25th most abundant element of the 78 common elements in 
the Earth's crust at 60 parts per million (ppm), to thulium and 
lutetium, the least abundant rare-earth elements (REE), at about 
0.5 ppm (Mason and Moore, 1982, p. 46). In rock-forming 
minerals, rare earths typically occur in compounds as trivalent 
cations in carbonates, oxides, phosphates, and silicates. 

The lanthanides (also referred to as lanthanoids) comprise a 
group of 15 elements with atomic numbers 57 through 71 that 
include the following in order of atomic number: lanthanum, 
cerium, praseodymium, neodymium, promethium, samarium, 
europium, gadolinium, terbium, dysprosium, holmium, erbium, 
thulium, ytterbium, and lutetium. At an average concentration 
in the Earth’s crust of 60 ppm, cerium is more abundant than 
copper, followed in decreasing order, by yttrium at 33 ppm, 
lanthanum at 30 ppm, and neodymium at 28 ppm. Thulium and 
lutetium, the least abundant of the lanthanides at 0.5 ppm, occur 
in the Earth’s crust in higher concentrations than antimony, 
bismuth, cadmium, and thallium. 

Rare earths can be classified as either light rare-earth elements 
(LREE) or heavy rare-earth elements (HREE). This division 
between the LREE include the lanthanide elements from 
atomic number 57 (lanthanum) through atomic number 64 
(gadolinium), and the HREE include the lanthanide elements 
2. number 65 (terbium) through atomic number 
ium). The division is based on the lanthanoid LREE 

aving unpaired electrons in the 4f electron shell, and HREE 
having paired electrons in the 4f electron shell. Gadolinium has 
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a very stable half-filled 4f electron shell with seven unpaired 
electrons. Proceeding with terbium and continuing along the 
series through lutetium, paired electrons are progressively added 
to the 4f electron shell for each respective element in the HREE 
lanthanoid series until there is a full complement of 14 electrons 
in the 4f electron shell of lutetium. The division between LREE 
and HREE lanthanoids falls between gadolinium and terbium. 
Yttrium is included as a HREE even though it is not part of the 
lanthanoid contraction series. 

Scandium (atomic number 21), a transition metal, is the 
lightest REE but it is not classified as one of the group of LREE 
nor one of the HREE. It is the 31st most abundant element in 
the Earth's crust, with an average crustal abundance of 22 ppm. 
Scandium is a soft, lightweight, silvery-white metal, similar in 
appearance and weight to aluminum. It is represented by the 
chemical symbol Sc and has one naturally occurring isotope. 
Although its occurrence in crustal rocks is greater than that 
of lead, mercury, and the precious metals, scandium rarely 
occurs in concentrated quantities because it does not selectively 
combine with the common ore-forming anions. 

Yttrium (atomic number 39), a transition metal, is chemically 
similar to the lanthanides and often occurs in the same minerals 
as a result of its similar ionic radius. Its atomic radius of 
104 picometers in the trivalent state places it in relative size 
between the ionic radii of holmium and erbium (104.1 and 
103, respectively). It is included as one of the HREE. It is 
represented by the chemical symbol Y and has one naturally 
occurring isotope. Yttrium is the second most abundant rare 
earth in the Earth's crust. Yttrium is a bright silvery metal that is 
soft and malleable, similar in density to titanium. 

The elemental forms of rare earths are iron gray to silvery 
lustrous metals that are typically soft, malleable, ductile, and 
usually reactive, especially at elevated temperatures or when 
finely divided. Melting points range from 798° C for cerium to 
1,663° С for lutetium. The unique properties of rare earths are 
used in a wide variety of applications. The principal economi 
ores of the rare earths are the minerals bastnásite loparite, a s 
monazite and the lateritic ion-adsorption clays (tab le 2) an 


Production 


In December 2010, Molycorp, Inc. resumed mining at it 
Mountain Pass operation and was preparing to md ii 
operations. During 2010, Molycorp produced more 1. e 
metric tons (t) of rare-earth materials from stockpiled fe 4 - 
А two-phase expansion plan was underway that would о 
capacity to 19,100 metric tons per year (yr) of rar RS 
oxides (REO) by yearend 2012 and 40,000 t/yr b ыы 
2013. In July, Molycorp became a publicly traded е 
Molycorp conducted additional drilling and же калы 3 

or 


in 2010 with a primary focus on in-fill drilling. The company 
planned additional drilling and exploration work in 2011. 
Proven reserves at Mountain Pass were estimated to be about 
40,000 t of REO and probable reserves to be about 962,000 t of 
REO (Molycorp, Inc., 2011, p. 35—39). 

Two companies processed intermediate rare-earth compounds 
to lanthanides in 2010. Grace Davison (a subsidiary of W.R. 
Grace & Co.) processed intermediate rare-earth compounds to 
produce cerium- and lanthanum-rich compounds used in making 
fluid-cracking catalysts for the petroleum refining industry. The 
company also processed zirconia-stabilized ceria compounds 
for supports for automotive catalysts, fluid catalytic cracking 
additives, and oxidation of organic compounds in wastewater, 
and produced several grades of Vitrox and Rareox cerium oxide 
polishing compounds. 

In April, Molycorp acquired Santoku America, Inc. 
(Molycorp, Inc., 2011, p. 7). Santoku America produced 
rare-earth metals and magnet alloys at its operations in Tolleson, 
AZ. Santoku America produced two types of alloys used in 
high-strength permanent magnets—neodymium-iron-boron 
(NIB) and samarium-cobalt (SmCo)—and was the sole domestic 
producer of NIB magnet alloys. The plant also produced a full 
range of high-purity rare-earth metals, including scandium and 
yttrium, in cast and distilled forms, as foils, and as sputtering 
targets. 

The only U.S. producer of rare-earth permanent magnets was 
Electron Energy Corp. (EEC) of Landisville, PA. EEC produced 
SmCo permanent magnets and designed and manufactured 
magnet assemblies, including actuators, Halbach arrays 
(magnetic field focusing assemblies), high-speed rotors, and 
other components. 

One U.S. scandium processor operated in 2010. 
Sigma-Aldrich Co. LLC in Urbana, IL, purified and processed 
imported oxides to produce high-purity scandium compounds, 
including anhydrous and hydrous chloride, fluoride, iodide, and 
oxide. The company also produced high-purity scandium metal. 
High-purity products were available in various grades, with 
scandium oxide having up to 99.999% purity. 

Boulder Scientific Co., another processor, had scandium 
facilities on standby at its Mead, CO, operation. Boulder 
Scientific previously refined scandium primarily from imported 
oxides and domestic ores to produce high-purity scandium 
compounds, including carbide, chloride, diboride, fluoride, 
hydride, nitride, oxalate, and tungstate. 

АН domestic, commercially produced, purified yttrium 
products were derived from imported compounds. The principal 
source was China. 

Owing to market conditions, several mineral exploration and 
development projects were underway. Drilling and prefeasibility 
studies were underway in Alaska, Nebraska, and Wyoming. 

In May, Rare Element Resources Ltd. increased the resource 
estimate for its Bear Lodge project in Wyoming by 5096. The 
new resource estimate for REO contained in the Bull Hill area of 
the project was 549,000 t with a 1.5% REO cutoff grade (Rare 
Element Resources Ltd., 2010b). In November, the company 
completed a scoping study on its Bear Lodge project. Based on 
the results of the scoping study, the company planned to begin 
prefeasibility studies to update the mineral resource estimate 
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and begin more detailed metallurgical testing and engineering 
studies in 2011 (Rare Element Resources Ltd., 20104). 

Quantum Rare Earth Developments Corp. acquired the Elk 
Creek niobium-rare earth project in southeastern Nebraska. The 
Elk Creek property contains an intrusive carbonatite complex 
containing niobium and rare-earth elements. In 2010, Quantum 
began an exploration program of the property including a 
review of the historic exploration of the property during the _ 
1970s and 1980s (Quantum Rare Earth Developments Corp., 
2010). 

In Alaska, Ucore Rare Metals Inc. conducted a drilling 
program at its Bokan Mountain-Dodson property to confirm 
previous drilling results and to examine mineralization at greater 
depth. A National Instrument (NI) 43-101-compliant resource 
estimate was expected to be completed in 2011 (Ucore Rare 
Metals Inc., 2010). 


Consumption 


Data on domestic rare-earth consumption were developed by 
surveying various processors and manufacturers and evaluating 
import and export data. Domestic apparent consumption of rare 
earths was not calculated in 2010 because data were withheld to 
avoid disclosing company proprietary data. 

In 2010, yttrium consumption was estimated to have increased 
to 670 t from 468 t in 2009. Yttrium information was based on 
data retrieved from the PIERS database. The leading source of 
yttrium compounds and metal in 2010 was China (84%). The 
estimated use of yttrium, based on imports, was primarily in 
fluorescent lamp and CRT phosphors, ceramics, and specialty 
alloys, with a minor amount for metal casting. 


Prices 


China's actions to restrict exports of REO through quotas and 
taxes caused prices of rare-earth products to rise significantly 
The prices of most rare-earth materials, provided by Rhodia 
Inc., were higher or the same in 2010 compared with those of 
2009 (table 3). On average, REO prices increased by 29% from 
those in 2009. Scandium oxide prices were slightly higher than 


those in 2009. | Ds 
The average yearend rare-earth metal prices from m - Ы 
Ltd. increased more than 200% in 2010 compared with thos 


in 2009. Lanthanum metal (used in nickel-metal hydride 
metal and in iron a? 


batteries) and cerium metal (used in miscl | емі 
steelmaking) increased by more than five times to $ n 
$51.50 per kilogram. Prices for neodymium ($114 me 
and dysprosium ($400 per kilogram), used in pa шірігі 
magnets, increased by 285% and 171%, respectively, 
with those in 2009. 

Prices for scandium metal іп ingot form wert 


$158,000 per kilogram. 


unchanged а! 
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gross-weight basis, ferrocerium was the largest export category, 
accounting for 4896 of the total exports (table 4). 

U.S. rare earth imports totaled 16,200 t valued at $189 
million, approximately an 896 increase in quantity and a 
67% increase in value compared with those of 2009. China 
dominated the import market, especially for mixed and 
individual rare-earth compounds, except for the category 
of ferrocerium and other pyrophoric alloys, where France 
dominated. In decreasing order of import quantity, the leading 
supply countries were China, France, and Japan. These three 
countries accounted for 9496 of the domestic imports. 


World Review 


Australia.—In New South Wales, Alkane Resources Ltd. 
continued to develop its Dubbo Zirconia project with planned 
production of hafnium, niobium, rare earths, tantalum, and 
zirconium products. In 2010, Alkane Resources continued to 
optimize separation technologies using a demonstration pilot 
plant at ANSTO Minerals laboratories near Sydney. A definitive 
feasibility study based on a potential production of 4,610 t/yr of 
rare-earth oxides was underway. At yearend, measured resources 
of REO were 54.9 million metric tons. Production was not 
expected to begin until 2014 (Alkane Resources Ltd., 2011). 

Aurafura Resources Ltd. continued to develop its Nolans Bore 
mining and beneficiation project in the Northern Territory and 
its Whayalla processing operation in South Australia. In 2010, 
Aurafura began a bankable feasibility study and conducted 
environment and technology demonstration studies for the 
mine and processing operations. The bankable feasibility study 
was expected to be completed in 2011, and initial production 
targeted for 2013. The Whyalla operation was expected to reach 
We po of 20,000 t/yr of REO by 2014 (Ward, 2010, 

р. 17). 

In Western Australia, engineering and construction of a 
mineral concentration plant at Lynas Corp. Ltd.’s Mount Weld 
deposit was 8096 complete, and an 18-month stockpile of 
crushed ore to feed the plant was in place at yearend. Production 
of concentrate for Lynas Corp.'s Malaysian REO processing 
operation was scheduled to begin in 2011 (Lynas Corp. Ltd., 
2011, p. 2). 

Canada.—1n the Northwest Territories, Avalon Rare 
Metals Inc. completed а prefeasibility study on its Thor Lake 
(Nechalco) project in June. The study was based on an initial 
production output of 5,000 t/yr of REO and probable mineral 
reserves of 204,000 t REO (Avalon Rare Metals Inc., 2010b). 

In September, Avalon announced it had completed a NI 43-101 
resource update on the Nechalco deposit. The indicated resource 
was 359,000 t of REO (Avalon Rare Metals Inc., 2010а). 
| In Quebec, Matamec Explorations Inc. continued drilling 
15 Kipawa deposit and had SGS Geostat Inc. complete a NI 
43-101 гезоигсе estimate. The resource was considered under 
two зсепапоз—а5 a resource of rare earths and yttrium with 
о аз а byproduct, and as a resource of zirconium with 
| е earths and yttrium as a byproduct. SGS Geostat estimated 
| at the indicated resources included up to 30,200 t of REO. In 
2. Matamec announced that it had contracted Roche 
td. to assist in the development of NI 43—101-compliant 
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preliminary economic assessment (Matamec Explorations Inc., 
2011, p. 11-14). 

In Quebec and Newfoundland and Labrador, Quest Rare 
Minerals Ltd. continued exploration drilling and completed 
preliminary resource and economic assessments on its 
Strange Lake property in September. From the assessments, 
the company determined that the deposit warranted further 
investigation and development. The operation could produce 
more than 22,600 t/yr of REO concentrate. Feasibility studies 
were scheduled to begin in 2011 (Quest Rare Minerals Ltd., 
2010). 

China.—China continued to dominate the supply of REE, 
accounting for 9796 of global mine production. Mine production 
was primarily from bastnásite and other rare-earth minerals in 
Inner Mongolia-Autonomous Region and Sichuan Province and 
from ion adsorption ore in the southeastern Provinces of Fujian, 
Guangdong, and Jiangxi (Grauch and Mariano, 2008). 

Citing domestic requirements and environmental concerns, 
China restricted supply of REE through export quotas and 
taxes. China's Ministry of Land and Resources set a production 
quota for rare-earth concentrate at 89,200 t of contained REO. 
According to figures from the China Rare Earth Society, 
however, production was actually about 130,000 t (Reuters, 
2011). The Ministry of Industry and Information Technology 
announced that the 2011 production quota for rare-earth. 
separated products would be 90,400 t. Provincial governments 
were responsible for managing their allocated quotas and 
assigning the output quota to individual mining companies 
(Ministry of Industry and Information Technology of the 
People's Republic of China, 2010). 

The Ministry of Finance and the Administration of Taxation 
announced that the resource tax on bastnasite and monazite 
would be taxed at 60 yuan per metric ton and that middle and 
heavy rare earths would be taxed at a rate of 30 yuan per metric 
ton beginning on April 1, 2011 (Ministry of Finance of the 
People's Republic of China, 2010, p. 301). 

The autonomous government of Inner Mongolia granted 
Baotou Rare Earth Co. (Baotou), China's leading REO producer 
authority to build a stockpile of rare-earth products and to | 
build facilities to store 200,000 t of REO. In 2009, Baotou 
REO production was estimated to be about 55,000 t, but the 
regional government limited the company's sales to 50 000 t 
in 2010. Any production in 2010 beyond the 50,000 t limit 
was assumed to be incorporated into the stockpile (Reuters 
2010). Baotou moved to expand its rare-earth interest in | 
southern China by investing 232 million yuan ($34.3 milli 
in three REE companies in Jiangxi Province. In Ареа B — 
announced plans to acquire 48% interest in Xinfeng Xi | li nm 
Earths Co., Ltd., 49% interest in a joint ventur do 
Jinghuan Technology Co., Ltd., and 9 25% i қ ee Quannan 

э 140., :43/ interest in Ganzho 
Chenguang Rare Earths Co., Ltd. (China Daily 2010) à 
Estonia.—Molycorp acquired a 90% interest in Akt "T 
Silmet, one of two rare-earth processing facilities į 2. 
The acquisition doubled Mol ! Ре 
усогр s REO prod : 
to 6,000 t/yr and gave the com зав m capacity 
dide pany the ability to produce 
pom metal (Molycorp, Inc., 2011, p. 7) 

ndia.—Toyota Tsusho Corp. and its Indian subsidia 

(Toyotsu Rare Earths Orissa Pvt. Ltd.) were promoting а plan 
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to construct a REO processing plant in Orissa. The plan called 
for 3,000 to 4,000 t/yr of REO derived from monazite produced 
at Indian Rare Earth Ltd.’s heavy-mineral sands operation. In 
October, Government officials from India and J apan agreed to 
collaborate on the development and reuse of rare-earth materials 
(Toyota Tsusho Corp., 2010). 

Japan.—Japan Oil, Gas and Metals National Corp. 
(JOGMEC) entered into an agreement with Midland Exploration 
Inc. for rare-earths development near the Quest Rare Minerals 
Ltd.’s Strange Lake project in the Ytterby region of Canada. 
Under the agreement, JOGMEC would earn a 50% interest 
in the project by spending CAD$2.7 million during 3 years. 
JOGMEC could take products in proportion to the interest and 
have the right of first refusal on the other party’s share of the 
products (Japan Oil, Gas and Metals National Corp., 2010). 

Malaysia.—Lynas Corp. neared completion of its advanced 
materials processing plant near Kuantan with an initial capacity 
of 11,000 t/yr of REO. A second phase of construction was 
scheduled to be completed in 2012 that would double REO 
production capacity (Lynas Corp. Ltd., 2011, p. 2). 

South Africa.— Great Western Minerals Group Ltd. 
(GWMG) was moving ahead with a project to recommission the 
abandoned Steenkampskraal mine in the Western Cape owned 
by Steenkampskraal Monazite Mine Ltd. In June, GWMG 
appointed SRK Engineers and Scientists of J ohannesburg to 
complete a feasibility study on the project and, in August, 
agreed to purchase all of the rare-earth materials produced by 
the mine for a 10-year period. At yearend, GWMG held interest 
in the Steenkampskraal mine and in six REE properties in North 
America (Great Western Minerals Group Ltd., 2011). 

United Kingdom.—GWMG planned to increase rare-earth 
metals processing capacity at its subsidiary, Less Common | 
Metals Ltd. (LCM). A new furnace at its Hooton Park operation, 
Birkenhead, was expected to increase LCM's processing | 
capacity by approximately 5096, and was scheduled to be in 
production by the third quarter of 201 1. The new furnace was 
designed to provide NdFeB alloys for sintered magnets (Great 
Western Minerals Group Ltd., 2010). 

Vietnam.—The Dong Pao Mine in the northern part of 
Vietnam has large resources of rare earths. The ownership 
included six Vietnamese companies. VIMICO (Vietnam 
National Minerals) and VINACOMIN (Vietnam National 
Coal-Mineral Industries Group) jointly held 55% of the shares. 
The mining rights were owned by LARESCO and Lai Chau 
Rare Earth in a joint venture. Two other Japanese companies— 
Toyota Tsusho and Sojitz—also held an interest in the Dong Pao 
Mine (Roskill’s Letters from Japan, 2010). 


Outlook 


Rare-earth use in automotive pollution control catalysts, 
permanent magnets, and rechargeable batteries 1s expected 
to continue to rise as future global demand for conventional 
and hybrid automobiles, computers, electronics, and portable | 
equipment increases. Rare-earth markets are expected to require 
greater amounts of higher purity mixed and separated products 
to meet the demand. Demand for cerium and neodymium for use 
in automotive catalytic converters and catalysts for petroleum 
refining is expected to trend with refinery and automotive 
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production. REE magnet production was projected to increase 
to 150,000 t by 2014 from 92,000 t in 2011. Future growth 
was expected for rare earths in rechargeable NiMH batteries, 
especially those used in hybrid vehicles, increasing to 62,000 
t REO by 2014 (BCC Research, 2010). ММН demand was 
also expected to increase (moderated by increasing demand for 
lithium-ion batteries), with increased use in portable electronic 
equipment. Increased rare-earth use was expected in fiber optics, 
medical applications that include dental and surgical lasers, 
magnetic resonance imaging, medical contrast agents, medical 
isotopes, and positron emission tomography scintillation 
detectors. 

Although the rare earth content of world reserves is greater 
than cumulative world consumption expected well into the 
21st century, current annual production is less than current 
world consumption; there are shortages for neodymium and 
dysprosium for magnet alloys and europium and terbium 
for phosphors. Companies are working to develop rare-earth 
deposits in Australia, Canada, Greenland, South Africa, and the 
United States. 

All domestic and most foreign companies have currently 
shifted away from using naturally occurring radioactive 
rare-earth ores. This trend has had a negative impact on 
monazite-containing mineral sands operations worldwide, 
causing mine closures and reduced revenues. Long-term demand 
for monazite, however, is expected to increase because of the 
mineral’s abundant supply and low-cost byproduct recovery. 
Thorium’s use as a nonproliferative nuclear fuel is considered 
a likely substitute for uranium in the future. If consumption of 
thorium increases, monazite could resume its role as a major 
source of rare earths. Storage requirements and permits to 
dispose of radioactive waste products in the United States are 
expensive; however, severely limiting domestic use of low-cost 
monazite and other thorium-bearing rare-earth ores. 

China was expected to remain a major world rare-earth = 
supplier. Increasing prices, export limits, rising demand within 
China, and a ban on new mining permits in China were expected 
to make rare-earth deposits outside of China more economic. 
Economic growth in several developing countries could provide 
new and potentially large markets for rare earths in eastern 
Europe, India, and southeastern Asia. | | 

The long-term outlook appears to be for an increasingly 
competitive and diverse group of rare-earth suppliers. As 
research and technology continue to advance the knowledge 
of rare earths and their interactions with other elements, 
the economic base of the rare-earth industry is expected to * 
continue to increase. New applications are expected to contin 
to be discovered and developed, especially in areas shana 
considered essential, such as energy and defense. 
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TABLE 1 
SALIENT U.S. RARE EARTH STATISTICS! 


eee 


| 2006 2007 2008 2009 2010 
Production of rare-earth concentrates, rare-earth oxide (REO) basis“ metric tons -- ee ee ee 
 Ceriumcompounds цы do. 2,010 1,470 1,380 840 1,350 
Ferrocerium and pyrophoric alloys do. 3,710 3,210 4,490 2,970 3,460 
Rare-earth compounds, organic or inorganic do. 2,700 1,300 663 | 455 1,690 
Rare-earth metals, scandium, yttrium do. 611 1,470 1390 4930 138 
Imports for consumption, REO basis: | 
Cerium compounds do. 2,590 2,680 2080 1,500 1,770 
Ferrocerium and pyrophoric alloys do. 127 123 125 102 131 
> Mixtures of rare-earth chlorides except cerium chloride | do. 2,750 1,610 1,310 411 —— 95 
Mixtures of REOs except cerium oxide do. 1,580 2,570 2,400 4,750 5.480 
Rare-earth compounds, oxides, hydroxides, nitrates, 
other compounds except chlorides do. 10,600 9,900 8,820 5,080" 3,980 
7 Rare-earth metals, whether intermixed or alloyed во 867 784 679 226 55 
— Yttrium compounds | Е do. 168 21 10 7 73 
Prices, yearend: 
— Bastnäsite concentrate, REO basis dollars per kilogram 6.06 6.61 8827 — 57 681 
ЕИ Р ЕИ до. 5.00-6.00 7.00-8.00 8.00-9.00" 8.00-9.00" 45.00-55.00 
‘Estimated. "Revised. do. Ditto. -- Zero. 
!Data are rounded to no more than three significant digits. 
2соигсе: HEFA Rare Earths Canada Со. Ltd., Vancouver, British Columbia, Canada. 
ook —20!0 
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TABLE 2 
1.2 
RARE EARTH CONTENTS OF MAJOR AND POTENTIAL SOURCE MINERALS 


№ (Percentage of total rare-earth oxide) 
| аас a ES 
— Е. КСРО Monazite "E 
Mountain Pass, Bayan Obo, Inner | North Саре, North Stradbroke Island, Green Cove Springs, Nangang, 
= Rare earth CA, United States” Mongolia, China’ Western Australia ^ Queensland, Australia’ FL, United States’ Guangdong, China 
—— Yttrium 0.10 trace ` 240 2.50 3.20 2.40 
E. aa 7 7 33.20 23.00 23.90 21.50 17.50 23.00 
"m Cerium 49.10 50.00 46.00 45.80 43.70 42.70 
Praseodymium 4.34 6.20 5.00 5.30 5.00 4.10 
Neodymium 777 12.00 18.50 17.40 18.60 17.50 17.00 
Ш Samarium 7 0.8 0.8 2.53 3.10 4.90 3.00 
ПЕ Europium 0.1 0.2 0.053 0.8 0.16 0.1 
№ : Gadolinium i 02 0.7 1.49 1.80 6.60 2.00 
erbium trace 0.1 0.035 0.3 0.26 0.7 
№: Dysprosium | trace 0.1 0.7 0.60 0.9 0.8 
m Holmium | trace trace 0.053 0.1 0.11 0.12 
ЕН Erbium trace trace 0.2 0.2 trace 0.3 
Е Thulium trace trace trace trace trace trace 
йз Үшінші 7 асе trace 0.1 0.1 021 240 
2 Lutetium trace trace trace 0.01 trace 0.14 
a Total 100 100 100 100 100 100 
W i ин Инка |^ — . Xenotime | Rare earth laterite B 
Е Eastern coast, Mount Weld, Е Lahat, Perak, Southeast, Guangdong Xunwu, Jiangxi Longnan, Jiangxi 
__ Brazil? Australia? Malaysia? Province, China’! Province, China" Province, China"? 
Lc MEN 1.40 trace 61.00 59.30 с 80 — 6500 
Lanthanum 24.00 26.00 1.24 1.20 434 1.82 
Cerium 47.00 51.00 3.13 3.00 2.40 0.4 
Praseodymium о 4.50 4.00 0.5 0.6 9.00 07 
Neodymium 000 18.50 15.00 1.60 3.50 31.70 bo 
Samaium 0-2 3.00 1.80 1.10 2.20 3.90 2.80 
Europium с 0.1 0.4 trace 0.2 0.5 0.10 
Gadolinium — 1.00 1.00 3.50 5.00 3.00 6.90 
Terbium č 0.1 0.1 0.9 1.20 trace 1.30 
Dysprosium | | 0.4 0.2 8.30 9.10 trace 6.70 
OMIM pesce: trace 0.1 2.00 2.60 trace 1.60 
Erbium mu 0.1 0.2 6.40 5.60 trace 4.90 
Thulium —— trace trace 1.10 1.30 ER | 
Ytterbi 0.7 
Үейші/ 0-02 0.02 0.1 6.80 6.00 03 
Lutetium | i not determined | trace и 1.00 1.80 01 d 
Teo о 7 100 100 100 МТ ie 
Data are rounded to no more than three significant digits; may not add to totals shown. OPEL IT M 


"Rare earths are listed in order of atomic number. 
*Johnson, G.W., and Sisneros, T.E., 1981, Analysis of rare-earth elements in ore concentrate samples using direct current plasma spectrome 

of the 15th Rare Earth Research Conference, Rolla, MO, June 15-1 8, 1981: New York, NY, Plenum Press, v. 3, p. 525—529. Ба. 
Zang Zhang Bao, Lu Ke Yi, King Kue Chu, Wei Wei Cheng, and Wang Wen Cheng, 1982, Rare-earth industry in China: Hy 
и Sands Ltd., 1979, Product specifications, effective January 1980: Capel, Australia, Westralian Sands Ltd. broch 
Analysis from Consolidated Rutile Ltd. 


7 А 
Analysis from RGC Minerals (USA), Green Cove Springs, FL. 


8. 
Xi, Zhang, 1986, The present status of Nd-Fe-B magnets in China— Proceedings of the Impact of Neodymium-Iron 
Users and Producers Conference, Clearwater, FL, March 2-4, 1986: Clearwater, FL, Gorham International Inc., 5 p. 


drometallurgy, V. 9, no. 2, p. 205-210 
ure, 8 p. | 


-Boron Materials on Permanent Magnet 


9 
Krumholz, Pavel, 1991, Brazilian practice for monazite treatment: Symposium on Rare Metals, Sendai, Japan, December 12 13, 1991, p 
| -13, > *Toceedings, р. 78-82 
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TABLE 2—Continued 
RARE EARTH CONTENTS OF MAJOR AND POTENTIAL SOURCE MINERALS! ? 


0... 
Kingsnorth, Dudl j 
: à u ey, 1992, Кош Weld—A new source of light rare earths—Proceedings of the TMS and Australasian Institute of Mining and Metallurgy 
ymposium, San Diego, CA, March 1—5, 1992: Sydney, Australia, Lynas Gold NL, 8 p. 


11 
Nakamura, Shigeo, 1988, China and rare metals—Rare earth: Industrial Rare Metals, по. 94, May, p. 23-28. 


P2 yi 
langxi Province, 1985, Introduction to Jiangxi rare-earths and applied products: Jiangxi Province, China, Jiangxi Province brochure, 42 p. 


TABLE 3 
RARE-EARTH OXIDE PRICES IN 2010*'! 


Standard package Price 


Purity quantity (dollars per 
Product (oxide) (percentage) (kilograms) kilogram) 
Scandium 9999 МА 3,0000 ` 
Yttrium 99.99 |. 20 . 5000 
Lanthanum 99.99 | 20 3800 
Cerium 96.00 || 20 30.00 
Do. 99.50 | 20 МА 
Praseodymium 96.00 |. 20 6000 
Neodymium 95.00 20 63.00 
Samarium 99.90 20 175.00 
Do. 99.99 220 NA 
Europium | _ 99.99 20 1,400.00 
Gadolinium | ЕСІ 22220 165.00 
Terbium ЕСІ © 20 1,40000 
Dysprosium 99.00 20 310.00 
Holmium | 9990 10 750.00 
Erbium | 96.00 — 20 165.00 
Thulium | | 9990 . 5 150000 
Ytterbium 99.00 — (10 375.00 
Lutetium | 99.99 lorlo 2,200.00 


*Estimated. Do. Ditto. МА Not available. 
'Rare earths are listed in order of atomic number. 


Source: Rhodia, Inc. 


ooK—2010 
U.S. GEOLOGICAL SURVEY MINERALS YEARB 


60.8 


Е 
ad lg 


Cerium compounds (2846.10.0000): 
Australia 


Austria 
Belgium 
Brazil 
Canada 


China 


France 
Germany 


Hong Kong 


| 
U.S. EXPORTS OF RARE EARTHS, ВУ COUNTRY 


Category? and country 


А À À— —— — — 
—M—— —Ó 
—————— 


Korea, Republic of 


Mexico 


Netherlands 
Singapore 


——————— ———ÓM——ÓM—M—Ó—M—— 


TABLE 4 


Total estimated equivalent rare-earth oxide (REO) content 
Ferrocerium and other pyrophoric alloys (3606.90.0000): 


Argentina 


Australia 


| Нопр Копр 


Se —— — ——————————— 
—— 


Israel 


um a a €À 


Korea, Republic of 


Mexico 


Netherlands 
New Zealand 


_— MÀ 


Saudi Arabia 


Singapore 


Tatwan 


a a ig tt ве сз, ита 


United Arab Emirates 


. United Kingdom 


Other 


Total 


Total estimated equivalent REO content 
eius ee ee ee ee 


See footnotes at end of table. 


RARE EARTHS—2010 


Se 


2009 2010 
Gross weight Gross weight 
(kilograms) Value (kilograms) Value 

1,920 $13,300 9 $8,060 
43,800 437,000 122,000 1,530,000 
1,800 21,800 5,000 5,000 
11,400 95,900 7,900 133,000 
15,300 151,000 25,300 284,000 
72,800 878,000 255,000 2,110,000 
3,950 47,200 95,300 412,000 
94,800 731,000 124,000 1,110,000 
3,930 128,000 18,100 446,000 
60,600 402,000 15,700 159,000 
114,000 1,320,000 180,000 3,170,000 
15,800 79,400 25,900 214,000 
192,000 800,000 241,000 1,420,000 
43,300 241,000 64,500 364,000 
10,100 64,600 181 9,500 
7,340 96,700 8,490 156,000 
14,200 99,500 14,400 737,000 
133,000 2,430,000 151,000 2,080,000 
_ 340000 8,030,000 1,350,000 14,300,000 
840,000 XX 1,350,000 XX 
29,100 162,000 143 4,920 
19,100 984,000 12,700 2,750,000 
494,000 1,620,000 513,000 2,040,000 
169,000 1,960,000 100,000 789,000 
451 77,700 1,260 102,000 
66,300 1,170,000 35,400 183,000 
342 14,200 7,760 176,000 
888 274,000 639 42,200 
26,100 306,000 9,450 305,000 
75 3,230 1,210 10,700 
17,200 461,000 17,100 504,000 
4,240 255,000 1,380 73,100 
1,890,000 4,200,000 2,300,000 4,840,000 
33,100 171,000 229,000 1,180,000 
ss -- 16,700 55,600 
1,020 33,700 268 $300 
477 14,500 1,280 40,300 
10 5,970 408 13,200 
1,680 32,100 Е _ 
296,000 14,000,000 168,000 4,790,000 
VUA 22900) 41800 112000 
3,350,000 —— 28,000,000 3900000 " 9000006 
2,970,000 XX^ 3469000 000 
ССЭ О хх 
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TABLE 4—Continued 


U.S. EXPORTS OF RARE EARTHS, BY COUNTRY! 


— c A шшш э ы es ELE 


2009 


Gross weight 


2010 


Gross weight 


1,380,000 Х 


__ ____ Category” and country (kilograms) Value (kilograms) 
Rare-earth compounds? (2846.90.0000): 
Austria 49] $3,470 279,000 
— Brazil 13,400 122,000 9,450 
Canada 53,900 479,000 49,600 
China 43,200 488,000 47,000 
Colombia 1,640 $29,200 9,010 
Congo (Brazzaville) -- -- 69,900 
Estonia Е 7 ей 77,700 
Егапсе 28,500 543,000 23,000 
Germany 18,200 502,000 38,200 
Hong Kong 2,050 125,000 1,090 
India 4,190 49,600 18,500 
Italy 8,110 89,700 16,300 
Japan | 63,900 1,870,000 379,000 
Korea, Republic of 74,000 405,000 90,100 
Mexico 43,900 502,000 79,800 
. Netherlands 9,370 44,400 107,000 
Singapore 6,190 94,500 12,000 
Spain 16 22,000 141,000 
_ Taiwan 1,810 46,800 1,670 
. United Kingdom | 3,620 229,000 77,400 
Vietnam 2,800 31,100 62,500 
Other 75,700 ' 542,000 © 103,000 
Total 7 455,000 6,210,000 1,690,000 
Total estimated equivalent REO content 455,000 XX 1,690,000 
Rare-earth metals, including scandium and yttrium (2805.30.0000): 
Belgium MEME 268 24,600 8 
Brazil NENNEN а 16,800 221,000 84,200 
China | 365,000 1,370,000 316,000 
Germany ——— 4,800 232,000 7,220 
Hong Kong _ | 62,800 283,000 990 
India 3,130 228,000 6,780 
Japan : E 303,000 5,330,000 639,000 
Mexico Да 150 80,800 675 
| Switzerland = | 48 28,400 1 
Taiwan _ 1,190 46,600 801 
M o NNNM 3,190,000 6,220,000 - 
Other _ 157,000 ' 1,650,000" 93,300 
ош TERN 4,100,000 15,700,000 1,150,000 
Total estimated equivalent REO content | 4,920,000 XX 


‘Revised. XX Not applicable. -- Zero. 


| ERN 
Data are rounded to no more than three significant digits; may not add to totals shown. 


*Harmonized Tariff Schedule of the United States category numbers. 


3 
Inorganic and organic. 


Source: U.S. Census Bureau. 
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Value 


$616,000 
248,000 
588,000 
906,000 
$25,500 
437,000 
220,000 
442,000 
1,420,000 
69,500 
127,000 
108,000 
13,900,000 
940,000 
1,160,000 
1,560,000 
204,000 
187,000 
407,000 
1,930,000 
682,000 
1,060,000 
27,200,000 
XX 


39,700 
1,290,000 
1,230,000 

317,000 
190,000 
380,000 
19,800,000 
83,700 
3,260 

64,700 
4,110,000 

21,500,000 
ХХ 
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TABLE 5 
U.S. IMPORTS FOR CONSUMPTION OF RARE EARTHS, BY COUNTRY! 


ААА RN = 
Gross weight Gross weight — SCS 
Category? and country (kilograms) Value (kilograms) Value 
Cerium compounds, including oxides, hydroxides, nitrates, sulfate, chlorides, 
oxalates (2846. 10.0000): 
Austria 386,000 $1,140,000 131,000 $1,400,000 
China 1,720,000 5,030,000 2,010,000 13,500,000 
France 17,700 208,000 11,800 685,000 
Japan 51,600 1,800,000 139,000 4,700,000 
Korea, Republic of Es m 32,400 275,000 
United Kingdom 17,300 68,100 60,100 155,000 
Other 49,200 812,000 262,000 1,980,000 
Total 2,240,000 9,070,000 2,640,000 — 22,600,000 
Total estimated equivalent rare-earth oxide (REO) content 1,500,000 XX 1,770,000 XX 
Ferrocerium and other pyrophoric alloys (3606.90.3000): 
Austria 21,000 457,000 25,400 626,000 
China 4,280 90,300 11,900 184,000 
France 89,100 2,080,000 110,000 2,290,000 
Taiwan дъ == 700 9,530 
Total 114,000 2,620,000 148,000 3,110,000 
Total estimated equivalent REO content 1. 102,000 XX 131,000 XX 
Mixtures of rare-earth chlorides, except cerium chloride (2846.90.2050): 
Australia - -- 1,930 3,190 
Canada 617 2,570 T = 
China 887,000 4,560,000 2,030,000 11,100,000 
Estonia | —À— 2 a 4,000 126,000 
France Е 21 9,940 10,300 243,000 
Germany Е 129 112,000 336 87,000 
Јарап 5,550 108,000 19,500 206,000 
Russia 59 127,000 138 76,400 
United Kingdom 787 10,700 15,000 121,000 
Total 894,000 4,930,000 2,080,000 12,000,000 
Total estimated equivalent REO content 411,000 XX 956,000 XX 
Mixtures of REOs except cerium oxide (2846.90.2010): 
China 4,700,000 19,100,000 5,410,000 — 33,400,000 
France | = -- 56 22,900 
Germany 934 108,000 1,270 65,400 
idu. 9000 ee ere 2 Е 34,600 2,830,000 
МОЕ 42,500 4,190,000 18,400 1,790,000 
E C a mE ML ЕЕ Нб 6,130 64,900 9,310 148,000 
Russia 111 66900 —— 63 35,100 
Total | 4,750,000 23,500,000 5,480,000 38,300,000 
_ Total estimated equivalent REO conten — 4180,00 XX 5,480,000 XX 
Rare-earth compounds, including oxides, hydroxides, nitrates, other compounds 
.. except chlorides (2846.90.8000): 
Austria i 58,200 2,650,000 108,000 4,390,000 
Canada 3,000 15,000 -- - 
China 7 5,590,000 38,600,000 4,080,000 55,400,000 
о France о 331,000 13000000 542,000 16,600,000 
Germany 35,300 304,000 700. 208,000 
See footnotes at end of table. 
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TABLE 5—Continued 


U.S. IMPORTS FOR CONSUMPTION OF RARE EARTHS, BY COUNTRY? 


2009 2010 
Gross weight Gross weight 
Category’ and country (kilograms) | Value (kilograms) Value 

Rare-earth compounds, including oxides, hydroxides, nitrates, other compounds 

except chlorides (2846.90.8000)—Continued: 

Hong Kong | С | 600 $5,990 100 $6,800 

Japan | 143,000 9,350,000 417,000 — 17,300,000 

Russia 109 95,300 13,200 339,000 

South Africa | 39,600 426,000 64,100 781,000 

United Kingdom | | 157 49,000 43,800 211,000 

Other | | MEM _ 565000 3,060,000 45,800 1,080,000 

Total | _ 6,770,000 _ 67,500,000 — 5,310,000 96300000 

i Total estimated equivalent REO content | 5,080,000 * XX 3,980,000 XX 
Rare-earth metals, whether intermixed or alloyed (2805.30.0000): 

Austria | | 227 36,100 3,610 223,000 

Сапада | | Е = 224 19,700 

China | | i 167,000 3,790,000 361,000 12,300,000 

Germany e = 70 17,600 

_ Hong Kong Е -- 46,400 409,000 

_ India | 50 4,000 - s 
Japan 10,800 481,000 13,600 954,000 
Korea, Republic of | - 55 53 51,600 
Russia | | 2,110 182,000 3,620 328,000 
Spain Е 31 2,450 2 - 
United Kingdom | 7,870 368,000 8,480 413,000 
Vietnam Е ИИО = х 219 4,150 

Total _ 188000 4,870,000 437000 1400,00 
Total estimated ‘equivalent REO content i | 226,000 ХХ 525,000 XX 

Yttrium compounds content by weight greater than 19% but less than 85% | 7 

_ oxide equivalent (2846.90.4000): 

_ China u | 8,690 136,000 98,000 586,000 
Frane | 945 29,800 9,100 589,000 
арап 1,710 362,000 5100 641,000 
Other — u EMEN 190 37,500 10200 243,000 

_ Total MM 11,00 565,000 122,000 2,060,00 
Total estimated equivalent REO content | | | 6,920 XX 73,500 XX 

Revised. XX Not applicable. -- Zero. | i 

‘Data are rounded to no more than three significant digits; may not add to totals shown. 

^Harmonized Tariff Schedule of the United States category numbers. 

Source: U.S. Census Bureau. 
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TABLE 6 
RARE EARTHS: ESTIMATED WORLD MINE PRODUCTION, BY COUNTRY! ? 


m (Metric tons of rare earth oxide equivalent) 
Tn 
mn Country? | | о 2006 _ 2007 2008 200 2010 
Brazil | | С 5274 645* 460“ 170" 140 
China | 133,000 120,000 125,000 129,000 120,000 
^W India | 2700 2700 270 2700 2,800 
ИК Kyrgyzstan NA NA NA NA NA 
W Malaysia | 430 380 1207 13' 400 
iw Total i | _ 13700 124000 128,000 132000 123,000 
її 'Revised. NA Not available. 
Е World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
m" ?Table includes data available through October 4, 2011. 
І *In addition to the countries listed, rare-earth minerals are thought to be produced in some Commonwealth of 
m Independent States countries besides Kyrgyzstan and in Indonesia, Nigeria, North Korea, and Vietnam, but 
mh information is inadequate for formulation of reliable estimates of output levels. 
y *Reported figure. 
MIL 
ІМ 
Ji 
yn 
qi 
№ 
ІШ ТАВІ,Е 7 
= MONAZITE CONCENTRATE: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 
ПШ 
E: (Metric tons, gross weight) 
Bu n 2006 2007 2008 2009 2010 
" Brazil _ 958 4 1,173 4 1,200 1,200 1,200 
~ India mE $000 5,000 5,000 5.000 5,000 
Ё Malaysia 8944 | 6824 | 233! а= 
p ^ Total | 6,850 — 6,860 6,4307 6530. d 
i "Revised о m 
i World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
1 ?Table includes data available through May 9, 2011. 


"In addition to the countries listed, China, Indonesia, Nigeria, North Korea, the Republic of Korea, ang countues of 
the Commonwealth of Independent States may produce monazite, available information is inadequate for formulation 


of reliable estimates of ouput levels. 
"Reported figure. 
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RECYCLING—METALS 


By John F. Papp 


Survey data and tables were prepared by Maria Arguelles, E. Lee Bray, James F. Carlin, Jr., Daniel L. Edelstein, Michael D. 
Fenton, Joseph Gambogi, David E. Guberman, Deborah A. Kramer, Peter H. Kuck, and Amy C. Tolcin 


In 2010, the United States recycled 66 million metric tons 
(Mt) of selected metals, an amount equivalent to 65% of the 
apparent supply of those metals (table 1). More than 90% of 
recycled metal was steel, and almost 90% of apparent supply 
was steel. The United States exported 26.4 Mt of scrap metal 
and imported 5.6 Mt of these same metals (table 2). 

Metals are important, reusable resources. Although the 
ultimate supply of metal is fixed by nature, human ingenuity 
determines the quantity of supply available for use by 
developing economical processes to recover metal from the 
Earth (the primary source of metal) and recycle metal from 
the use/process stream (the secondary source of metal). The 
reusable nature of metals contributes to the sustainability of 
their use. Recycling, a si gnificant factor in the supply of many 
of the metals used by our society, provides environmental 
benefits such as energy savings and reduced volumes of waste. 

The term “primary” indicates material from ore deposits, 
and the term “secondary” indicates material from recycling, 
including used products and residuals from manufacturing. 
Recycling practices and the description of those practices vary 
substantially among the metal industries. Generally, scrap is 
categorized as “new” or “old.” “New” indicates preconsumer 
sources, and “old,” postconsumer sources. The many stages 
of industrial processing that precede formation of an end 
product are the sources of new scrap. For example, when metal 
5 converted into shapes—bars, plates, rods, or sheets—new 
Scrap is generated in the form of cuttings, trimmings, and off- 
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specification forms. When these shapes are converted to parts, 
additional new scrap may be generated in the form of cuttings, 
stampings, turnings, and off-specification parts. Similarly, when 
parts are assembled into products, new scrap may be generated. 

Once a product completes its useful life, it becomes old scrap. 
Used appliances, automobiles, and beverage cans are examples 
of old consumer scrap; used jet engine blades and vanes, junked 
machinery and ships, and metal recovered from commercial 
buildings or industrial plants are examples of old industrial 
scrap. A wide variety of descriptive terms, including external 
scrap, home scrap, internal scrap, mill scrap, prompt scrap, 
and purchased scrap, have evolved to describe scrap generated 
by diverse industry practices. The material flow of recycled 
metal commodities in the United States has been documented 
in a series of reports published by the U.S. Geological Survey 
(Sibley, 2006-11). 

Individual annual reviews for each of the metals listed in the 
tables are in the respective chapters in this volume of the U.S. 
Geological Survey Minerals Yearbook, volume I, Metals and 
Minerals. 


Reference Cited 


Sibley, S.F., ed., 2006-11, Flow studies for recycling metal commodities in 
the United States: U.S. Geological Survey Circular 1196-А-7-АА, the 27 
chapters are separately paginated and are available only at http://pubs.usgs. 
gov/circ/circ1196/. (Accessed May 29, 2012, via http://minerals.usgs.gov/ 
minerals/pubs/commodity/recycle/.) 


TABLE 1 
SALIENT U.S. RECYCLING STATISTICS FOR SELECTED METALS! 


Quantity of metal Value of metal 


(metric tons) (thousands) 
Recycled from Recycled from Apparent Percentage Recycled Кот Recycled from Apparent 


Year new scrap? old scrap? Recycled" supply” recycled® new scrap? old scrap? Recycled’ supply’ 
Aluminum:® 


2006" 2,800,000 1,580,000 4,380,000 8,500,000 52 $7,490,000 $4,220,000 $11,700,000 $22,700,000 

2007" 2,450,000 1,660,000 4,120,000 7,320,000 56 6,610,000 4,480,000 11,100,000 19,700,000 

2008! 2,130,000 1,500,000 3,630,000 6,070,000 60 5,660,000 3,970,000 9,640,000 16,100,000 

2009" 1,570,000 1,260,000 2,820,000 4,890,000 58 2,740,000 2,200,000 4,940,000 8,550,000 

2010 1,550,000 1,250,000 2,800,000 5,000,000 56 3,560,000 2,880,000 6,440,000 11,500,000 
Chromium:? 

2006 NA NA 179,000 432,000 ' 41! МА МА 213,000 1,870,000 


2007 NA NA 162,000 493,000 33 NA NA 297,000 1,860,000 
2008 NA NA 146,000 432,000 34 NA NA 491,000 2,600,000 


2009 NA NA 141,000 160,000 88 NA NA 218,000 ' 234,000 ' 
2010 NA NA 144,000 383,000 38 NA NA 171,000 883,000 


Copper: 
2006 819,000 150,000 968,000 3,010,000 32.1 5,680,000 1,040,000 6,720,000 20,9%,00 
2007 767,000 158,000 925,000 3,040,000 30.5 5,550,000 1,140,000 6,690,000 22,000,000 
2008 697,000 156,000 852,000 2,690,000 31.7 4,900,000 1,100,000 6,000,000 — 18,900,000. 
2009 639,000 ' 138,000 ' 777,000 " 2,220,000 ' 35.0 3,340,000 ' 734,000 * 4,070,000" 11,800,000 - 
2010 639,000 131,000 770,000 2,380,000 324 4,930,000 1,010,000 5,940,000 1830000 
Iron and steel: !! 
2006 NA NA 65,300,000 137,000,000 48 NA NA 14,300,000 2500000 
2007 NA NA _ 64,000,000 119,000,000 54 NA NA 16,200,000 29,200,000 
2008 NA NA 66,400,000 109,000,000 62 NA NA 23,200,000 37,600,000 _ 
40 7 ҚА 7 БА 332000007 69300000 37 — р NA 11,000,000 12,600,000 
907 м NA 600000 020000 ^ gi "a 05 19,900,000 — 27,0000 _ 


Laa? — с LI LLL E 


2006 19,600 1,140,000 1,160,000 1,470,000 78.9 33,500 1,950,000 1,980,000 2,510,000 
2007 24,100 1,160,000 1,180,000 1,540,000 76.7 65,700 3,150,000 3,220,000 42000 
2008 20,100 1,120,000 — 1,140,000 1,540,000 74.5 53,300 2,980,000 3,040,000 _ 4.080000 
2009 21,600 1,090,000 — 1,110,000 1,380,000 80.5 41,400 2,090,000 2,130,000 2,400 
2,730,000 346000 _ 


2010 24,100 — 1,110000 1,140,000 1,440,000 79.0 58,000 2,670,000 
Magnesi — OOD 


2006 60,500 21,700 82,200 165,000 50 155,000 55,400 210,000 42140 _ 
2007 59.900 23,500 83,300 160,000 52 227,000 39,000 316,000 60800 _ 
2008 61,100 22.600 83,700 170,000 49 451,000 167,000 618,000 1250000 _ 
2009 47,100 20,500 ' 67,600 ' 118,000" 58! 269,000 117000* 386000: 6200 
2010 51,500 20,500 72,000 137,000 52 292,000 116,000 408,000 11140 _ 
Nickel; 4 z 
2006 NA NA 104,000 ' 247,000 ' 42 NA NA 2,510,000 5,990000 _ 
Юю NANA 99.100 ун л — = NA 36900000 787000. 
2008 NA NA 85.300 ' 200,000 43 NA NA 1,800,000 4230,000_ 
2009 NA NA 79.900 173,000 46 NA NA 1,170,000 240000 
2010 МА МА 106,000 219,000 49 NA NA 2320000 476000 _ 
2006 2,340 11,600 13,900 51,600 27 29,100 145,000 174,000 6000. 
2007 2,860 12,200 15,100 44,500 31 56,700 — 242000 298,000 88000. 
E NENNT NENNT NE NN кх E © 291,000 34400 649%” 
Сю» 7 мо лю мй ва у 600 205,000 Dn NES. 
2010 — ^ ^ 2680 1090 1339 ез — 16 4. 1000 160 
Seefoototesatendofüble — ----5 4 » 73200 298,000 2 
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TABLE 1—Continued 
SALIENT U.S. RECYCLING STATISTICS FOR SELECTED METALS! 


аа-аа 
: Quantity of metal Value of metal 
 -— (metric tons) (thousands) 
ју Recycled from Recycled from Apparent Percentage Recycled from Recycled from Apparent 
My s Year new scrap" old scrap” Recycled" supply” recycled? new ѕсгар“ old scrap” Recycled’ supply’ 


Titanium:'° 


ин 2006 МА МА 25,000 W 47 МА МА $253,000 МА 
ШІЛІК 2007 МА МА 23,800 W 41 МА МА 167,000 МА 
ЗН ii 2008 МА МА 23,200 W W МА МА 148,000 МА 
УЧИ в 2009 24,700 < 1,000 * 25,700 * W NA NA 101,000 NA 
ENA шошу м. 


ШИ 


VAMOS W 
ӨҢ в ^ 2010 28,200 1,000 * 29,200 W 46 NA МА 212,000 МА 
Zinc; " 

JW 7 2006 294,000 47,900 342,000 1,530,000 22 $1,030,000 $168,000 1,200,000 $5,370,000 
NW з 2007 207,000 26,700 234,000 1,270,000 18 705,000 90,900 796,000 4,340,000 
QUU y 2008 247,000 92,900 339,000 1,350,000 25 483,000 182,000 665,000 2,650,000 
NA; 2009 194,000 78,900! 273,000 1,170,000 23 334,000 135,000 469,000 2,000,000 
ШЕН 2010 208,000 123,000 331,000 1,240,000 27 468,000 276,000 744,000 2,780,000 


"Estimated. 'Revised. NA Not available. W Withheld to avoid disclosing company proprietary data. 


Ми X — 'Data are rounded to no more than three significant digits; may not add to totals shown. 
M 2 "Scrap that results from the manufacturing process, including metal and alloy production. New scrap of aluminum, copper, lead, tin, and zinc excludes home scrap, 
Ші x which is scrap generated and recycled in the metal producing plant. 
mn 2 "Scrap that results from consumer products. 
ЈЕ "Metal recovered from new plus old scrap. 
"Apparent supply is production plus net imports plus stock changes. Production is primary production plus recycled metal. Net imports are imports minus exports. 
no Apparent supply is calculated on a contained-weight basis. 
TE "Also referred to as recycling rate. 
Ші? Same as apparent supply defined in footnote 5 above but calculated based on a monetary value. 
LM Quantity of metal is the calculated metallic recovery from purchased new and old aluminum-base scrap, estimated for full industry coverage. Monetary value is 
TE ‚шы based on average U.S. market price for primary aluminum metal ingot. Series revised by removing imported scrap to avoid double counting. 
Chromium quantity of metal recycled was estimated as chromium content of stainless steel scrap receipts (reported by the iron and steel and pig iron industries). 
ш For the calculation of apparent supply, trade includes reported or estimated chromium content of chromite ore, ferrochromium, chromium metal and scrap, a variety 
"E of chromium-containing chemicals, and stainless steel mill products and scrap. Stocks include estimated chromium content of reported and estimated producer, 
"E consumer and Government stocks. Recycled monetary value estimated as recycled quantity times the average import value of high-carbon ferrochromium. 
"E Apparent supply monetary value estimated like apparent supply quantity with monetary value substituted for chromium content. 
и’ "Includes copper recovered from unalloyed and alloyed copper-base scrap, as refined copper or in alloy forms, as well as copper recovered from aluminum-, nickel-, 
= and zinc-base scrap. Monetary value based on annual average refined copper prices. 
"E "Recycled Scrap reported from consuming manufacturers. Apparent supply measured as shipments of iron and steel products plus castings corrected for imported 
Ё semifinished products. Recycled unit value is the U.S. annual average composite price for No. 1 heavy-melting steel calculated from prices published in 
Е ia Metal Market. Unit value for the year used to calculate values of recycled scrap and apparent supply of scrap. 
б Monetary value of scrap and apparent supply estimated based upon average quoted price of common lead. | | 
P | 2 magnesium content of aluminum-base scrap. Monetary value based on the annual average Platts Metals Week U.S. spot Western magnesium price. 
Ickel statistics were derived from the following: 
T Production, consumption, receipts | | 
1% *Reported nickel content of products made from reclaimed stainless steel dust, spent nickel-cadmium batteries, plating solutions, and other products. 
a | *Estimated nickel content of reported net receipts of alloy and stainless steel scrap. 
* *Reported nickel content of recovered copper-base scrap. 
Ж "Reported nickel content of obsolete and prompt purchased nickel-base scrap. 
*Estimated nickel content of various types of reported obsolete and prompt aluminum scrap. 
| Trade data 
^ *Reported nickel content of International Nickel Study Group (INSG) class I primary products, including briquets, cathode, flake, pellets, and powder. 
^ Reported or estimated nickel content of INSG class II primary products, including ferronickel, metallurgical-grade nickel oxide, and a variety of nickel- 
^ containing chemicals. 
^ : *Estimated nickel content of secondary products, including nickel waste and scrap and stainless steel scrap. 
2 tock data 


*Reported or estimated nickel content of all scrap stocks, except copper. 
*Reported nickel content of primary products held by world producers in U.S. warehouses. 
*Reported nickel content of primary products held by U.S. consumers. 
*Reported nickel content of U.S. Government stocks. 
Monetary value based on annual average cash price for cathode, as reported by the London Metal Exchange. 
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SALIENT U.S. RECYCLING STATISTICS FOR SELECTED METALS! 


TABLE 1—Continued 


Monetary value based on Platts Metals Week composite price for tin. Apparent supply excludes withheld stock changes. 
Percentage recycled based on titanium scrap consumed divided by primary sponge and scrap consumption. 
"Monetary value based on annual average Platts Metals Week metal price for North American special high-grade zinc. 


TABLE 2 
SALIENT U.S. RECYCLING TRADE STATISTICS FOR SELECTED METALS! 


| Imports і for consumption 


Exports. 
р Quantity ЕЕ | Quantity 
Gross wei ight Contained weight Value Gross weight Contained weight Value 
Year (metric tons) (metric tons) (thousands) (metric tons) - (metric tons) (thousands) 

Aluminum: КЕШЕ | 
2006 1,480,000 NA $2,550,000 527000 0 NA $930,000 - 

_ 2007 1,550,000 МА 3,050000 471,000 © NA 803,000 

г 2008 1,980,000 — NA 3,420000 494000 NA 853000 _ 
2009 1,660,000 _ МА 22,000,000 433,000 © NA 503000 _ 
2010 2 41910000 — NA — 3,190,000 504,000 NA 763,000 

Chromium? — 

- 2006 506,000 86,300 720,000 180,000 - 30,600 210000 - 
2007 | 882,000 150,000 1,620,000 118,000 — 20,400 200,000 
2008 1,000,000: 170,000 1,190000 140,000 24300 22000. 
2009 | С 1130000 192000 778,000: 124,000 21,200 138000 _ 
2010 937,000 | 159000 937,000 196000 33,700 307,000 

3 

e 803000 662000 2,350,000 118000. 91,600 _ 474,000 
2007 -907,000 704000 2,840,000 133,000 7 112,00 665,000 
2008 90800 688,000 2,960,000 106000 85,700 48000- 
2009 | 222 843000 633,000 200000 7180 . 56, 300 234000 

2010 _ 1,030,000 — 788,000 3,550,000 95200: _ 75,000 399000. 

Iron and steel: 

720600 14,100,000 14,100,000 4,270,000 5,000,000 5,000,000 1,310,000 _ 
2007 7 16,700,000 16,700,000 6,980,000 3,780 000 — 3,780,000 — 1,080000 , 

(2008 | 21,500,000 ~ 21,500,000 — 10,400,000 3,600,000 3,600,000 1,450,000 
209 0 22,400,000 22,400,000 — 7,120000 2,990,000 2,990,000 814000 - 
210 20 500,000 20,500,000 8, 380, 000 3,780,000 3,780 000 _ 1420000 _ 

Tr NNNM 121,000 — 121,000 - 37200 . 1800 — 1510 1,650 
2007 | 129,000 - 129,000 55400 1,5890 100 249 
2008 175,000 1375000 | 92800 |1470. 1,290 25 

772009 140,000 _ 140,000 72,000 21,600: NC m 

^20 — 43,500? 43,500 _ 33,800 5,020 3730 59 
nesium: 

e. | 3,680 3,680 8,410 17,200 | 17200 2390 
2007 1,800 1,800 — 4000 21,200 | 21200 35500 

(2008 — _ 2,00 | 260 5420 24,100 24100 58,800 
(200 2280 — 72280 5200 2000 2090 403% 
2010 |. 481 481 | 80 22.100 22,00 56500 

See footnotes at end of table. | | | 
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TABLE 2—Continued 
SALIENT U.S. RECYCLING TRADE STATISTICS FOR SELECTED METALS! 


ПЕ scope дай Exports Imports for consumption 
Quantity Quantity 
Gross weight | Contained weight Value Gross weight Contained weight Value 
Year (metric tons) (metric tons) (thousands) (metric tons) _ (metric tons) (thousands) 

Nickel: 

2006 2,890,000 68,600 — $1,730,000 717,000 22,400 $416,000 _ 
2007 2,800,000 110,000 3,110,000 826,000 19,000 488,000 
200  — 2,720,000 101,000 2,670,000 788,000 22,600 613,000 
г 2009 2,420,000 95.100 1,710,000 699,000 20,000 442,000 
~ 2010 1,870,000 84,000 1,870,000 954,000 26,700 711,000 — 
Tin: 27 ЕЕ 

2006 7,500 7,500 14100 — 2,490 2,490 4470 | 
2007 9,930 9,930 26900 10,200 10,200 7430 _ 
2008 210,300 210,300 26,600 23,300 23,300 17,100 
_ 2009 9,430 9,430 25,600 80,600 80,600 16,200 
_ 2010 | 10,700 _ 10,700 26,500 57,300 57,300 18,300 
Titanium: 

220600 10800 — © NA 110000 12,800 NA 200,000 
2007 9,510 _ NA 67,300 _ 12,200 МА 133,000. 
20800 8,180 EET 52,000 10,400 NA 68,900 
2009 4,200 |... МА 14,000 4,770 NA 17,600 
_ 2010 3,480 NA 19,200 10,700 NA 75,500 
Zinc: Ж mm 
2006 _ 83,800 | NA 95,800 14,200 NA 18,700 
2007 102,000 NA 103,000 221,800 МА 32,500 
20800 91,000 | NA 99,100 17,000 МА 20,300 
2009 47,00 МА 54,300 9,100 МА 8,800 
2010 77,900 _ МА 85,200 15,600 МА 19,400 


МА Not available. 


‘Contained weight based upon 100% of gross, unless otherwise specified. 


"Includes stainless steel scrap and chromium metal waste and scra 
of Harmonized Tariff Schedule of the United States (HTS) code 7 


is 100% of gross weight. 


For HTS codes 7404.00.0045, 7404.00.0062, and 7404.00.0080 contained 
weight. For HTS codes 7404.00.3045, 7404.00.3055, 7404.00.3065, 7404. 


7404.00.6065, and 7404.00.6090 contained weight for import quantity is 7 


"Lead content of waste and scrap obtained from lead-acid batteries (HTS 7802.00.0030) included in exports but 


excluded from imports. 


*Contained weight for import and export quantities is 0.4% of gross wei 
code 7503.00.0000, and 7.5% for HTS code 7204.21.0000. 


“Includes titanium waste and scrap HTS code 8108.30.0000. 


RECYCLING—METALS—2010 [ADVANCE RELEASE] 


| 


= 


p. Contained weight for import and export quantities 
204.21.0000 is 17% of gross weight; 8112.22.0000 


weight for import quantity is 6594 of gross 
00.3090, 7404.00.6045, 7404.00.6055, 


2%. 


ght for HTS code 7204.29.0000, 50% for HTS 
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RHENIUM 
By Désirée E. Polyak 


Domestic survey data and tables were prepared by Maria Arguelles, statistical assistant, and the world production table was 


prepared by Lisa D. Miller, international data coordinator. 


U.S. estimated rhenium production increased by about 996, 
while apparent consumption of rhenium increased by about 
27% from that of 2009 (table 1). World production of rhenium 
in 2010 was estimated to be about 47,200 kilograms (kg), a 496 
increase from that of 2009 (table 4). 


Production 


In the United States, rhenium is a byproduct of molybdenite 
concentrates that are recovered as a byproduct of porphyry 
copper-molybdenum ore mined in the Western States. Rhenium 
recovery requires roasting in a facility equipped to capture the 
rhenium compounds in the stack gases. In the United States, 
only one molybdenum concentrate roasting facility is currently 
so equipped—the Freeport McMoRan Copper & Gold Inc. 
Sierrita facility in Arizona. Domestic mine production data 
for rhenium (table 1) were derived by the U.S. Geological 
Survey (USGS) from reported molybdenum production at the 
copper-molybdenum mines. Domestic demand for rhenium 
metal and other rhenium products was met by imports, from 
recovery from domestic ores and stocks, and from the recycling 
of both spent catalysts and superalloy scrap. 


Consumption 


In the past decade, the two most important uses of rhenium 
have been in high-temperature superalloys and platinum- 
rhenium catalysts. Rhenium is used in single-crystal, 
high-temperature superalloy turbine blades for aircraft engines 
and land-based turbine applications. Rhenium is used in the 
turbine blades closest to the combustion zone in gas turbine 
engines. The use of rhenium-containing blades allows the 
engine to be designed with closer tolerances and allows 
operation at higher temperatures, which prolongs engine life 
and increases engine performance and operating efficiency. 
Platinum-rhenium catalysts are used to produce high-octane, 
lead-free gasoline. Industry continued to research the potentia! 
for increased recycling of rhenium-bearing turbine blades and 
the development of new alloys and catalysts. 

Other applications of rhenium, primarily as tungsten-rhenium 
and molybdenum-rhenium alloys, are more diverse; these 
included crucibles, electrical contact points, electromagnets, 
electron tubes and targets, flashbulbs, heating elements, 
lonization gauges, mass spectrographs, metallic coatings, 
semiconductors, temperature controls, thermocouples, vacuum 
tubes, and x-ray tubes. 

World consumption of rhenium in 2009 was estimated to be 
33,500 kg, of which 7896 was consumed in superalloys, 1496 
In catalysts, and 8% in other end uses (Roskill Information 
Services Ltd., 2010, p. 27). 
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Rhenium was used in petroleum-reforming catalysts for the 
production of high-octane hydrocarbons, which are used in the 
formulation of lead-free gasoline. Bimetallic platinum-rhenium 
catalysts have replaced many of the monometallic catalysts. 
Rhenium catalysts tolerate greater amounts of carbon formation 
when making gasoline, and make it possible to operate the 
production process at lower pressures and higher temperatures, 
which leads to improved yields (production per unit of catalyst 
used) and higher octane ratings. Platinum-rhenium catalysts also 
were used in the production of benzene, toluene, and xylenes, 
although this use was small compared with that used in gasoline 
production. 

General Electric Aviation (GE), a subsidiary of General 
Electric Co. (Fairfield, CT), announced that it had developed 
two new alloys as part of the company’s overall strategy to 
conserve and recycle rhenium. The first new alloy, N500, a 
rhenium-free alloy, was expected to be used in stationary parts 
such as engine nozzles and shrouds. The second new alloy, René 
№15, used less rhenium (1.5%) while providing the properties 
of other second-generation alloys that used significantly more 
rhenium (3%). According to the company, René N515 has been 
tested extensively and has been introduced into the СЕМ56 
turbine blades in jet engines. Computer modeling enabled the 
development and introduction of the alloy in 2 years, compared 
to the traditional developmental time of 4 years (Fink and 
others, 2010). However, it was important to note that René 
N515 has been described as having an oxidation resistance 
capability at 1,175 °С. This temperature was not expected to be 
an operating temperature that could power many of the larger 
Jet engines that run at higher temperatures, The only alloys 
capable of running at these higher temperatures were the current 
second-generation (396 Re) and third-generation (694 Re) rrent 
alloys, making GE's new alloys inadequate for larger 
(Lipmann Walton & Co. Ltd., 2010). У 

GE has also been working to lessen it 
by researching a variety of innovative aaa Ж 
using advanced manufacturing processes, Recycli — and by 
from unserviceable engine parts continued t 4... 
through GE's Reclamation Pro | © be performed 
2006 in response to the volatil о iw 'aunched in 

е market and гісі - 
recycles used, high-pressure turbine bl jp Prices. GE 
henium-bearing nickel superal thar ees (HPTBs) made ofa 
r peralloy that are cleaned and melted 


Jet engines 


= for the scrap metal they return. The US. Navy was one of 
e Arst participants in the program. Approximately 23 metric 
tons (t) of material has been picked up from the U.S. Navy’s 
Fleet Readiness Center (Jacksonville, FL) and recycled. That 
includes out-of-use F414, F404, and T700 engines, which are 
also some of the models that have the highest rhenium content 
(General Electric Aviation, 2011). 

Rio Tinto ple announced that Kennecott Utah Copper’s 
molybdenum autoclave-process (MAP) facility, first approved 
in June 2008 and then later put on hold, was given approval to 
restart construction in April 2010. First production from phase I 
of the project was anticipated in the fourth quarter of 2012, and 
production at full capacity of 13,600 metric tons per year (t/yr) of 
molybdenum was scheduled for the fourth quarter of 2013. The 
phase 2 expansion to 27,200 t/yr of molybdenum was anticipated 
to be completed in the first quarter of 2015 (Rio Tinto plc, 2011, 
p. 78). The MAP was expected to enable lower grade concentrate 
to be processed more efficiently than in conventional roasters, to 
allow improved molybdenum recovery, and to enable production 
of chemical-grade molybdenum products (Rio Tinto ple, 2010, 
p. 40). The new facility would have the capacity to recover 
approximately 3 to 5 t/yr of rhenium. Unlike the roasting process, 
the autoclave system would extract rhenium at the crystallization 
stage and recover it, as in the old roasting process, via ion | 
exchange. The final products would be high-purity ammonium 
perrhenate (APR) suitable for catalysts and rhenium metal for the 
aerospace industry. 7 

Northern Dynasty Minerals Ltd. (Vancouver, British 
Columbia, Canada) announced the results of a preliminary 
assessment technical report from its Pebble copper-gold- 
molybdenum-rhenium project in Alaska. Based on a 45-year 
open pit mine life, the report estimated that the project could 
produce close to 14 million metric tons of copper, 635,000 t 
of molybdenum, and 1,200 t of rhenium, in addition to gold, 
palladium, and silver. Mine construction would take 4 years, 
employing a maximum labor force of 2,080. The project, also 
known as the Pebble Partnership, is a 50-50 joint venture 
between Northern Dynasty and Anglo American ple (London, 
United Kingdom). According to the companies, a range of 
options are currently being examined including conventional 
open pit mining, underground mining, or a combination of both 
(Northern Dynasty Minerals Ltd., 2011, р. 10-13). 


Prices 


In 2010, the annual average price of APR catalytic-grade 
rhenium as reported in Metal Bulletin was $4,630 per kilogram, 
4 3994 decrease compared with the $7,580 per kilogram annual 
average price of 2009. The annual average price of rhenium 
metal pellets (minimum 99.9%) was $4,720 per kilogram in 
2010, a 37% decrease from the $7,500 per kilogram annual 
average price of 2009. The rhenium metal pellet price was 
$4,740 per kilogram until July, when it trended downward for 


the remainder of the year. 
Foreign Trade 


Imports of rhenium metal in 2010 increased to 23,100 kg, 
а 7% increase compared with 21,500 kg rhenium metal in 


62.2 


2009 (table 2). Imports of APR increased to 25,500 kg, a 78% 
increased compared with 14,300 kg APR in 2009, owing to 
stronger U.S. demand (table 3). Chile and the United Kingdom 
were the leading suppliers of rhenium metal to the United 
States; Kazakhstan, Poland, Russia, and the United Kingdom 
were the leading suppliers of APR. Imports for consumption of 
rhenium metal are shown in tables 1 and 2, and those of APR 
are shown in tables 1 and 3. 


World Review 


World production of rhenium was estimated to have been 
about 47,200 kg in 2010 (table 4). This estimate was based on 
the quantity of rhenium recovered from concentrates that were 
processed to recover rhenium values. 

Rhenium was recovered as a byproduct from porphyry copper- 
molybdenum ores mined primarily in Canada, Chile, Mexico, 
Peru, Poland, and the United States. Rhenium is also associated 
with copper minerals in sedimentary deposits in Armenia, 
Kazakhstan, Russia, and Uzbekistan, where ore is processed for 
copper recovery, and the rhenium-bearing residues are recovered 
at the copper smelter. Rhenium-bearing residues from both 
sources are processed for recovery either as APR for catalyst 
uses, or as a metal powder for superalloys. The major producers 
of rhenium metal and compounds were Chile, Germany, the 
Netherlands, the United Kingdom, and the United States. 

World reserves of rhenium are contained primarily in 
molybdenite in porphyry copper deposits. U.S. reserves of 
rhenium are concentrated in Arizona, Montana, Nevada, New 
Mexico, and Utah. Chilean reserves are found primarily at four 
large porphyry copper deposits and in smaller deposits in the 
northern half of the country. In Peru, reserves are concentrated 
primarily in the Toquepala open pit porphyry copper mine and 
in about 12 other deposits. Other world reserves are contained i 
several porphyry copper deposits and sedimentary copper deposits 
in Armenia, northwestern China, Iran, Kazakhstan, Russia, and 
Uzbekistan, and in sedimentary copper-cobalt deposits in Congo 
(Kinshasa). U.S. reserves were estimated to be about 390 t, and 
rest-of-the-world reserves were estimated to be about 2,1001. 

Australia. —lvanhoe Australia Ltd. (Melbourne) announced 
that it completed a prefeasibility study on its Merlin T 
molybdenum-rhenium project in northwestern Queenslan | | 
prefeasibility study projected average output of н ey 
5.300 t/yr of molybdenum as molybdenum trioxide ^ 
(уг of rhenium as APR during at least а 10-year mine 1 t 
Concentrate production was targeted for the third A о 
2013, with commercial production to start in the first qu 
2014 (Metal-Pages, 2011). | 

кыгы сө y Metales S.A. (Molymet) e 
maintained roasting facilities equipped for Ege i ud 
in Belgium, Chile, and Mexico. Molymet ргитаг + Nacional 
byproduct molybdenum concentrates for Согрогас тае бол 
del Cobre de Chile (Codelco), but also sourced s іХ 
Canada, Mexico, Реги, and the United States. Соте Chile b 
plc also roasted byproduct molybdenum conca 
those roasters were not equipped for rhenium rec 
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БЫ ч [n January, Codelco resubmitted approval plans to Chile's 
Ма National Environmental Comission (СОМЕМА) for its $4.5 
Ari million plan to refurbish and restart operation of a rhenium 
йй recovery plant at its Chuquicamata Mine. In November 2009, 
d the company had submitted a request but later withdrew it in 
po ista order to carry out some technical adjustments. The plant was 
иш expected to have the capability to produce 1,800 kilograms 

per year of metallic rhenium and was expected to run for 20 

years (Business News Americas, 2010). The rhenium recovery 

plant was built in 1990 and began production in 1991, but 
ішін Operations were halted in 1996 after rhenium market conditions 
Bim deteriorated (Platts Metals Week, 2009). 

Kazakhstan. —Zhezkazganredmet (Redmet), Kazakhstan's 
state-owned rhenium producer, received rhenium-bearing 
tho residues from the Dzhezkazgan Copper Works mine and smelter 
"I complex in Kazakhstan. Dzhezkazgan was controlled by Kazakh 
шін Соррег, and its parent Samsung Corp., which received 50% of 
а Redmet's production as payment for the rhenium residues. A 
vmi disagreement, beginning in 2007, between Kazak Copper and 

Redmet resulted in rhenium production slipping from 8 t in 
2006 to an estimated 3 t in 2009. The Dzhezkazgan plant was 
scheduled to undergo refurbishment in 2010, which further 
decreased rhenium production to an estimated 2 t in 2010 
(Kazakhmys plc, 2010). 

Poland. —KGHM Ecoren S.A. (Lubin), a division of Polish 
copper producer KGHM Polish Copper S.A., opened a metallic 
rhenium refinery near the Legnica Copper Smelter. The facility, 
, Completed in October 2009, took only 5-1/2 months to build. 
" Ecoren reported that British customers, Rolls-Royce Group 
rii plc and Johnson Matthey plc, were the major purchasers of 

p 15 rhenium products. The facility has an annual capacity to 
, convert APR into 3.5 t of metallic rhenium. It is also able to 
nm supply rhenium metal in powder form according to customer's 
i requirements, Ecoren also increased its crystalline APR 
s production capacity, which was expected to be 6 to 7 Uyr of 
sé APR. Ecoren receives the waste sulfuric acid from the KGHM 
T Polish copper plant and then, through hydrometallurgical 
2d Processes, captures the rhenium to produce the APR and 
rhenium metal (KGHM Ecoren S.A., 2011). 
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Wt Outlook 


f The global economic downturn, particularly in North America 

" and Europe, severely affected the major markets for rhenium, 

Є and world rhenium demand decreased by 16% in 2009. In 

" 2010, rhenium demand began to recover. The United States is 

г. the world's leading producer of aerospace superalloys and is, 
therefore, the largest consumer of rhenium (Roskill Information 

" ы Ltd., 2010, p. 34). With the leading three consumers— 

us Pratt & Whitney, and Cannon Muskegon Corp.— 

il consuming an estimated 45 t/yr of rhenium, more production 
from new plants, such as Poland’s new rhenium facility, are 

4 needed. Rhenium consumption was estimated to increase by an 

average of 5% per year between 2009 and 2015 to reach 71 ,500 

kg in 2015 (Roskill Information Services Ltd., 2010, p. 27). 

As the life cycle of turbine blades in jet engines is 
approximately 10 years, significant quantities of 
Second-generation blades (3% Re) were accumulating. 
Technology is beginning to be developed to allow recycling 
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of second-generation blades for recovery of rhenium that can 
be used in the manufacture of new third-generation blades, 
potentially reducing requirements for virgin rhenium by about 
5096. The majority of rhenium is recycled in Germany and the 
United States, but significant amounts are also being recovered 
in Estonia and Russia. 

Potential molybdenum producers continued to look at ways to 
increase the value of future production since the collapse in the 
molybdenum price. For some, producing byproduct rhenium is 
a strong possibility. Perhaps the greatest potential for increased 
rhenium production lies in the molybdenum concentrates that 
are presently being roasted in facilities that are not equipped to 
recover the rhenium values. For example, Rio Tinto's new MAP 
facility would allow Rio Tinto to recover approximately 3 to 5 
t/yr of rhenium, potentially increasing U.S. rhenium production 
by more than 50%. 
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TABLE 1 


SALIENT U.S. RHENIUM STATISTICS! 


(Kilograms, gross weight) 


2006 2007 
Production”? 8,100 7,100 
Apparent consumption® * 46,900 ' 48,100 ' 
Imports: 
Metal 22,000 30,500 
Ammonium perrhenate 24,300 15,100 


*Estimated. 'Revised. 


2008 2009. 2010 
7,900 5,600 6,100 
51,600" 37,100" 46,900 
35,900 21,500 23,100 
11,200 14,300 25,500 


!Data are rounded to no more than three significant digits unless otherwise specified. 
?Rhenium contained in molybdenite concentrates, based on calculations by the U.S. Geological Survey. 


Data are rounded to two significant digits. 


^Calculated as production plus imports minus exports and industry stock changes. 


TABLE 2 


U.S. IMPORTS FOR CONSUMPTION OF RHENIUM METAL, BY COUNTRY! 


mM 2900 2010 
Gross weight = Value Gross weight Value 
Country (kilograms) ^ (thousands) ^ (kilograms) (thousands) 
Canada 39 $73 10 $21 
Chile 20,100 47,200 21,900 50,200 
Germany 1,030 3,820 314 520 
Italy -- -- 89 584 
Netherlands 219 1,940 -- == 
Poland ES - 7 24 
United Kingdom 119 61 771 1,430 
Total 21,500 53,100 23,100 _ 52,800 
-- Zero. 


; Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau, as adjusted by the U.S. Geological Survey. 
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А | TABLE 3 
Pris [t | U.S. IMPORTS FOR CONSUMPTION OF AMMONIUM PERRHENATE, BY COUNTRY! 
2009 2010 
Gross weight Value Gross weight Value 
Country (kilograms) (thousands) (kilograms) (thousands) 
Canada -- -- 96 $275 
Chile 4,800 $361 -- -- 
Сегтапу -- -- 2,890 813 
Kazakhstan -- -- 4,590 3,530 
Mongolia 2,390 180 -- -- 
Netherlands І 4 2,850 1,250 
Poland "d 1,870 698 4,100 8,270 
Russia ЕЕЕ - -- 3,770 1,060 
United Kingdom 5,260 12,400 6,070 2,410 
Uzbekistan -- -- 1,090 308 
Total 14,300 13,700 25,500 17,900 
-- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau, as adjusted by the U.S. Geological Survey. 


TABLE 4 
RHENIUM: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 


(Kilograms) 
Country 2006 2007 2008 2009 2010 
Armenia 1,200 400 400 400 400 
Canada 1,200 1,200 1,600 1,000 ' 1,000 ? 
Chile? 19,800 22,900 27,600 25,000 25,000 
Kazakhstan 8,000 5,500 5,500 3,000 2,000 
Peru’ | | 5,000 5,000 5,000 5,000 5,000 
Poland 1,000 ' 2,400 ' 3,400 ' 2,400 ' 4,700 
Russia 1,400 1,500 1,500 1,500 1,500 
United States ' 8,100 7,100 7,900 5,600 6.100 
Uzbekistan NÀ NA NA NA P 
Other 1,000 1,500 2,000 1,500 1,500 
Total 46,700 47,500 54,900 45,400" 47200 


PPreliminary. "Revised. NA Not available. 

| World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown 

Table includes data available through June 27, 2011. | 
?Data also includes rhenium content from Belgium, Mexico, and the United States, processed at Molymet in Chile. 


"No rhenium is recovered in Peru, but unroasted molybdenum concentrates containing rhenium are exported 
Molymet in Chile for processing. ported to 


"Data based on new information from KGHM Ecoren S.A. Calculated based on 69.294 rhenium content of 
ammonium perrhenate. x 


SReported figure. 
"Calculated rhenium contained in molybdenite concentrates. Data rounded to two significant digits 
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SALT 
By Dennis S. Kostick 


Domestic survey data and tables were prepared by Martha L. Jackson, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


The United States was the world's leading salt producing 
nation until 2005, when China surpassed the United States to 
become the leading producing country in the world. Total U.S. 
salt production in 2010 decreased by 696 to 43 million metric 
tons (Mt) compared with that of 2009 (table 1). According to 
U.S. Geological Survey (USGS) data for 2010, 28 companies 
operated 60 salt-producing plants in 16 States. Of these, 

10 companies and 13 plants produced more than 1 Mt each 
and accounted for 91% and 69%, respectively, of total U.S. 
production and accounted for 6196 and 369^, respectively, 

of total value. Several companies and plants produced more 
than one type of salt. In 2010, 13 companies (25 operations) 
produced salt brine; 11 companies (15 operations), rock salt; 
9 companies (12 operations), solar-evaporated salt; and 7 
companies (17 operations), vacuum pan salt. 

The five leading States were, in descending order of total salt 
sold or used, Louisiana with 3296; Texas, 2196; New York, 1596; 
Kansas, 7%; and Utah, 596. Other Eastern States (Alabama, 
Michigan, Ohio, Tennessee, Virginia, and West Virginia) 
accounted for 1796 of the domestic total salt sold or used. Other 
Western States (Arizona, California, Nevada, New Mexico, and 
Oklahoma) represented 396 (table 5). 

Salt, also known as sodium chloride, comprises the elements 
sodium and chlorine. Sodium is a silver-colored metal that is 
50 unstable that it reacts violently in the presence of water, and 
chlorine is a greenish-colored gas that is dangerous and may be 
lethal, yet combined, these two elements form sodium chloride, 
which is a white-colored compound essential to life itself. 
Virtually every person in the world has some direct or indirect 
contact with salt daily. People routinely add salt to their food as 
a flavor enhancer or apply rock salt to walkways to remove ice 
in the winter. Salt is used as feedstock for chlorine and caustic 
soda manufacture. These two inorganic chemicals are used to 
make many consumer-related end-use products, such as polyvinyl 
chloride (PVC), a plastic made from chlorine, and paper-pulping 
chemicals manufactured from sodium hydroxide (caustic soda). 


Production 


U.S. production and sales data for salt are developed by the 
USGS from an annual voluntary survey of U.S. salt-producing 
Sites and company operations (table 2). Production refers to the 
quantity of salt mined or manufactured that is available for sale. 
Salt sold or used is the quantity of salt that was sold directly 
to customers or used by the salt producer, which usually is a 
chloralkali (chlorine and sodium hydroxide) manufacturer. The 
x In table 2 are rated capacities for mines and refineries as of 

ecember 3l, 2010. Rated capacity is defined as the maximum 
quantity of product that can be produced in a period of time on 
а normally sustainable long-term operating rate, based on the 
Physical equipment of the plant, and given acceptable routine 
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operating procedures involving energy, labor, maintenance, and 
materials. 

Of the 28 companies to which a canvass form was sent, 25 
responded, representing 92% of the totals shown in this report. 
Data for the nonrespondents were estimated based on their 
prior responses to previous annual surveys, the 2010 production 
estimate survey, or brine production capabilities for chloralkali 
manufacture based upon published chlorine production 
capacities [1.75 metric tons (t) of salt required per ton of 
chlorine capacity]. 

The structure of the U.S. salt industry has changed throughout 
the years. In 1970, 50 companies operated 95 salt-producing 
plants in the United States. Market competition, increased 
energy and labor costs, less expensive imports, fluctuations in 
currency exchange rates, and an excess of production capacity 
(resulting in the downsizing of the industry through mergers and 
acquisitions) reduced the number of operations in the industry to 
28 companies and 60 plants by 2009. 

The four types of salt that are surveyed are classified 
according to the method of recovery as follows: rock salt, from 
the surface or underground mining of halite deposits; solar salt 
from the solar evaporation of seawater, landlocked bodies of | 
saline water, or primary or byproduct brines; vacuum pan salt 
from the mechanical evaporation of a purified brine feedstock: 
and brine, from the solution mining of underground halite | 
deposits. Data for brine production and consumption represent 
the anhydrous salt content only and not the weight of the water 

Rock Salt.—Rock salt is mined by the room-and-pillar — 
method, which is similar to that used in coal and trona minin 
Additional information about rock salt mining can be found in 
the salt chapter in Minerals Yearbook 2006. 

Because the majority of rock salt was used for deicing 
the operating rate of rock salt facilities fluctuated with the 
demand for deicing salt, again dependent on the severity of 
winter weather conditions. During periods of strong demand 
production levels often achieve or exceed in certain situatio | 
the rated capacities. Full mine capacity generally is a funcion 
of the hoisting capabilities of the mine. Assuming that the " 
week is 5 days (250 workdays per year), two working 2. 
апа one maintenance shift per day, and at least one short-t 
planned turnaround for the mine and mill per year, table Ad 
the production capacities for domestic TOCk salt operati м 
2010, rock salt mining was 15.8 Mt, a 22% decrease icis 
with the 2009 total of 20.3 Mt. compared 

Solar Evaporation.—Solar salt producti ; 
2010, which was a 24% increase ^ ao ш 
Mt. Solar evaporation uses the wind and the sun ie: 2. 
the water and is an effective method of produci е 
in areas of high evaporation апа 1 = oe Solar salt 
OW Precipitation. Additj 
information about solar salt production can be fo di 2. 
salt Minerals Yearbook chapter. “ad Tn the 2006 
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Because evaporation rates must exceed the precipitation 
rates, the climatic conditions and geographic locations of solar 
evaporation facilities are critical to the successful production 
and harvesting of solar salt. Therefore, rated capacities in table 2 
generally are based on the historical evaporation patterns within 
a region and vary depending on the location and the surface 
acres of the evaporation ponds. Only unpredictable seasonal 
precipitation and market conditions usually affect the production 
rates of the facilities. 

Solution Mining.—U.S. salt brine production in 2010 was 
18.5 Mt, which was about 4% more than the 2009 total of 17.8 
Mt. The brine production capacities for table 2 are difficult to 
derive because they are based on the variabilities of the injection 
rate of the solvent and the solubility rates of the underground 
salt bodies, both of which determine the quantity of brine 
produced. In turn, these production levels are usually dependent 
on the demand for the products that the brine is being used 
to manufacture. Brine capacity is assumed to be equal to the 
amount of annual brine production. In order to avoid revealing 
company proprietary data, individual company brine capacities 
are not included in table 2. | 

Solution mining is used to obtain а sodium chloride feedstock 
for vacuum pan salt production and for chlorine, caustic 

soda, and synthetic soda ash (excluding the United States) 
manufacture. The quantity of underground salt dissolved and 
recovered as brine to make vacuum pan salt usually is not 
reported as primary salt production; only the quantity of vacuum 
pan salt manufactured is reported. The quantity of brine used 
to make chloralkali chemicals is reported as either the amount 
of captive brine used or brine sold. The chemical industry 
is the leading consumer of salt brine worldwide. Additional 
information about salt brine production can be found in the 2006 

i Yearbook chapter. | 
gorii Evaporation.— Vacuum pan salt is not mines 
but is a type of salt produced using mechanical т , 
technology. Vacuum pan salt production was 4.10 Mt in | | ; 
which was a slight increase compared with the 272 total o 
4.03 Mt. The mechanical evaporation of salt by the vacuum 
pan process is dependent on the number and Size of the vacuum 
crystallizers operating in series. Rated capacities in table 2 
are usually easier to establish because of the proven design 

the equipment. 

РЕЯ 2. salt, and salt brine may be used to | 
make vacuum pan salt, virtually all domestic vacuum pan salt 18 
obtained from solution mining of underground salt formations. 
Vacuum pan salt is obtained by dehydrating brine using heat 
alone or in combination with a vacuum. The grainer or т 
pan process uses open, rectangular pans with pi: | 
immersion coils to evaporate the water in the brine. The na 
product is usually flake shaped rather than the Гурка, cubic 
form. Flake salt is preferred for the production of baked goods, 
butter, and cheese. The Alberger process I$ à modified grainer 
operation that produces cubic salt with some flake salt. 

In October 2010, the Detroit Salt Co., LLC was acquired by 

the Kissner Group of Canada for an undisclosed price. The mine 
opened in 1906 and produced rock salt for deicing until about 
1982, when the operation closed. It was purchased in 1997 and | 
began operating as Detroit Salt. The Kissner Group was formed in 
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1878 and sold milled crops and agricultural salt products to local 
farmers. With the purchase of Detroit Salt, Kissner operates 14 
facilities in Canada and the United States (Duggan, 2010). 


Consumption 


In 2010, apparent consumption (salt sold or used plus imports 
minus exports) was 55.8 Mt, whereas reported consumption 
(sales or use as reported by the salt companies, including their 
imports and exports) was 48.6 Mt. Although these two measures 
of consumption are not necessarily expected to be identical, they 
normally are similar. Apparent consumption normally is greater 
than reported consumption because apparent consumption 
includes additional quantities of salt imported and exported 
by nonsalt-producing companies, such as some chloralkali 
operations and salt distributors. Reported consumption 
statistics are those reported only by the domestic salt producing 
companies. 

The direct and indirect uses of salt number about 14,000, 
according to industry sources. The USGS annually surveys eight 
major categories comprising 29 end uses. The 2010 reported 
percentage distribution of salt by major end use was chemicals, 
42%; ice control, 38%; distributors (grocery and other 
wholesalers and retailers, and so forth), 8%; agricultural and 
food processing, 4% each; general industrial and primary water 
treatment, 2% each; and other uses combined with exports, less 
than 1% (table 6). Distributors represented a substantial share 
of salt sales by the salt industry; all this salt is ultimately resold 
to many different end users. For a more complete analysis of 
end-use markets, specific sectors of distribution in table 6 can 
be combined, such as agricultural and water treatment with 
agricultural and water conditioning distribution, respectively. 

Aside from the different types of salt, there are various 
distinctions in the packaging and applications of salt. Salt for 
human consumption is packaged in different sized containers 
for several specialized purposes. Table salt may contain 0.01% 
potassium iodide as an additive, which provides a source of 
iodine that is essential to the oxidation processes in the body. 
Kosher salt, sea salt, condiment salt, and salt tablets are special 
varieties of salt. 

Chemical Industry.—For most years, the leading consumer 
of salt, primarily as salt brine, is the chemical industry. Salt 
brine is extracted from natural underground saline sources 
or solution-mined halite deposits (salt beds or salt domes), 
or produced through the dissolution of solar salt. Within a 
industry, the chloralkali sector remains the major ш | 
salt for manufacturing chlorine, coproduct sodium Oe te Ж 
(caustic soda), and synthetic soda ash. Since 1986, i ih 
domestic synthetic soda ash plant was closed because 


1 iti ы 4 pens! е 


soda ash, no synthetic soda ash has been i | ducc synt 
United States; many countries, however, still PI? E tock. Tota 
soda ash and use vast quantities of salt brine as я T a 2010 
salt sold or used by the chemical industry was 2 E 09M 
of which 19.1 Mt was for chloralkali manufacture 


was for other chemical uses (table 6). 


manufacture because it is an inexpe ben producto 
source of chlorine ions. For sodium hydro 
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nlii salt is the main source of sodium ions. Chlorine and caustic 

Жш soda are considered to be the first generation of products 

dis Mai made from salt. These two chemicals are further used to 
manufacture other materials, which are considered to be the 
second generation of products made from salt. Although 

I sig; MOSt salt brine is produced by the same companies that use 

‚йу 15 Many chloralkali manufacturers now purchase brine from 

ишу; Independent brine supply companies. In certain cases, brine is 

бйз produced by a chemical company that uses some of it and sells 

tay, the excess to neighboring competitors. According to industry 


pec 
sais sources, about 48% of the salt used to manufacture chlorine 


ТЕ was captive (produced by the chloralkali companies) and 31% 
= ы YS purchased brine; domestically purchased solar salt and rock 
ж salt made up 12% of the supply, and imported rock, solar, and 
Ha vacuum pan salt, 9%. 

меч In 2010, according to the U.S. Census Bureau, 9.72 Mt of 
ИЕ chlorine and 7.48 Mt of sodium hydroxide (caustic soda or lye) 
"T were produced in the United States (U.S. Census Bureau, 2010). 
x Based on the industry average ratio of 1.75 t of salt required 
Зав to produce 1.0 t of chlorine and 1.1 t of coproduct sodium 
Tes hydroxide, the chlorine and caustic soda industry consumed 
888 about 17.0 Mt of salt for feedstock. Reported consumption 
ше of total domestic and imported salt for chlorine manufacture 
han was 19.1 Mt (table 6). Typically, the difference between the 
nia calculated and reported quantities was the amount of salt not 
iiir reported to the USGS from imports or captive brine production 
а of chloralkali producers. In 2010, the difference of about 2 Mt 
им? have been because of unreported chlorine production data. 
wae Salt is also used as a feedstock in chemical plants that make 
ми? sodium chlorate, metallic sodium, and other downstream 
ви? chemical products. In powdered soaps and detergents, salt is used 
yt as a bulking agent and a coagulant for colloidal dispersion after 
mi? saponification. In pharmaceuticals, salt is a chemical reagent 

wi and is used as the electrolyte in saline solutions. It is used with 

155 sulfuric acid to produce sodium sulfate and hydrochloric acid. 

m The “Other chemical” subsector is relatively small, representing 
ве about 5% of domestic salt sales for the entire chemical sector and 
ж2 only 2% of total domestic salt consumption. The consumption of 
p% salt for metallic sodium has declined during the past several years. 

E.I. du Pont de Nemours and Co. was the sole manufacturer of 

ye’ metallic sodium in the United States. The domestic market for 

j5 metallic sodium decreased because sodium metal was по longer 
$; needed for the production of leaded gasolines. The leading use 

"2 Of sodium was for sodium borohydride production, which is the 
jf. feedstock for sodium dithionite used as a reductive bleaching 

if? agent by the pulp and paper industry. Sodium metal also is used 
j to manufacture sodium azide, which is used in automotive air 

ім bags. Other potential uses of sodium metal are in the remediation 
м Of chemical weapons, chlorofluorocarbons, pesticides, and 

б polychlorinated biphenyls. 

ij Ice Control and Road Stabilization. —1n 2010, U.S. 

ф Consumption of salt for this application was 18.7 Mt, which was 
j about 11% more than that of 2009. Additional imports of rock 

yt Salt by the salt companies were available if needed during 2010. 
4 За is an inexpensive, widely available, and effective ice 

о agent. It does, however, become less effective as the 

j emperature decreases below about 6.5 °C to 9.5 °C (15 °F to 

j 20 °F). At lower temperatures, more salt must be applied to 

j 
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maintain higher brine concentrations to provide the same degree 
of melting. Most winter snowstorms and ice storms happen 
when temperatures are between 4 ?C and 0 ?C (25 ?F and 

32 °F), the range in which salt is most effective. 

In highway deicing, salt has been associated with 
corrosion of bridge decks, motor vehicles, reinforcement 
bar and wire, and unprotected steel structures used in road 
construction. Surface runoff, vehicle spraying, and windblown 
actions also affect soil, roadside vegetation, and local 
surface water and groundwater supplies. Although evidence of 
environmental loading of salt has been found during peak usage, 
the spring rains and thaws usually dilute the concentrations of 
sodium in the area where salt was applied. 

The quantity of salt consumed for road deicing each year is 
directly related to the severity of the winter weather conditions. 
Long-range forecasting of salt consumption in this application 
is extremely difficult because of the complexities in long-range 
forecasting of the weather. 

Salt also is added to stabilize the soil and to provide firmness 
to the foundation on which highways are built. The salt acts 
to minimize the effects of shifting caused in the subsurface by 
changes in humidity and traffic load. 

Distributors. —A large amount of salt is marketed through 
various distributors, some of which specialize in agricultural 
and water treatment services—two sectors in which the salt 
companies also have direct sales (table 6). Distributor sales 
also include grocery wholesalers and (or) retailers, institutional 
wholesalers, U.S. Government resale, and other wholesalers and 
retailers. Total salt sold to distributors was 4.02 Mt in 2010. 

General Industrial. —The industrial uses of salt are diverse. 
They include, in descending order of quantity consumed, other 
industrial applications, oil and gas exploration, textiles and 
dyeing, pulp and paper, metal processing, tanning and leather 
treatment, and rubber manufacture. Total salt sold to these 
sectors was 931,000 t in 2010. 

In oil and gas exploration, salt is an important component 
of drilling fluids in well drilling. It is used to flocculate and 
increase the density of the drilling fluid to overcome high 
downwell gas pressures. Whenever a drill hits a salt formation 
salt is added to the drilling fluid to saturate the solution and t | 

2 22 | E о 
minimize the dissolution within the salt stratum. Salt is also 
used to increase the set rate of concrete in cemented casings 

In textiles and dyeing, salt is used as a brine rinse to E 
organic contaminants, to promote “salting out” of dyestuff e 
precipitates, and to blend with concentrated dyes to standa di 
them. One of its main roles is to provide the positive ion h = 
to promote the absorption of negatively charged ions of n ~ 

In metal processing, salt is used in concentrating urani a 
: ; Ium ore 
into uranium oxide (yellow cake). It also is used in Госа 
aluminum, beryllium, copper, steel, and vanadium ыы 

s bs du and paper Industry, salt is used to bleach wood 
pulp. It also 1s used to make sodium chlorate which is ad 
along with sulfuric acid and water to manufacture hl =“ 
dioxide, an excellent oxygen-based bleach; 2 

ae ing chemical] 
The chlorine dioxide process, which ori i i | 
after World War 1, is becomin Binated in Germany 
, 8 more popular because of 


environmental pressures to reduce or eliminate chlori 
bleaching compounds. паве 
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In tanning and leather treatment, salt is added to animal hides 
to inhibit microbial activity on the underside of the hides and 
to attract moisture back into the hides. In rubber manufacture, 
salt is used to make buna, neoprene, and white types. Salt brine 
and sulfuric acid are used to coagulate an emulsified latex made 
from chlorinated butadiene. 

Agricultural Industry.—Barnyard and grazing livestock need 
supplementary salt rations to maintain proper nutrition. In 2010, 
1.84 Mt of salt was sold to the agricultural industry. Animal 
feed and water conditioning salt are made into 22.7-kilogram 
(50-pound) pressed blocks. Iodine, sulfur, trace elements, and 
vitamins are occasionally added to salt blocks to provide nutrients 
not found naturally in the diet of certain livestock. Salt is also 
compressed into pellets that are used for water conditioning. 

Food Processing.—Every person uses some quantity of 
salt in food. Approximately 80% of the sodium intake by 
people comes from processed and prepared foods. Aside from 
table salt, sodium is found in many processed foods, such as 
monosodium glutamate and baking soda. The salt is added to 
the food by the food processor or by the consumer as a flavor 
enhancer, preservative, binder, fermentation-control additive, 
texture-control agent, and color developer. This major category 
is subdivided, in descending order of salt consumption, into 
other food processing, meat packers, canning, baking, dairy, and 
grain mill products. Total salt sold for food processing was 1.76 
Mt in 2010 (Los Angeles Times, 2010). 

In meat packing, salt is added to processed meats to promote 
color development in bacon, ham, and other processed meat | 
products. As a preservative, salt inhibits the growth of bacteria, 
which would lead to spoilage of the product. Salt acts as a binder 
in sausages to form a binding gel made up of meat, fat, and 
moisture. Salt also acts as a flavor enhancer and as a tenderizer. 

In the dairy industry, salt is added to cheese asa color-, 
fermentation-, and texture-control agent. The dairy subsector 
includes companies that manufacture creamery butter, 
condensed and evaporated milk, frozen desserts, ice cream, 
natural and processed cheese, and specialty dairy products. 

In canning, salt is primarily added as a flavor enhancer and 
preservative. It also is used as а carrier for other ingredients, 
dehydrating agent, enzyme inhibitor, and tenderizer. | 

[n baking, salt is added to control the rate of fermentation 
in bread dough. It also is used to strengthen the gluten (the 
elastic protein-water complex in certain doughs) and as a flavor 
enhancer, such as a topping on baked goods. 

The food-processing category also contains grain mill products. 
These products consist of milling flour and rice and manufacturing 
cereal breakfast food and blended or prepared flour. 

In the *other food processing" category, salt is used mainly 
as a seasoning agent. This category includes miscellaneous 
establishments that make food for human consumption (such 
as potato chips and pretzels) and for domestic pet consumption 
(such as cat and dog food). 

Many consumers are confused with the words salt and sodium 
and often think the two words are synonymous, but they are not. 
Medical experts agree that the daily sodium intake per person 
should be 2,300 milligrams (mg) or less, which is the equivalent 
of one teaspoon of salt, or 5.8 grams (gm). Each gram of salt 
contains 0.4 gm of sodium, and one gram of sodium is equal to 
2.5 gm of salt (Downs, 2010; ScienceDaily, 2010). 
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A study in the New England Journal of Medicine (NEJM) in 
January stated that cutting dietary sodium by three grams daily 
could reduce coronary heart disease and strokes. The report 
claimed that if everyone reduced their daily salt intake by one- 
half teaspoon, there would be between 54,000 and 99,000 fewer 
heart attacks, between 32,000 to 66,000 fewer strokes, between 
44,000 and 92,000 fewer deaths, and between 60,000 to 120,000 
fewer new cases of coronary heart disease in the United States 
each year. In addition, the salt reduction would result in an 
annual savings of $24 billion in health care costs 
(Bibbins-Domingo and others, 2010). 

The NEJM study received support by the New York City 
Department of Health and Mental Hygiene that endorsed draft 
guidelines that recommended a reduction of salt intake by 
2094 during a 5-year period. The recommendations also were 
endorsed by 25 other city or State agencies and 17 national 
health organizations (Caruso, 2010; Felten, 2010). 

In an effort to address the concerns of excess sodium in 
the diet by the medical community and various government 
agencies, several major food processing companies voluntarily 
agreed to reduce the salt content in their processed foods. 
These companies found that consumers responded better to 
reducing their sodium intake when the sodium content was nol 
emphasized on the labels. Foods that contained more than 500 
mg of sodium per 100 gm were considered to be “high sodium’ 
while foods with less than 120 mg of sodium per 100 gm were 
“low sodium.” Many of the food processing companies began a 
effort to reduce the salt content in their food products by about 
20% during a 3-year period as recommended by the NEJM 
study, so that the changes were not so noticeable 
(Brat and Tamman, 2010; RedOrbit Inc., 2010). 

Many food processors began to use sea salt in their foods as 
a replacement for vacuum pan salt (table salt) as a more natural 
and healthy alternative. By weight, sea salt and table salt contam 
about the same amount of sodium chloride, and both have the 
same basic nutritional value. Sea salt is advertized and marketed 
as containing beneficial trace elements contained in wae | 
According to the Mayo Clinic, these trace elements are virtually 
insignificant for human health but do add some flavor, = 
crystal size, and color to the sea salt compared with the tat m 
salt that eliminates trace minerals and adds iodine and various 
free-flowing agents (Phillips, 2010; Zeratsky, 2010). 

Water Treatment. —Many areas of the United States e 
hard water, which contains excessive calcium and н 
ions that contribute to the buildup of a scale or film ofa 

| its | | ја! equipment an 
mineral deposits in household and industrial едир е : 

| 4 | i „softening units US 
pipes. Commercial and residential water-s E eum 
salt to remove the ions that cause the hardness. The 500 ІК 
| «changed for the calcium 
ions captured on a resin bed are exchang co units musth = 
magnesium ions. Periodically, the а a p xad 
recharged because the sodium ions become in im ions. ШЙ A^ 
and dissolved, and brine replenishes the lost sodit 
913,000 t of salt was sold for primary wate 
additional 461,000 t was sold for water con 
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ШЙ of salt stockpiled by the salt industry are not reliable enough to 
| iy formulate accurate inventory totals; however, yearend stocks of 
ad оу producers were estimated to be 2 Mt, and consumer inventories 
tli also were estimated to be high. Most of these inventories 

tlli were imported rock salt and solar salt. Many salt distributors, 
Divi municipalities, road deicing contractors, salt producers, and 
ikti States stockpiled additional quantities of salt in anticipation 
клина of adverse weather conditions. Deicing salt inventories were 
Wills reduced by yearend 2010 because of moderately severe winter 
lm weather during late 2010. For the reasons discussed above, salt 
| Stocks are assumed to be the difference between salt production 
yita and salt sold or used in calculating apparent consumption. 
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Because the locations of the salt supplies are not often 
near consumers, transportation may be an important cost. 
Pumping salt brine through pipelines is an economic means 
of transportation but cannot be used for dry salt. Large bulk 

" shipments of dry salt in ocean freighters or river barges are low 

ШЕР in cost but are restricted in points of origin and consumption. 
І pe River and lake movement of salt in winter is often severely 
ЧЕ? curtailed because of frozen waterways. As salt is packaged, 
йр handled, and shipped in smaller units, the costs increase and are 
08027 reflected in higher selling prices. 
git Transportation costs significantly add to the price of salt. In 
бир some cases, shipping costs are higher than the actual value of 
ш? the salt. Ocean vessels can transport greater quantities of salt 
WF" than barge, rail, or truck shipments. Transoceanic imports of 
ЇЙ salt have been increasing in some areas of the United States 
i because they are more cost competitive than salt purchased from 
ШІ domestic suppliers using barge, rail, or truck transportation. One 
it important factor that often determines the quantity of salt that 
ai can be imported is the depth of the channels and the ports; many 
1а ports are not deep enough to accommodate larger ships. 

i 
Prices 

i. 
б The four types of salt that are produced have unique 
M" production, processing, and packaging factors that determine the 
" selling prices. Generally, salt sold in bulk is less expensive than 
" ч that has been packaged, pelletized, or pressed into blocks. 

ү alt in brine IS the least expensive salt sold because mining and 
Г. Processing costs are less. Vacuum pan salt is the most expensive 
j because of the higher energy costs involved in processing and 
б ће purity of the product. 
и Price quotations аге not synonymous with average values 
й reported to the USGS. The quotations do not necessari ly 
| represent prices at which transactions actually took place, or bid 
| ты dd) prices. The annual average values, as collected by the 
on we listed in table 8, represent a national average value 
у ch of the types of salt and the various product forms. 


/ Foreign Trade 

4 Under Harmonized Tariff Schedule of the United States 
(HTS) nomenclature, imports are aggregated under one category 
named “Salt (including table and denatured salt) and pure 
sodium chloride, whether or not in aqueous solution, seawater." 


; The same classification also applies to exports. The HTS code 
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for salt is 2501.00.0000. The trade tables in this report list the 
previous and current identification codes for salt. Although 
several other HTS codes pertain to various salt classifications, 
the United States aggregates shipments under one code because 
the sums of individual subclassifications fail to meet the 
minimum dollar requirements necessary for individual listings. 
Based on U.S. Census Bureau data for 2010, the United States 

exported 595,000 t of salt; this was a 59% decrease compared 
with that of 2009 (table 9). In 2010, the majority of exports 
(7696) were to Canada. Salt was shipped to 30 countries through 
21 customs districts; the Detroit, MI, district exported the most 
and represented 32% of the U.S. total (table 10). Based on U.S. 
Census Bureau statistics, the United States imported 12.9 Mt of 
salt from 39 countries in 2010, which was 12% less than was 
imported during 2009 (table 11). Chile was the leading source 
of imports, representing about 39% of total imports, followed 
closely by Canada (33%). Table 12 lists the imports of salt by 
customs districts. Of the 40 customs districts that imported salt 
in 2010, the New York, NY, customs district was the largest in 
terms of tonnage, accounting for about 1696 of the total, followed 
by Baltimore, MD (13%); Philadelphia, PA (1296); Boston, МА: 
(976); Chicago, IL (776); Detroit, MI (796); and Ogdensburg, 

NY (676). The quantity of imported salt was about 22 times 

that of exports. Net salt imports also represented about 23% of 
U.S. apparent consumption. This indicates the magnitude of 

the U.S. reliance on salt imports. The majority of imported salt 
was brought into the country by foreign subsidiaries of major 
U.S. salt producers. Generally, imported salt can be purchased 
and delivered to many U.S. customers at prices lower than the 
comparable domestic product because production costs are lower 
abroad, currency exchange rates may cause the price of imported 
salt to be lower than the price of domestic salt, and ocean freight 
rates are less expensive than overland rail or truck rates. 


World Review 


Table 13 lists world salt production statistics for 113 nations 
based on reported and estimated information. In 2010, the 
total estimated world production increased to about 280 Mt 
The United States remained a leading salt-producing country 
representing 15% of total world output. China has rapidly | 
increased its production. In 2010, estimated salt production in 
China was about 63 Mt, making it the leading salt producer 
the world, or about 2296 of total world output. " 

Most countries possess some form of salt production 
capability, with production levels set to meet t 
requirements and with additional quantities available for e 
to other countries. Many developing nations tend to devel i 
their agricultural resources to feed their population first = 
Utilization of easily extractable mineral res | 
salt is one of the first mineral commodities 
countries, such as the United States, 
of salt to meet total demand require 
factors, as previously discussed. 

Salt Investment S.A. pl 
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Djibouti t h | Ар" 

j о Serve the markets in eastern Africa. However 


the project was indefinitely sus i 
2 . pended 
insufficient funds (Feytis, 2010). іп March because of 
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Outlook 


The U.S. salt industry continued to be a leader in terms of 
production, consumption, and world trade in salt. Despite the 
closing and idling of some chlorine plants since 2007 and the 
Nation's economic problems, the remaining chlorine facilities 
ran at higher capacity utilization rates, thereby increasing 
chlorine and caustic soda production as well as salt brine 
production and consumption. Because the chloralkali industry 
is energy intensive, any increase in energy prices is likely to 
reduce chlorine manufacture as well as salt brine usage. Solar 
salt and vacuum pan salt production and consumption have been 
constant and are expected to remain stable. U.S. salt production 
is expected to remain at the 2010 level through 2015. Rock 
salt production and consumption are heavily dependent on the 
severity of winter weather. Although the severity of the weather 
is virtually impossible to accurately forecast far in advance, the 
supplies of salt, from either domestic or imported sources, are 
more than adequate to meet any anticipated increase in demand. 

Because salt is a relatively low-value commodity, the shipping 
cost for oceanic, rail, or truck transportation can be an important 
determining factor when attempting to secure supply sources 
from either domestic or foreign locations. If energy prices 
increase, one mode of transportation may be more cost-effective 
than others. Excluding deicing salt, domestic salt consumption 
may fluctuate but is likely to continue to increase in accordance 
with population growth. U.S. total salt production 15 expected to 


be an estimated 44 Mt in 201 l. 
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United States: 

Production: 
Brine 
Rock 
Solar 


Vacuum and open pans 


Total 


Sold or used by producers: 


Quantity 
Value 


Exports: 
Quantity 


Value 


Imports for consumption: 


Quantity 
Value 
Consumption: 


Apparent? 
World, production 
“Estimated. ‘Revised. 


TABLE | 


SALIENT SALT STATISTICS' 


(Thousand metric tons and thousand dollars) 


2006 


19,800 
16,500 
3,640 
4,450 
44,400 


40,600 
1,310,000 


973 
54,900 


9,490 
163,000 


49,100 
42,400 


261,000 ' 


2007 


19,700 
16,800 
3,650 
4,420 
44,500 


45,500 
1,520,000 


833 
59,600 


8,640 
171,000 


53,300 
53,200 


266,000 ' 


2008 


18,900 
20,900 
4,070 
4,200 
48,000 


47,400 
1,690,000 


1,030 
65,900 


13,800 
282,000 


60,200 
53,100 


276,000 ' 


2009 


17,800 
20,300 
3,880 
4,030 
46,000 


43,100 
1,750,000 


1,450 
74,100 


14,700 
337,000 


56,400 
45,000 


279,000 "° 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


?Excludes Puerto Rico. 


*Sold or used plus imports minus exports. 


2010 


18,500 
15,800 
4,830 
4,100 
43,300 


43,500 
1,690,000 


595 
69,300 


12,900 
322,000 


55,800 
48,600 


280,000 * 
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TABLE 2 
U.S. SALT COMPANIES BY PRODUCTION CAPACITY, LOCATION, AND TYPE IN 2010 


(Thousand short tons) 


а аи 
Vacuum and 

—— Company Қо бојаг —  openpans Brine | 

American Rock Salt Co., Hampton Corners, NY 4,500 -- - - 


SIMON. etii a Вк == 350 (1) 
Avery Island, LA 2.700 = _ б 
Breaux Bridge, LA - -- 200 -- 
Cleveland, ОН 4,000 >. Е 7 2. 
Freedom, ОК " 300 _ 

ROT ТЫП; ee - Е : 

Lansing, МУ 2,400 И | 
Hutchinson, KS ЕН 
Newark, CA e 150 
St. Clair, MI T 
Watkins Glen, NY МЕ 

Corpus Christi Brine Services, Inc., Benavides, TX эё = х (1) 

Detroit Salt Со. LLC, Detroit, МІ 1,500 = КЕ s 

Dow Chemical Co., The: 
Freeport, TX 
Plaquemine, LA 

E.I. duPont de Nemours, New Johnsonville, TN РА 

Huck Salt Co., Fallon, NV 

Hutchinson Salt Co., Hutchinson, KS 750 

Independent Salt Co., Kanapolis, KS 

Key Energy Services, LLC, Hobbs, NM 

Lyons Salt Co., Lyons, KS 

Moab Salt, Inc., Moab, UT 

Morton International, Inc.: 

Fairport, OH 
Glendale, AZ 

Grand Saline, TX 
Grantsville, UT 
Manistee, MI 
Rittman, OH 

Silver Springs, NY 
South Hutchinson, KS 
Weeks Island, LA 

The Mosaic Co., Hersey, МР | 

New Mexico Salt and Mineral Corp., Loving, NM -- = 

North American Salt Со.* 

Cote Blanche, LA 3,500 = a 
Lyons, KS EE өт 
Ogden, иг Е = 

Occidental Chemical Corp., Wichita, К$° 2 -- (1) 

Olin Corp., McIntosh, AL " (1) 
Рае, МУ Ир A m (1) 

_ Napolenvill А о E (1) 

PPG Industries, Inc.: 

_Lake Charles, LA : 5 0) 
New Martinsville, WV = Т _ Е (1) 


Redmond Clay & Salt Co., Inc., Redmond, UT 150 + = 
О ee dick c Fe i SOE ыз. Sa eS RERO CC 


See footnotes at end of table. 
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TABLE 2—Continued 
U.S. SALT COMPANIES BY PRODUCTION CAPACITY, LOCATION, AND TYPE IN 2010 


(Thousand short tons) 


Vacuum and 


Company Rock Solar open pans Brine 


Searles Valley Minerals, Inc., Trona, СА“ 
South Bay Salt Works, Chula Vista, CA? 


Tetra Technologies, Inc., Amboy, CA -- 
Texas Brine Corp.: 
Beaumont, TX -- 
Сһасаһоша, ГА -- 
Clemville, TX -- 
Corpus Christi, TX -- 
Houston, TX -- 
_ LaPorte, TX = 8 (1) 
Wyoming, NY -- - -- (1) 
US Salt L.L.C., Watkins Glen, NY -- -- 335 (1) 
Union Texas Products Corp., Plaquemine, LA -- -- -- (1) 
United Salt Corp.: 
Baytown, TX -- -- 
Carlsbad, NM -- 400 e Z 
Hockley, TX 150 -- = A 
Saltville, VA -- -- 200 = 


Total production capacity 25,200 5,150 5,750 20,400 


-- Zero. 

‘Includes brine for sale and for captive use. Individual brine capacity is assumed to be equal to the quantity of 
annual brine production, and therefore, considered company proprietary data. Brine producers include those 
chloralkali producers that produce captive brine and companies that supply brine for chloralkali manufacture, 
oil field chemicals, etc. Total brine production capacity is the quantity of brine produced for the year. 
"Formerly Rowland Trucking Co., Inc.; then became Yale Е. Key, Inc. 

"Sells salt to North American Salt Co. 

“Owned by Compass Minerals, Inc. 

"Owned by Compass Minerals; operated by Great Salt Lake Minerals Corp, 

Formerly Vulcan Chemical Co. 

"Associated with Texas Brine Corp. 

SF ormerly Pacific Salt and Chemical Co. 

?Formerly Western Salt Co. 


Source: U.S. Geological Survey. 
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TABLE 3 
SALT PRODUCED IN THE UNITED STATES, BY TYPE AND PRODUCT FORM! 


(Thousand metric tons) 


III эшн и a Зе аА 


Vacuum 
and 
Product form open pans Solar Rock Brine Total 

2009: 
Bulk 934 2,990 19,600 17,800 41,400 
Compressed pellets 1,220 330 XX XX 1,550 
Packaged 1,730 465 522 XX 2,720 
Pressed blocks 140 91 156 XX 387 
Total 4,030 3,880 20,300 17,800 46,000 

2010: 
Bulk 959 3,880 15,500 18,500 38,800 
Compressed pellets 1,230 326 XX XX 1,560 
Packaged 1,770 532 330 XX 2,640 
Pressed blocks 138 92 67 XX 297 


————————————— o9 92 6 ХХ 297 
Total 4,100 4,830 15,800 18,500 43,300 
XX Not applicable. 


Data are rounded to no more than three significant digits; may not add to totals shown. 


TABLE 4 
SALT SOLD OR USED IN THE UNITED STATES, BY TYPE AND PRODUCT FORM"? 


(Thousand metric tons and thousand dollars) 


ааа 


ореп рапѕ Solar Rock Brine Total 


EE LL Im 
Product form Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 
2009: 


к CER 
Bulk 763 83,200 1,690 63,900 17,600 595,000 17,800 140,000 37,800 жон 


POI MM 
. Compressed pellets 1200 215,000 403. 60,700 хх хх XX XX 1,00 ^7 
Packaged: 

. Packaged: — — —— 


Less-than-5-pound units | 358 NA ] МА 36 МА XX XX 395 x 
More-than-5-pound units 1,510 NA 921 NA 457 NA XX XX 2,890 x 
Total 1,870 385.000 922 92700 493 56,100 XX xx 3280 ЭМЕ 
Pressed blocks: 
For livestock 116 NA 129 NA 15] NA XX XX 299 е 
For water treatment 16 NA 1 МА 3 МА XX XX 2 t 
Total 132 18,800 130 18000 154 17,200 XX XX 46 5 
Grand total 3960 70200 3,140 235,000 18,200 668,000 17,800 140000 43,100 175000 
2010: 
Bik о 750 83100 3,350 104000 16000 542,000 18,500 138,000 38500 8700 
_ Compressed pellets 1,230 219,000 399 53,500 XX XX XX xx 160 2200 
Packaged: ыы ,Ы,—оо 3 
Less-than-5-pound units - 270 NA 31 МА 6 МА хх к^ i i 
More-than-5-pound units 1,630 NA 717 NA 301 NA XX XX 2,640 000 
Pressed blocks: Дн 
For livestock 128 NA 131 NA 69 NA XX XX B * 
For water treatment 10 NA 3 NA ] NA XX ХХ _ ед р 
Total 139 109,700 134 14,700 70 11,000 XX XX 40 


а 90,000 
Grand total 4020 718,000 4,4640 244000 16300 587,000 18500 138000 4550 1 %— 
NA Not available. XX Not applicable. СЛС 


may not add to totals shown. 


2 | | ; 
As reported at salt production locations, the term “sold or used" | 


indi ine. i i tive purposes 
indicates that some salt, usually salt brine, is not sold but is used for captive P 4 
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TABLE 5 
SALT SOLD OR USED BY PRODUCERS IN THE UNITED STATES, 
BY 5ТАТЕ 2 


(Thousand metric tons and thousand dollars) 


State Quantity 

Kansas 2,710 

Louisiana = 13200 
New York 6,240 
Texas / 8910 
Utah 2000 
Other Eastern States? 8,680 

Other Western States" 1,380 

Total = 43,00 
Puerto Rico’ 45 


“Estimated. 


2009 


l, 


Value 
188,000 
229,000 
426,000 
164,000 
152,000 
480,000 
107,000 
750,000 
1,500 


Quantity 
3,080 
14,100 
6,460 
9,130 
1,940 
7,440 
1,340 
43,500 
45 


2010 


l, 


Value 
194,000 
234,000 


442,000 


173,000 
100,000 
437,000 
107,000 
690,000 

1,500 


'Data are rounded to no more than three significant digits; may not add to 


totals shown. 


“Тһе term “sold or used” indicates that some salt, usually salt brine, is not 
sold but is used for captive purposes by plant or company. 


*Includes Alabama, Michigan, Ohio, Tennessee, Virginia, and West Virginia. 


“Includes Arizona, California, Nevada, New Mexico, and Oklahoma. 
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TABLE 6 


DISTRIBUTION OF DOMESTIC AND IMPORTED SALT BY PRODUCERS IN THE UNITED STATES, BY END USE AND TYPE 


(Thousand metric tons) 


Standard Vacuum 


industrial and open pans Solar Rock 


Brine Total 


End use classification 2009 2010 2009 2010 2009 2010 2009 2010 2009 20 
Chemical: 
Fr ee pe, ои. 


Chloralkali producers 


2812 82 89 306 299 527 653 15,700 18,100 16700 1918 
Other chemical 28 (excludes 2812, 
2899) 205 232 200 188 832 668 6 | 1240 је 
Total 287 321 506 486 1,360 1,320 15,800 18,100 17900 2020 
Food-processing industry: 
Meat packers 201 205 219 42 33 24 22 - - m m 
_ Dairy 202 120 155 | Т 5 5 - - № m 
Canning 2091, 203 157 198 28 32 30 29 - - 25 8 
Baking 205 308 346 3 5 12 13 = - M H 
Grain mill products 204 (excludes 2047) 85 96 5 9 9 8 sl E UB 
Other food processing 206—208, 2047, 493 406 103 93 77 80 | | e. M 
2099 
Total 1,370 1,420 193 184 158 157 | г 1720 10 
General industrial: 
Textiles and dyeing 22 15 19 30 35 5 (4) (4) a - 
Metal processing 33, 34, 35, 37 4 5 1] 11 10 (4) (4) 2 à 
Rubber 2822, 30 (excludes 6 
3079) 2 3 () (a) 2 2 (4) 5 
Oil 13,29 62 67 162 13 80 109 | DE А 
Pulp and paper 26 9 8 31 32 18 19 = 24 я ) 
. Tanning and (or) leather 311 l 1 8 11 22 27 Y У D 
Other industrial XX 120 110 87 9] 104 216 o o wi 
Total . 213.213. 329 за 2e 38: po V m 
Agricultural: ee ЕЮ 130 
Feed retailers and (or) dealers mixers 5159 384 340 381 353 547 637 = - 1,310 15 
Feed manufacturers ps 2048 42 S0 84 89 252 285 = 2 377 : 
Direct-buying end user Á 02 3 4 8 7 10 74 SA - = 1,840 
Total __429 _ 394 4D 439 — 800 96  - = AN 10 
. Government (Federal, State, local) _ 2899 41 47 297 369 68 170 - ; ө x 
. Commercial or other 2899 123 63 341 143 128 109 9 7 913 
Tw MEN | 164 _ 110 638 50 197 279 | A. 
Ice control and (or) stabilization: SUI MEE же Ди 
.. Government (Federal, State, local) 962] 4 4 482 480 13,800 15,300 үз ; 65) 2,840 
Commercial or other XX 39 56 323 275 2,290 2,510 — — — op n 
Total | 43 60 805 755 16,000 17,900 = —— 
Distributors: gie өн) qi ататын an 
. Agricultural distribution _ $191 72 74 135 127 151 158 v ы 412 1 
Grocery wholesalers and (ог) retailers 514,54 493 432 230 215 89 113 4; 2 9 
Institutional Wholesalers and end users 58, 70 121 127 64 70 156 118 4) У 469 46 
Water-conditioning distribution 7399 136 143 315 303 16 13 l ; | | 
U.S. Government resale | 9199 (4) (4) (4) (4) | (4) "+ А 1.930 2,120 
Other wholesalers and (or) retailers 5251 769 854 904 968 258 299 m EE NET) 
.. Total | 1,599 1480 150 1 680 671 702 2 2 EN. 
Other _ 50 l6 164 3 557 2 292 № ТИТ 
: zt x 4,150 4,160 4,760 4,390 20,000 21,700 16,100 18,400 45, 
-- Zero. дај сә ве 


1 
Data are rounded to no more than three signifi 


“Тһе quantity of imports included in the total fo 
Bureau that appears in tables 1, 9, 10, 11, and 12. 
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cant digits; may not add to totals shown. 


; he U.S. Census 
r each type of salt is the amount reported by the U.S. salt industry, not the quantity reported by t 


010 
RBOOK—? 
U.S. GEOLOGICAL SURVEY MINERALS YEA 


EE мд ЕЕЕ 


TABLE 6—Continued 
3 BY Dy DISTRIBUTION OF DOMESTIC AND IMPORTED SALT BY PRODUCERS IN THE UNITED STATES, BY END USE AND TYPE? 


"Because data include salt imported, produced, and (or) sold from inventory from regional distribution centers, data for salt sold or used by type may differ from 


totals shown in tables 1, 3, and 4, which are derived from plant reports at salt production locations. Data may differ from totals shown in table 6 because of 
changes in inventory and (or) incomplete data reporting. 

= S d "Less than % unit. 

ом, 


— . Includes exports. 


EU EU 


No es 
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TABLE 7 
DISTRIBUTION OF DOMESTIC AND IMPORTED EVAPORATED AND ROCK SALT IN THE UNITED STATES, BY DESTINATION"? 


(Thousand metric tons) 


2009 2010 
c hoc 


— 


Evaporated Evaporated 
Vacuum and Vacuum and 
Destination open pans Solar Rock Total open pans Solar Rock Total 
Alabama 42 7 52 101 4l 9 45 95 
Alaska 3 2 -- 5 3 3 - 6 
Arizona 12 110 1 123 12 112 1 125 
Arkansas 46 6 56 108 48 6 49 103 
California 196 754 6 956 197 548 2 747 
Colorado 11 66 10 87 12 85 58 156 · 
Connecticut 16 115 115 245 17 165 15] 332 
Delaware 11 10 2 23 9 9 3 22 
District of Columbia (3) 33 2 35 (3) 43 9 52 
Florida 71 215 4 291 68 198 3 269 
Georgia 103 55 36 195 105 74 60 238 
Hawaii 13 55 (3) 69 (3) 2 - 2 
Who 4--- 8 39 (3) 48 21 90 (3) Ш 
Illinois 318 99 2,170 2,590 332 105 2,340 2,780 
аа — — 249 121 729 1,100 254 108 923 1,290 
Лома 525202 --- 127 99 434 659 128 102 604 85 
Kansas 76 44 1,140 1,260 78 45 859 983 
Kentucky 64 7 830 900 72 7 1,160 1,240 
Louisiana 66 4 235 306 51 7 216 274 
Maine | 15 8 148 172 20 6 73 9 
Maryland SSS 77 167 20 264 83 161 159 403 
Massachusetts 32 48 302 382 32 43 238 33 
Michigan 268 42 1,950 2,260 269 38 1,740 2,050 
Minnesota — 0-7 114 223 635 973 120 206 766 1,090 
Mississippi ^ —— 21 4 174 198 22 5 197 24 
Missouri |  — 119 71 414 604 112 75 532 d 
Маша — 68 (3) 69 l 64 6) 6; 
Nebraska I T TIE 56 39 23 118 56 43 145 244 
Мау) — 4 211 19 235 4 226 27 258 
New Hampshire о I5 108 53 176 15 56 42 и 
New Jersey 104 118 112 334 105 107 118 330 
New Mexico 20 133 (3) 153 21 192 (3) 2 
NewYork 179 35 3,060 3,280 176 30 2,850 М9 
North Carolina | 113 97 74 283 107 108 170 386 
North Dakota 16 15 6 37 23 17 8 b 
ово 426 40 2,090 2,550 422 44 2,710 3,180 
Oklahoma ~~~ 30 27 62 119 30 30 122 E 
Oregn — 19 39 59 19 38 (3) ч 
Pennsylvania 172 76 1920 2,70 181 119 — 2180 2480 
Rhode Island $- и | 2 P 71 (3) В 
South Carolina EM 44 9 2 55 45 31 2 78 
South Dakota PM 23 54 9 86 24 51 6 8l 
Tennessee | 123 6 366 495 110 6 539 656 
c RM 278 158 209 ' 646 293 168 315 x 
аы ср 14 307 10 331 15 261 10 Ж 
Vermont 5 | 218 x 5 | 202 209 
Ша 88 77 117 281 99 121 276 idi 
Washington 25 134 ] 159 25 124 17 > 
West Virginia 20 7 147 173 26 5 iis 4% 
See footnotes at end of table. 
63.14 ШЕШ 
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КЕ; TABLE 7—Continued 


DISTRIBUTION OF DOMESTIC AND IMPORTED EVAPORATED AND ROCK SALT IN THE UNITED STATES, BY DESTINATION"? 


(Thousand metric tons) 


1р ~ 
на, 
| О 
= Evaporated — ра ——— S — —— —— 
m 1 Vacuum and Vacuum and 
{ Destination open pans Solar Rock Total open pans Solar Rock Total 
Wisconsin 199 158 1,520 1,870 186 155 1,340 1,680 
Б Wyoming | 1 47 (3) 49 2 64 (3) 66 
5 Other" 86 164 555 804 65 | 14 79 
| Total’ 4,150 4,760 20,000 28,900 4,160 4,390 21,700 30,300 
4 !Data are rounded to no more than three significant digits; may not add to totals shown. 
|: ?Each salt type includes domestic and imported quantities. Brine is excluded because brine is not shipped out of State. 
! "Less than ¥ unit. 
| | “Includes shipments to overseas areas administered by the United States, Puerto Rico, exports, and some shipments to unspecified destinations. 
| "Because data include salt imported, purchased, and (or) sold from inventory from regional distribution centers, data for evaporated and 
i rock salt distributed by State may differ from totals shown in tables 1 and 3, which are derived from plant reports at salt production 
locations. Data may differ from totals shown in table 5 because of changes in inventory and (or) incomplete data reporting. 
i 
"M. 
n 
ih 
8! 
A : 
y 
7 ТАВІЕ 8 
Bc AVERAGE VALUE OF SALT, BY PRODUCT FORM AND ТҮРЕ"? 
N 
Ы (Dollars per metric ton) 
ж. 
и. Vacuum 
ЈУ and 
| Product form open pans Solar Rock Brine 
К 2009: 
5 Bulk 109.05 37.84 33.90 7.85 
: Compressed pellets 180.00 150.42 XX хх 
Packaged 206.27 100.56 11374 ХХ 
| | Average’ 178.67 72.09 36.08 7.85 
Pressed blocks _ 14257 _ 13806 1179 ХХ 
Е 2010: 
| Bulk 110.83 3109 33.95 749 


177.44 134.10 XX XX 


Compressed pellets 
209.19 95.33 110.96 XX 


Packaged 
Average” 180.08 50.90 3540 7.49 
Pressed blocks 141.56 11027 15822 ХХ 


XX Not applicable. 

'Net selling value, free on board plant, excluding container costs. 

Рав are rounded to no more than three significant digits; may not add to 
totals shown. 

Збај value data reported prior to 1984 were an aggregate value per metric 
ton of bulk, compressed pellets, and packaged salt. For time series 
continuity, an average of these three types of product forms is presented 
that is based on the aggregated values and quantities of the product form 


for each type of salt listed in table 3. 


| 
| SALT—2010 63.15 
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TABLE 9 
U.S. EXPORTS OF SALT, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


Country 
Canada 
China 
Colombia 
Costa Rica 


Dominican Republic 


Germany 
Honduras 
Japan 
Malaysia 
Mexico 
Netherlands 
Panama 
Saudi Arabia 


United Arab Emirates 


Other 
Total 


"Revised. 


2009 


Quantity 
1,360 


9 U — — — N N = 


- – 2 


20 
1,450 


Value? 
50,200 
528 
341 
362 
393 
475 
332 
1,560 
826 
7,560 
704 
133 
1,190 
520 
8,980" 
74,100 


2010 

Quantity | Value 
451 40,000 
1 797 

2 480 

2 379 

1 271 

1 494 

1 233 

3 2,390 

1 378 
29 6,500 

| 630 

| 611 

8 2,200 
609 

91 13,300 
595 69,300 


'Data are rounded to no more than three significant digits; may not add to 
totals shown. (The Harmonized Tariff Schedule of the United States code 


for salt is 2501 .00.0000.) 


?Free alongside ship value at U.S. ports. 


Source: U.S. Census Bureau. 
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TABLE 10 
U.S. EXPORTS OF SALT, BY CUSTOMS DISTRICT! 


(Thousand metric tons and thousand dollars) 


2009 2010 
District Quantity Value? Quantity Value” 

Anchorage, AK (3) 27 (3) 11 
Buffalo, NY 30 5,850 76 9,830 
Cleveland, OH 1 163 ] 136 
Detroit, MI 1,200 30,900 191 15,200 
Е Paso, TX 1 360 2 288 
Great Falls, МТ 2 644 2 647 
Houston, TX 9 3,200 13 5,510 
Laredo, TX 36 5,700 22 4,860 
Los Angeles, CA 5 3,400 22 3,150 
Miami, FL 3 1,410 3 1,190 
Mobile, AL (3) 36 (3) 108 
New York, NY 13' 3,630! 13 4,390 
Nogales, AZ 4 1,270 4 1,030 
Norfolk, VA 1 594 2 1,490 
Ogdensburg, NY 23 3,940 27 5,220 
Pembina, ND 5 1,080 2 628 
San Diego, CA 3 251 ] 321 
San Francisco, СА 3 995 3 821 
Seattle, WA 5 1,440 34 2,450 
St. Albans, VT 4 710 4 771 
Other* 1027 8,500" 173 11,300 

Total 1,450 74,100 595 69,300 
"Revised. 


"Data are rounded to no more than three significant digits; may not add 

to totals shown. (The Harmonized Tariff Schedule of the United States 
code for salt is 2501.00.0000.) 

"Free alongside ship value at U.S. ports. 

*Less than % unit. 

“Unknown but assumed to be rail and (or) truck shipments to Canada 
through various points of departure. Also includes minor shipments through 


19 other customs districts. 


Source: U.S. Census Bureau. 
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TABLE 11 


U.S. IMPORTS FOR CONSUMPTION OF SALT, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


2009 2010 
Country Quantity Value? Quantity Value? 

Australia l 175 118 3,590 
Bahamas, The 811 12,600 935 16,500 
Belgium 4 840 3 887 
Brazil 168 3,060 208 4,290 
Canada 5,940 131,000 4,240 119,000 
Chile 5,170 107,000 5,000 96,100 
China 9 1,390 9 2,720 
Colombia 5 825 5 992 

Cyprus ] 170 4 286 
Egypt 29] 5,560 398 4,930 
France 17 6,790 8 6,800 
Germany 9 1,340 6 1,820 
India 2 424 2 435 

Israel 9 3,840 10 4,620 
Italy 70 3,830 68 3,970 
Japan 32 558 ] 96 
Korea, Republic of 1 864 9 1,720 
Mexico 1,260 33,400 1,000 28,200 
Netherlands 217 6,410 362 11,100 
Netherlands Antilles 28 1,010 -- -- 
New Zealand (3) 65 (3) 91 

Pakistan 2 627 2 946 
Peru 408 4,150 406 4,420 
South Africa 4 1,300 11 1,310 
Spain 65 3,660 44 4,160 
Switzerland 44 1,000 (3) 7 
Syria -- de 18 290 
Tunisia 54 589 -- B 
United Kingdom 67 2,690 9 916 
Vietnam 1 184 2 219 
Other 1! 705" 24 1,840 
Total SS _ 14,700 337,000 12,900 322,000 
(о 991,000 12,900 322,000 


Revised. -- Zero. 


‘Data аге rounded to no more than three significant digits; may not add to 
totals shown. (The Harmonized Tariff Schedule of the United States code 


for salt is 2501 .00.0000.) 
"Customs value only. 
?Less than '4 unit. 


Source: U.S. Census Bureau. 
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TABLE 12 
U.S. IMPORTS OF SALT, BY CUSTOMS DISTRICT! 


(Thousand metric tons and thousand dollars) 


2009 2010 
District Quantity Value? Quantity Value” 
Anchorage, AK 3 167 16 631 
Baltimore. MD — 0 850 27,600 1,690 38,100 
Boston,MA 1630 25400 1100 17,300 
Buffalo, NY = 5 583 122 2,780 
Charleston, SC 82 1,610 97 2,710 
Chicago, IL 1,170 18,200 912 15,400 
Cleveland, OH 246 4,710 271 6,720 
Columbia-Snake, OR 145 4,880 187 6,580 
Dallas-Fort Worth, TX (3) 81 | 390 
Detroit, MI 1,890 33,300 895 19,700 
Duluth, MN 36 3,230 28 2,610 
Great Falls, MT 2 226 7 844 
Los Angeles, CA 116 4,610 152 6,120 
Miami, FL 1 336 1 294 
Milwaukee, WI 1,470 20,400 675 12,000 
Minneapolis, MN 277 4,110 206 4,140 
Mobile, AL 2 2,150 2 2,260 
New Orleans, LA 484 13,200 137 3,910 
New York, NY 2,600 55,000 2,010 49,300 
Norfolk, VA 47 866 240 5,210 
Ogdensburg, NY 749 45,000 765 45,200 
Pembina, ND 4 795 12 1,660 
Philadelphia, PA 1,150 24,400 1,600 31,700 
Portland, МЕ 854 14,400 ' 708 12,300 
Providence, RI 235 5,500 350 6,860 
San Diego, CA 4 1,150 6 2,010 
San Francisco, CA 3 1,230 3 1,370 
San Juan, PR 5 883 5 1,050 
Savannah, GA m 39 2,230 42 1,500 
Seattle, WA 119 5,670 44 3,110 
St. Albans, VT 2 278 | 131 
St. Louis, МО (3) 79 1 320 
Tampa, FL 356 6,900 490 9,830 
Wilmington, NC 119 4,490 126 4,360 
Other" 4' 3,130" 4 3,660 
" Total — 14,700 337000 12,900 322,000 


"Revised. 
Data are rounded to three significant digits; may not add to totals shown. 


(The Harmonized Tariff Schedule of the United States code for salt is 
2501.00.0000.) 

"Customs value only. 

"Less than № unit. 

“Includes imports through six other customs districts. 


Source: U.S. Census Bureau. 
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TABLE 13 


SALT: WORLD PRODUCTION, BY COUNTRY"? 


Country? 
Afghanistan, rock salt“ 
Albania" 
Algeria, brine and sea salt 
Angola 


_ 0 
Argentina 


ee 


Armenia 


Australia, salt and marine salt 
Austria, rock and brine 
Azerbaijan 

Bahamas, The ` 

Bangladesh, marine salt $ 


ЫЫм—— ÉL 


Belarus? 


eoe 


Bolivia 

Bosnia and Herzegovina 
‚б 

Botswana* 


a НИЙ 


Brazil: 
Brine salt 


eee 


Rock salt 
Total 


---------- 


Bulgaria* 
Lnn 
B 


urkina Faso* 
Burma, brine salt 
Cambodia 


Canada 

Cape Verde* 

C с кенинин CE 
Cha ~ 
POP 


olombia: 
Marine salt 
Rock salt 
Total 

Costa Rica, marine salt? 
Croatia 
Cuba 
Denmark, sales‘ 
Djibouti^ 
Dominican Republic, marine salt* 
Ecuador? | 
Egypt 


El Salvador, marine salt 
TES e 


---- 
—————————— 


Eritrea, marine salt 
= 5 
Ethiopia, rock salt 


» ‚ 9 
France, all sources 


—— MÀ 


(Thousand metric tons) 


2006 2007 2008 2009* 2010° 

12 12 12 12 12 

25 25 25 25 25 
260 183 202 269 54 257 

35 35 35 35 45 

1,918 2,358 1,681 1,478 ^* 1,500 

37 35 37 37 40 

11,424 10,855 11,160 10,316 54 11,968 * 
807 742 874 ' 1,038 "4 1,000 
12 7 8 5 5 
1,152 8,823 10,244 10,000 10,000 
350 360 360 360 ' 360 
1,900 2,000 2,000 2,000 2,000 

| 2 ] AS |“ 

416 502 555 556^ 663 * 
210 210 210 210 210 

eee 20 __ 20 

5,122 5,365 5,370 * 5,370 5,370 
1,624 1,621 1,650 * 1,650 1,650 
6,746 6,986 7,020 * 7,020 7,020 
2,000 ^ 2,000 2,100 1,300 ' 1,500 
5 5 5 5 5 

84 71 54 133 4 977 
59 77 78 -f = 

14,389 11,862 14,386 14,615 ^? 10,537 У 

2 2 2 2 2 

4,580 4,404 6,431 8,382 * Rr. 
56,630 59,760 59,520 58,450 * 62,750 
390 310 386 ' 357 5^ 375 
248 204 245 ' 15512 260 
638 514 632° 612 "+ 635 

20 20 = -- 

30 33 33 * 32 M 
266 141 157 266 i 
600 600 600 600 60 

70" 80 ' 90 ' 70 ' 80 

50 50 50 50 M 

75 75 75 75 Р 

1,200 * 1214 1,879 ' 2.952 "4 3,000 

30 30 30 30 

60 60 60 60 J 
218 240 260 281 4 290 

8,718 6,140 6,100 6,100 6,100 
30 30 30 


Georgia’ 30 30 
See footnotes at end of table. — 
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TABLE 13—Continued 
SALT: WORLD PRODUCTION, BY COUNTRY ? 


(Thousand metric tons) 


Country? 2006 2007 2008 2009* 2010* 
Germany: 
Industrial brines 9,590 7,540 ' 9,084 9,798 54 9,800 
Rock salt and other 9,663 7,819 6,169 ' 8,816 "4 8,800 
Salt, evaporated, includes marine salt 593 592 580 325 "^ 500 
Total 19,846 15,951 ' 15,833 ' 18,939 54 19,100 
Ghana* 123 124 239 ' 200 ' 200 
Greece* 150 150 150 150 150 
Guadeloupe" 49 49 49 49 49 
Guatemala* 60° 60° 60 ' 50 50 
Guinea* 15 15 15 15 15 
Honduras" 40 40 40 40 40 
lean? — 5 5 5 5 5 
India: ыы 
Marine salt 15,500 16,000 16,000 16,500 17,000 
о Коскзак о 3 3 3 3 3 
|^ To о 15,500 16,000 16,000 16,500 17,000 
Indonesia o о 700 700 700 720 720 
ka o o oo a 2,000 2,565 4 2,158 ^^ 2,200" 2,200 
Iraq’ 25 153 109 113° 110 
Israel 434 400 421 357 "^ 400 
Italy, all sources" 3,438 2,214 2,200 * 2,200 2,200 
Jamaica — о 19 19 19,000 ' 19,000 ' 19 
юа -—-  — И 1.166 1.190 1,200 1,200 1,250 
Jordan 29 17 25' 25' 25 
Kazakhstan, salt and sodium chloride 417 228 504 ' 223 "^ 229 4 
Kenya, crude за" 35 12 24 244 24 
Korea,North® = 500 500 500 500 500 
Korea, Republic of 286 250 348 382 "4 380 
Kuwait? = о 13 14 14 14 14 
Laos, rock salt == 35 35 35 35 35 
‘Lebanon? = 20 20: 20 ' 20 ' 20 
њу — — 40 40 40 40 40 
Madagascar оо 75 75 75 75 75 
Мб 6 6 6 6 6 
Malta, marnesalf о (11) (11) (11) (11) (11) 
Martinique? — — 200 200 200 200 200 
Mauritania (11) a) 1 (п) "* l 
Mauritius m 9 8 8 * 8 8 
Мехісо 8,371 8,400 * 8,809 7,445 4 8,431 4 
Mongolia, mine output m | | (п) "° 1! ! 
Montenegro, sea water evaporate’ · 5 20 25 17 17 
Morocco, marine and rock salt 250 250 250 250 250 
Mozambique, marine salt" 150 110 110 110 110 
Namibia, marine salt 604 811 732 782 54 780 
Мећейапд о 5,000 5,000 5,000 5,000 5,000 
Netherlands Antilles? 500 500 500 500 = 
New Zealand? — 100 100 100 100 100 
маға — — — — — oo 190 ___ 100 — 


See footnotes at end of table. 
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Niger* 


Oman 
Pakistan:? 


Marine salt? 
"EUG duc CS 
Rock salt 
а сл алы... 
Total 


Panama, marine salt? 
ее REA 
Peru 


Philippines, marine salt 


TABLE 13—Continued 
SALT: WORLD PRODUCTION, BY COUNTRY? 


(Thousand metric tons) 


Country? 2006 2007 2008 2009* 2010: 
Nicaragua, marine salt* 30 30 30 30 30 


26" 10 11! 31% 
13 18" 18" 19" 
2,008 10,153 € 10,000 ' 10,500 4 
2,021 10,171 ! 10,018 ' 10,500 ' 
18 18 18 17 "* 
1,253 1,185 1,276 1,567 "+ 
418 438 510 516 71 


20 
11,000 
11,000 

17 

1,570 


Poland: 
Rock salt 1,130 591 618 989 "4 990 
Recovered from brine 2,899 2.93] 2,783 ' 2,534 "4 2,530 
Total 4,029 3,522 3,401" 3,523 "* 3,520 
Portugal, rock salt 586 59] 560 560 ^ 561 
Romania: es es 
Rock salt 47 5] 50 * 40° 45 
Other 2,574 2,425 2,400 * 2,000 ' 2,000 
Total ms 2,621 2,476 2,450 * 2,040 ' 2,050 
Russia 2,900 2,200 2,200 * 2,200 2,200 
Saudi Arabia 1,752 1,507 1,600 1,600 1,800 
Senegal 199 212 241 92254 200 
C "CM 30 30 30 29 * 29 
Slovakia ^ ——— 99 101 99 ne 38 ^3 40 
Sloveni = — — 24 2 2 2 2 
South А са 465 412 416 425 * 396 * 
Marine and other evaporated salt 1,469 1,500 1,500 * 1,500 1,500 
Rock salt 2,834 2,850 2,850 * 2,850 TLLA 
та 4,303 4,350 4,350 * 4,350 ape 
Srilanka? SSS 88 70 111€ 112" 110 
Suan 12 23 11' 36 ^! 36 
Switzerland? — 300 300 490 300 300 
2 ------- 133 81 81° 78 ' я 
Tanzania ІЯ {© 35 35 26" 2754 28 
ECT —— 1,008 1,135 1,212 1,200 LE 
Other* BOE 100 100 100 100 UM 
ош ИИ 1,108 1,235 312 — 1,300 120 
Tunisia, marine salt 1,127 93 3 1,063 1,000 1,000 
Turkey 4.225 ! 2.366 ' 24721 3,7685 4,000 
Turkmenistan* 215 215 215 215 215 
Ugand® о о ооо 5 5 5 5 
ee 5,548 4,425 5,395 "4. 5,400 
See footnotes at end of table. жын. 
"ІІ ӨШ 
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TABLE 13—Continued 
SALT: WORLD PRODUCTION, BY COUNTRY"? 


SALT—2010 


Country i 2006 2007 2008 2009* 2010* 


(Thousand metric tons) 


United Kingdom: 
Brine salt ^ 2,800 2,800 2,800 2,800 2,800 
Rock salt 2,000 2,000 2,000 2,000 2,000 
Other salt" 1,000 . 1,000 1,000 1,000 1,000 
Total 5,800 5,800 5,800 5,800 5,800 
United States, including Puerto Rico: 
United States: 
Brine 19,800 19,700 18,900 17,800 ^ 18,500 ^ 
Rock salt 16,500 16,800 20,900 20,300 ^ 15,800 ^ 
Solar salt 3,640 3,650 4,070 3,880 ^ 4,830 * 
Vacuum and open pan 4,450 4,420 4,200 4,030 4 4,100 ^ 
Puerto Rico" 45 45 45 45 45 
Total 44,500 44,600 48,100 46,100 ^ 43,300 ^ 
Venezuela" 350 350 350 350 350 
Vietnam 842 857 717! 718! 720 
Үстел” € 47 ' 53 ! 61: 65 ' 65 
261,000 ' 266,000 ' 276,000 ' 279,000 ' 280,000 


Grand total 
‘Estimated. PPreliminary. 'Revised. -- Zero. 


'World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


Table includes data available through July 15, 2011. 
‘Salt is produced in many other countries, but quantities are relatively insignificant and reliable production data are not available. Some salt 


brine production data for manufacture of chlorine, caustic soda, and soda ash are not reported because of incomplete data reporting by many 


countries. 

‘Reported figure. 

‘Year ending June 30 of that stated. 
SFrom natural soda ash production. 


7 | : 
Includes marine and rock salt and salt solution. 


"Year beginning March 21 of that stated. 
"Includes marine salt. 
Production by Magadi Soda Ash Ltd. only. 


I! Less than % unit. 


"Does not include production from Sardinia and Sicily, which is estimated to be 200,000 metric tons per year. 


Year ending J uly 15 of that stated. 


1 А А А . 2. . А 
“Data captioned “Brine salt" for the United Kingdom are the quantities of salt obtained from the evaporation of brine; that captioned “Other 


salt" are for salt content of brines used for purposes other than production of salt. 
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SAND AND GRAVEL, CONSTRUCTION 
By Wallace P. Bolen 


Domestic survey data and tables were prepared by Michelle B. Blackwell and Hodan A. Fatah, 


A total of 795 million metric tons (Mt) of construction sand 
and gravel was produced in the United States in 2010. This 
was a decrease of 36 Mt, or 4.496, from the revised production 
of 2009. This was the fourth consecutive decrease in annual 
production and reflected continuing low demand from most 
building and highway construction markets. The last time there 
were four consecutive years of decreasing sand and gravel 
production was during the Great Depression years of 1930 
through 1933. The 795 Mt was the lowest production since 1991 
‚ When an estimated 708 Mt was produced. 

Construction sand and gravel is a traditional basic building 
material and is one of the earliest materials used by humanity for 
dwellings and later for outdoor areas such as paths, roadways, 
and other constructs. Sand and gravel is very accessible апа 
is widely used throughout the United States and the world. 

As sand and gravel became less available owing to resource 
restraint or economic conditions in some locales, builders began 
to crush bedrock to produce a manufactured sand and gravel 
often referred to as crushed stone. Sand and gravel and crushed 
stone combined are defined as construction aggregate. The 
crushed stone industry is reviewed in a separate chapter of the 
U.S. Geological Survey (USGS) Minerals Yearbook; both of 
these mineral commodities are usually included in reviews of 
national, State, or local aggregates industries. All percentages in 
this report were computed using unrounded data. 

The decrease in sand and gravel consumption in 2010 was a 
reflection of the decrease in the total construction put in place as 
reported by the U.S. Census Bureau. Total construction declined 
by about 10% in 2010 compared with that in 2009. Residential 
and nonresidential construction declined in 2010, 0.896 and 
13.9%, respectively. Only 4 of 16 nonresidential categories of 
construction increased in 2010: conservation and development 
(20.9%), sewage and waste disposal (4.6%), transportation 
(2.676), and highway and street (1.796) (Davis and others, 2011). 

Each year, hundreds of sand and gravel operations are idled, 
closed, or abandoned, and hundreds more are reactivated or 
opened. The changing location of construction and highway 
Projects IS the major factor in decisions to open, idle, or close 
operations. 

In the United States in 2010, 6,489 construction sand and 
gravel operations were active (table 6A), 603 operations 
Were reported as idle, and 81 operations either were reported 
to be closed or were assumed to be permanently shut down. 

Of the 6,489 active operations, 69 were classified as sales 

or distribution yards only; a sales yard is defined as a fixed 
location that receives sand and gravel from a distant source 
and sells it at the yard. In addition, 76 operations reported that 
they were either an open pit or a dredge combined with a sales 
yard that supplemented local production with material from a 
remote location. A small number of the idle sand and gravel 
operations reported recycling of asphalt and portland cement 
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statistical assistants. 


concrete but no sand and gravel mining. The 6,489 operations 
with 7,763 active sand and gravel pits were owned by 4,036 
companies or government agencies operating in all 50 States. 
A review of the data provided by the U.S. Mine Safety and 
Health Administration (MSHA) revealed 448 newly opened 
or previously unaccounted for sand and gravel locations 

that reported at least 500 employee hours of activity during 
2010. Information was gathered from these newly recognized 
operations and included in this report. In 2010, of the 6,489 
active operations surveyed, 3,266, or 5076, responded to the 
USGS canvass. Their total production represented 54% of the 
795 Mt produced in 2010. Estimates for operations that did not 
report were based on prior year's data and MSHA employee 
hour reports. 

According to the U.S. Census Bureau in 2010, sand and 
gravel exports decreased by 13% to 381,000 metric tons (t), 
and the value decreased by 296 to $22.6 million compared 
with the 2009 data (tables 1, 12). For the second straight year, 
imports of construction sand and gravel decreased, falling 1096 
in 2010 compared with those in 2009, but the value increased 
by 45% to $96 million (tables 1, 13). Imports have become 
a significant source for sand and gravel in some areas of the 
country, although imports were down 63% since 2005. Domestic 
apparent consumption of construction sand and gravel, which is 
defined as production for consumption (sold or used) plus total 
imports minus total exports, was 797 Mt. 

Some information about the production of construction 
sand and gravel in foreign countries can be found in the U.S 
Geological Survey Minerals Yearbook, volume Ш, Area | 
reports—International. For nonreporting countries, estimates 
of sand and gravel and crushed stone production can be based 
мазу е such as the levels of asphalt and cement 


Production 


Of the four major geographic regions, the West again led 
the Nation in the production of construction sand and | 
in 2010 with 275 Mt, or 3596 of the U.S. total (table UNE 
West was followed by the Midwest with 235 Mt. or 30% ке 
South with 194 Mt, ог 24%; and the Northeast with 90 eu 
11%. Compared with that of 2009, production was e јео " 
unchanged in the Midwest region but decreased in | о 
regions in 2010. € other 

Of the nine geographic divisi TM ME 
the Nation in the deca of e мы 
2010 with 154 Mt, or 20% of the U.S. total and MEN 
by the East North Central with 128 Mt, or 16% и: чо 
with 121 Mt, or 1576 (table 2). Production 5. the Pacific 
of the nine divisions compared with that of T. In eight 
increased in the West North Central division M 

| :0% in 
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2010 compared with that of 2009. Some of the gains seen here 
may be related to the spectacular rise in demand for hydraulic 
fracturing (frac) sands. Increased production of frac sand could 
result in an increase in byproduct construction grade material 
which, in turn, may be replacing other aggregate such as crushed 
stone in some locales. Frac sand activity, both prospecting and 
new mining, is especially pronounced in Arkansas, Illinois, 
Minnesota, Texas, and Wisconsin. The USGS is working to 
clarify the markets supplied by these new frac sand producers. 
The USGS, MSHA, and State and local agencies continue to 
refine the tracking of developments within this booming sector. 

In 2010, construction sand and gravel was produced in every 
State (table 3). The leading States with production greater than 
25 million metric tons were, in descending order of tonnage, 
California, Texas, Arizona, Michigan, Minnesota, New York, 
Ohio, Colorado, Washington, Wisconsin, and Utah. The 
combined production of these 11 States represented about 5294 
of the national total. In 2010, production increased in 18 States 
but decreased in the other 32 States compared with that of 2009, 
when only 3 States showed production increases. Production 
Increases of greater than 1096 were reported in six States— 
South Carolina (2096), North Dakota (1976), Arkansas (16%), 
Kansas (12%), Tennessee (10%), and Ohio (10%). Production 
decreases of 2096 or more were reported in four States—Nevada 
(2376), Delaware (22%), Utah (21 7o), and Rhode Island (2094). 

A review of the production of construction sand and gravel 
for consumption by size of operation indicates that about 50% 
of the total production came from 2,027 operations that reported 
between 100,000 and 499,999 metric tons per year (t/yr); 21% 
of the construction sand and gravel produced came from 280 
operations that reported between 500,000 and 999,999 t/yr; and 
12% came from 69 operations that reported 1 million metric 
tons per year (Mt/yr) production or more. The largest number of 
operations (4,113, or 63% of total operations) produced less than 
100,000 t/yr (16% of the total production) (table 6A). 

In 2010, the leading domestic commercial producers of 
construction sand and gravel were, in descending order of 
production, Oldcastle Materials, Inc.; CEMEX S.A.B. de С.У.; 
Vulcan Materials Co.; Lehigh Hanson, Inc.; MDU Resources 
Group, Inc.; Holcim Group/Aggregate Industries Management, 
Inc.; Martin Marietta Aggregates; Lafarge North America, Inc.; 
Granite Construction, Inc.; and Mitsubishi Materials Corp. The 
combined production of these 10 companies was about 174 Mt, 
or about 24% of the national total. This is a significant increase 
compared with 2009 when the top 10 companies produced 
approximately 20% of the national total. The top 100 producers 
of construction sand and gravel in the United States in 2010 are 
listed in table 14. 


Consumption 


Production of construction sand and gravel reported to the 
USGS by producers was material that was sold or used by the 
companies. Stockpiled production is not reported until it is 
sold or consumed by the producer. Because no consumption 
surveys are conducted by the USGS for sand and gravel, 
the sold or used tonnage is assumed to гергезе 
produced for domestic consumption and expo 
of the construction sand and gravel producers 


nt the amount 
rt. Because some 
did not report 
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a breakdown by end use, their total production was reported 
under “Unspecified uses, reported." The estimated production 
of nonrespondents was reported under “Unspecified uses, 
estimated.” 

Of the 795 Mt of construction sand and gravel produced in 
2010, 60% was used for unspecified uses (tables 4-5). Of the 
remaining 322 Mt, 43% was used as concrete aggregate; 26% 
was used for road base and coverings and road stabilization; 
12%, for asphaltic concrete aggregate and other bituminous 
mixtures; 12%, for construction fill; 1% each, for concrete 
products, plaster and gunite sands, and snow and ice control; 
and the remaining 496 was used for golf course maintenance; 
filtration; railroad ballast; road stabilization; roofing granules 
and many other miscellaneous uses. 

To provide a more accurate estimate of the consumption 
patterns for construction sand and gravel, the unspecified uses 
are not included in the above percentages. In any marketing or 
use-pattern analysis, the total quantities included in “Unspecified 
uses” may be distributed among the reported use categories by 
applying the above percentages. | 

Additional information regarding production or consumption 
of construction sand and gravel by major uses in each State 
and State district can be found in the U.S. Geological Survey 
Minerals Yearbook, volume II, Area reports—Domestic. 


Recycling 


The USGS collects recycling statistics from construction 
and demolition companies. Although not all of the compants 
surveyed responded to the request for information on concrete | 
and asphalt recycling, many did. These data have been combine 
with recycling data received from aggregate mining companies 
both crushed stone and sand and gravel producers. Recycling 
in this industry generally refers to the crushing, E | 
reuse of asphalt and cement concretes. Aggregates, соп Of, 
and demolition companies and related asphalt and ready-mix 
companies are often involved in construction projects ws 
which they collect and reuse the materials at the site. Some 
construction companies haul their materials to a recycling | 
location where the asphalt or concrete is processed for reus 
The USGS welcomes additional information on Бы 
encourages all construction materials recycling зан 
provide statistics on their activities. Companies invo - сі 
recycling may contact the author of this report to recelv 
information on how to report. 

Recycled Mond ЧЕ 10, 11 Mtof asphalt concrete 1a 
at $119 million was recycled by aggregate, OW р 
demolition companies іп 48 States and Puerto Rico ‘aie { 
The leading States, all with more than 500,000 us 
asphalt were, in descending order of tonnage recycle” i 
California, Kansas, North Carolina, Michigan, De uh 
Pennsylvania. Sand and gravel producers who repo i Tracking 
recycled asphalt were, in descending order, Sm » 
and Excavating, Inc.; All American Asphalt я A Com: 
Construction Corp.; Lyon Sand and Gravel Co.; Ma 
and Holliday Rock Co., Inc. 

Recycled Concrete.—In 2010, about 13 
concrete valued at $99 million was recycle 
(table 11). The leading States, all with more than 


ued 


in 48 States 


0 
ook! 
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ай 


дд Es 


Шы recycled concrete were, in descending order of tonnage 
| Tis recycled, California, Wisconsin, Michigan, Illinois, Virginia, 
Ма Colorado, and Minnesota. Sand and gravel producers who 
reported the most recycled concrete were, in descending order, 
Ба James Peterson Sons, Inc.; Vulcan Materials, Inc.; Kalin 
ws! Construction Co., Inc.; Dan Copp Crushing Corp.; and Knopik 
Su Crushing, Inc. 


Б 

kakr Transportation 

Tti | l 

Kus Information regarding the method of transportation of 


ala construction sand and gravel from the pit or processing plant 
Ши © the first point of sale or use is available for each geographic 

` division and the total United States. Reports regarding the 

кїй method of transportation were provided by the producers for 263 
.. Mt, or 3396 of the total U.S. production of construction sand and 


m gravel in 2010. Of this total, 81% was transported by truck; 3%, 


- amount of construction sand and gravel produced (about 15%) 
was not transported and was used at or near the production site, 

‚ probably for asphalt or cement concrete production. Because 
шшш most producers neither keep records of nor report shipping 
m distances or cost per metric ton per mile, transportation cost data 
567 аге not available. 
006-0: 
Ргісеѕ 


. Prices discussed in this chapter аге synonymous with average 
im: unit value and are free on board (f.0.b.) plant, usually the first 
us point of sale or captive use. This does not include transportation 
(^ from the plant or yard to the consumer. It does include all costs 
ш of mining, processing, in-plant transportation, overhead, and 
aE: profit. 

n The 2010 average price decreased 396 to $7.31 per metric ton 

as} compared with that of 2009. By use, the prices varied from a 

w^ high of $11.61 per ton for roofing granules to a low of $4.47 рег 

Ш2 ton for fill (table 4). The largest increases in price were recorded 

ІШ? for plaster and gunite sands (19.296), golf course maintenance 

їЁ (2.9%), and filtration (1.2%). The largest decreases were for 

ju roofing granules (4394), asphaltic concrete (11.396), road 

mw Stabilization, cement (9.1%), and concrete aggregate (7.7%). 

| The States having the highest unit value per metric ton were, 

w in descending order, Hawaii ($15.23), Rhode Island ($11.80), 

gp. Virginia ($11.47), California ($10.83), New Jersey ($10.50), 

и“ and Maryland ($10.18). The States having the lowest unit value 
per metric ton were, in ascending order, North Dakota ($3.89), 

4 South Dakota ($4.21), South Carolina ($4.25), Minnesota 

i ($4.91), Wyoming ($5.00), and Wisconsin ($5.11). The unit 

jy Value decreased іп 30 States and increased 20 States (table 3). 

jg The States having the largest increases in unit value were, in 

,; descending order, Hawaii (20%), North Dakota (20%), South 

V Dakota (1776), Indiana (16%), and Michigan (12%). The States 

2 having the largest decreases in unit value were, in descending 

27 order, Delaware (36%), South Carolina (24%), Minnesota 

и (20%), Maryland (18%), and Alabama (14%). 


Foreign Trade 
* The widespread distribution of domestic sand and gravel 


j . ; 
| deposits and the high cost of transportation limit foreign trade 
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to mostly local transactions across international boundaries. 
| U.S. imports and exports represented less than 1% of domestic 
consumption. | 

According to the U.S. Census Bureau, exports of construction 
sand decreased by about 2596 to 59,000 t compared with that of 
2009, and the value decreased by about 13% to $16.6 million 
(table 12). Canada, which was the leading destination, received 
about 2996 of the total sand, followed by the British Virgin 
Islands (12%), China (8%), the Netherlands (7%), and Mexico 
(5%). Exports of construction gravel decreased by 11% to 
322,000 t compared with those of 2009, but the value increased 
by about 4796 to $6 million. Canada, which was the leading 
destination, received about 74% of total gravel exports. The 
average value of the sand and gravel exports in 2010 was $59 
per metric ton; this was up from $53 per metric ton in 2009. 
These values may have been relatively high because some 
higher grade sand and gravel, such as industrial sand and gravel 
(especially frac sand), was being misclassified as construction 
sand and gravel. 

In 2010, imports of construction sand and gravel decreased 
by about 10% to 2.67 Mt, but the value increased by about 4596 
to $95.9 million (table 13). Canada was the leading source of 
construction sand and gravel imports, with 82% of the total. 
Mexico supplied about 896 of the imports, and The Bahamas 
supplied about 7%. The average unit value of the sand and 
gravel imports in 2010 was $35.86 per metric ton, up from 
$22.14 per metric ton in 2009. 


Outlook 


Consumption of construction sand and gravel in 2011 was 
expected to be about equal to that of 2010. Continuing weak 
demand from most construction segments and reduced revenues 
to and funding for governmental agencies and programs were 
expected to result in little or no growth in sand and gravel 
consumption in 2011. Data from the 2011 USGS quarterly 
survey of U.S. aggregates producers indicate a very slight 
Increase in sales of sand and gravel compared with those of the 
2010, based on a limited sample of sand and gravel producers 
surveyed in the United States. 

Mostly owing to weakened demand and Increased 
competition, the industry experienced a contraction in 
construction sand and gravel prices in 2010, but a sl 
In prices was expected for 2011. Improving but still historicall 
low sales in the housing market and higher fuel costs could у 
кеер some upward pressures on sand and grave] prices 
Larger price increases are more likely to continue i | 
metropolitan areas because, as nearby resources ar 
more aggregates will be transported from distant s 
the accompanying extra fuel cost. 


ight increase 


n and near 
€ depleted, 
ources with 
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TABLE 1 


SALIENT U.S. CONSTRUCTION SAND AND GRAVEL STATISTICS! 
(Thousand metric tons and thousand dollars) 


2006 2007 2008 2009 2010 


2 


Sold or used by producers: 


Quantity 1,340,000 1,250,000 1,060,000 831,000" 795,000 
Quantity 15,400 20,100 29,100 28,5007 24,900 


Quantity 515 365 392 439 381 


535 392 49 з 
Value 24,100 28,700 22,400 23,100 22,600 
Hr. o у e ee со pee 
т 0 
Quantity 4,960 4,420 5,430 2,980 2610 
490 4,420 5430 2980 260 
Value 94,100 — 87,700 — 114000 66,100 95,900 
‘Revised. 
| 
Data are rounded to no more than three significant digits. 


2 EE 
Puerto Rico is excluded from all sand and gravel statistics. 


Asphalt and portland cement concrete recycled by construction, demolition, and aggregate 
mining companies. 
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Quantity 


(thousand 


Region/division metric tons) 


Northeast: 


New England 
Middle Atlantic ___ 


Midwest: 


East North Central 
West North Central 


South: 


South Atlantic 

East South Central 

West South Central 
"West: 

Mountain 


Pacific 
Total 


"Revised. 


37,400 
56,100 


131,000 " 
103,000 ' 


51,900 ' 
34,900 ' 
110,000" 


177,000 * 
130,000 
831,000 ' 


TABLE 2 
! 
CONSTRUCTION SAND AND GRAVEL SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY GEOGRAPHIC DIVISION 


! e - : 
Data are rounded to no more than three significant digits, except unit value; may not add to totals shown. 
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ОСИ 


2009 2010 
Quantity 
Percentage Value Percentage (thousand Percentage Value 

of total (thousands) of total metric tons) of total (thousands) 
4.5' $321,000 53.7 36,100 4.5 $298,000 

6.8 ' 497,000 8.0 ' 54,100 6.8 471,000 

15.8 758,000 ' 12.1 € 128,000 16.1 798,000 
12.4 * 554,000 ' 8.9" 107,000 13.5 557,000 

6.2 € 440,000 ' 7.1 50,700 6.4 390,000 

4.2 246,000 ' 3.9 34,300 4.3 230,000 
13.2" 859,000" 13.8 109,000 13.8 853,000 
21.3" 1,250,000” 20.1 155,000 19.5 1,050,000 
15.6" 1,310,000 21.1' 121,000 15.2 1,160,000 

100 6,240,000 ' 100 795,000 100 5,810,000 


Percentage 
of total 


5.1 
8.1 


13.8 
9.6 


6.7 
4.0 
14.7 


18.1 
19.9 
100 


ee НННП 


64.5 


64.6 


CONSTRUCTION SAND AND GRAVEL SOLD OR USED BY PRODUCERS IN 


State 
Alabama 
Alaska 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
Florida 
Georgia 
Hawaii 
Idaho 
Illinois 
Indiana 
lowa 
Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 


Minnesota 
Mississippi 
Missouri 

Montana 

Nebraska 

Nevada 

New Hampshire 
New Jersey 

New Mexico 

New York 

North Carolina 
North Dakota 
Oklahoma 

Oregon 
Pennsylvania 

Rhode Island 

South Carolina 
South Dakota 
Tennessee 

Texas 

Utah 0: 
Vermont 

Virginia 
Washington 

West Virginia 
Wisconsin о 
Wyoming 

Total or average 


"Revised. 


TABLE 3 


THE UNITED STATES, BY STATE! 


BE = == О LU eL e e uL али пе. ЕЕ S 4 


2009 2010 
Quantity Quantity 
(thousand Value Unit (thousand Value 
metric tons) (thousands) value metric tons) (thousands) 
10,100 " $65,800" $6.49 10,100 $56,200 
7,320 55,500 7.58 6,340 52,300 
40,200 357,000 8.88 35,200 291,000 
7,780 € 60,000! 7.72" 9,050 76,800 
79,200 912,000 11.52 74,700 809,000 
29,300 217,000 7.42 28,900 209,000 
5,680 60,800 10.70 5,910 55,300 
2,080 24,500 11.80 1,620 _ 12,300 
15,500 ' 124,400: $802" 12,500 98,900 
5,260 31,100 5.91 5,120 28,400 
1,130 14,300 12.70 932 14,200 
12,900 74,800: 5.82 13,700 78,200 
22,500 144,000 6.40 19,400 128,000 
18,800 100,000 5.31 18,600 115,000 
13,600 87,007 643! 13,800 84,800 
8,580 43,300 5.04 9,610 50,300 
6,770 36,000! 5.32" 5,740 30,000 
20,600 205,000 9,92 20,800 190,000 
9,090 59,300 6.52 7,840 45,100 
7,980 99,200 12.43 8,120 82,700 
9,460 85,600 9.05 9,700 91,400 
34,600 176,000 510! 33,600 192,000 
31,300" 191,000" 6.12" 32,300 158,000 
12,700 101,000 7.97 12,500 97,100 
11,500 71,900 6.26 11,800 73,200 
11,200 86,000 " 7.66 10,100 81,800 
12,900 75,500 5.87 12,500 79,900 
19,800 ' 124,000: 6.25: 15,100 87,500 
6,930 55,600 8.02 6,390 54,300 
11,100 116,000 10.49 10,000 105,000 
14,100 111,000" 7.86 ' 11,600 84,400 
31,100 266,000 8.57! 30,600 248,000 
7,570 43,000 5.68 8,130 45,700 
14,300 ' 46,500" 325" 17,000 66,100 
27,200 199,000 " 7.33! 29,900 232,000 
11,600 68,200 5.90 10,000 60,500 
12,200 102,000 8.39 11,400 93,000 
14,000 " 115,000" 8.23 13,400 118,000 
1,820 23,300 12.79 1,450 17,100 
5,900 32,900 5.57 7,100 30,200 
10,600 г 38,000" 3.59 10,500 44,300 
5,360 42,800 7.98 5,900 47,000 
70,000 527,000" 7,53" 69,500 525,000 
32,400 190,000 5.86 25,700 148,000 
4,470 36,700 8.21 4,770 35,200 
7,230 ' 82200" 1137" 7,690 88,200 
29,900 230,000 7.69 27,200 188,000 
410 3,480 849 448 3,740 
28,300" 139,000: 4.92 26,000 133,000 
17,200 92200 5.36 14,300 71,500 
831,000' 6,240,000 " 7.5] " 795,000 5,810,000 — 


| 
Data аге rounded to no more than three significant digits; may not add to totals shown. 
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Unit 
value 
$5.56 

8.24 
8.27 
8.49 
10.83 
7.22 
9.35 
7.59 


7.93 " 


5.54 
15.23 
5.71 
6.57 
6.16 
6.17 
5.23 
5.24 
9.14 
5.75 
10.18 
9.42 
5.70 
4.9] 
7.76 
6.21 
8.07 
6.38 
5.78 
8.51 
10.50 
7.30 
8.09 
5.63 
3.89 
7.75 
6.04 
8.15 
8.81 
11.80 
4.25 
4.21 
7.97 
7.55 
5.77 
7.39 
11.47 
6.89 
8.35 
5.11 
5.00 
131 
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TABLE 4 
CONSTRUCTION SAND AND GRAVEL SOLD OR USED IN THE UNITED STATES IN 2010, 
BY MAJOR USE! 
OT Gaati 
(thousand 
Use metric tons) 
Concrete aggregates (including concrete sand) 139,000 
Plaster and gunite sands 3,900 
Concrete products (blocks, bricks, pipe, decorative, etc.) 3,210 
Asphaltic concrete aggregates and other bituminous mixtures 39,400 
Road base and coverings 83,000 
Road stabilization, cement 1,520 
Road stabilization, lime 785 
Fill 39,100 
Snow and ice control 3,590 
Railroad ballast MO 614 
Roofing granules 163. 
Filtration 1,100 
Golf course maintenance sand 702 
Other miscellaneous uses 5,310 
Unspecified: 
Actual 144,000 
Estimated 329,000 
795,000 


Total or average 


Value 
(thousands) 
$1,090,000 

36,700 
30,100 
352,000 
499,000 
11,000 
5,690 
175,000 
25,500 
5,110 
1,890 
9,600 
7,070 
55,600 


1,070,000 
2,430,000 
5,810,000 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


*Reported and estimated production without a breakdown by end use. 
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Unit 
value 
$7.81 

9.42 

9.37 

8.93 

6.02 

7.29 

7.25 

4.47 

7.11 

8.32 
11.61 

8.73 
10.07 
10.46 


7.44 
7.39 
7.31 


64.7 


TABLE 5 
CONSTRUCTION SAND AND GRAVEL SOLD OR USED BY PRODUCERS IN THE UNITED STATES IN 2010, BY GEOGRAPHIC 


DIVISION AND MAJOR USE! 


(Thousand metric tons and thousand dollars) 


Concrete products 


Asphaltic concrete 


Concrete aggregates Plaster and (blocks, bricks, pipe aggregates and other Road base and 
(including concrete sand) gunite sands decorative, etc.) bituminous mixtures coverings” 
Region/division Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 

Northeast: 

New England 3,570 31,200 79 1,180 140 958 1,400 17,800 3810 265% 

Middle Atlantic 7,390 68,400 190 2,040 298 2,880 2,350 24,200 4,570 — 3800 
Midwest: 

East North Central 24,900 149,000 493 2,200 725 5,960 9,160 64,100 13700 800 

West North Central 14,300 86,200 349 2,160 658 6,200 4,940 28,600 21,00 80600 
South: 

South Atlantic 17,900 157,000 548 3,180 623 5,850 1,270 9,580 614 4380 

East South Central 8,390 51,800 49 460 64 636 1,470 14,100 1,300 7,210 

West South Central 27,300 224,000 275 3,510 113 1,480 1,380 11,900 5,750 3650 
West: 

Mountain 14,300 115,000 640 5,690 349 3,180 7,520 68,000 22,600 148,0 

Pacific 21,200 204,000 1,270 16,300 239 2,960 9,900 113,000 11,200 950 


uantity Value Quantity — Value | Quantity Value Quantity Value Quantity — Value 

I" _ — —— с з; к= мшу сз А 
_NewEngland 2,180 10,800 579 6,050 51 503 24,300 203,000 36100 2800 

Middle Atlantic 2,360 12,000 1,120 7,060 17 135 35,800 316,000 54100 41% 
Midwest: 

East North Central 8,230 35,000 929 4330 194 1,100 69,100 453,000 128,00 7800 

West North Central 3,690 13,300 314 2,050 15 227 61500 338,000 107000 551 
South: 

South Atlantic 6,120 19,900 65 633 - ~ 2350 190000 50700 3M 

East South Central 935 2,590 7 67 m ~ . 22,00 154000 34300 23000 
— West South Central | 4,350 15,300 11 80 35 576 70,200 560000 1900 8500 
West: 

Mountain 5210 21,400 506 4,910 172 1,360 103,000 684,000 155,000 1,0509 

Pacific 5,990 44,400 59 325 131 1210 70700 683,000 12,0 116009 


139,000 


,090,000 


-йе ..21200 20400 1270 1630 239 2,960 9900 113000 1120 990 
Total 3,890 36,700 3210 _ 30,100 39,400 351,000 85300 5600 
рЫ === 


Snow and ice control 


Railroad ballast 


Other uses 


5,810,000 


Sete ...5990 4440 _ 59 35 131 1210 70700 683000 12,0 8/0) 
zou 39,100 175,000 3,590 25,500 615 5,110 _ 480,000 3,580,404 795,000 


І 
as are rounded to no more than three Significant digits; may not add to totals shown. 
Includes road and other stabilization (cement and lime). 


3 : 
Includes reported and estimated production without a breakdown by end use. 


U.S. GEOLOGICAL SURVEY MINERALS 


P» 


——ü—— nM 000000000000 


Му, TABLE 6A 
CONSTRUCTION SAND AND GRAVEL PRODUCTION IN THE UNITED STATES 
IN 2010, BY SIZE OF OPERATION 


eee 


Quantity! 
=n Size range Number of Percentage (thousand Percentage 
tee (metric tons) operations of total metric tons) of total 
Less than 25,000 1,920 29.5 18,700 2.4 
Ti 25,000 to 49,999 1,030 15.8 34,000 4.3 
de (с 50,000 to 99,999 1,170 18.0 76,200 9.6 
100,000 to 199,999 1,120 | 17.2 145,000 18.2 
LE 200,000 to 299,999 498 7.7 111,000 14.0 
УИ: 300,000 to 399,999 257 4.0 80,800 10.2 
400,000 to 499,999 156 2.4 62,800 7.9 
0 500,000 to 599,999 111 1.7 54,900 6.9 
о 600,000 to 699,999 72 1.1 42,200 5.3 
700,000 to 799,999 46 0.7 31,300 3.9 
ж 800,000 to 899,999 28 0.4 21,800 2.7 
W 900,000 to 999,999 23 0.4 19,600 2.5 
Ww * 1,000,000 to 1,499,999 45 0.7 49,500 6.2 
1,500,000 to 1,999,999 13 0.2 20,700 2.6 
Ю 2 2,000,000 to 2,499,999 5 0.1 9,690 ].2 
2 2,500,000 and more 6 0.1 16,200 2.0 
( 5 Total 6,490 100 795,000 100 
= 'Data are rounded to по more than three significant digits. 
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TABLE 6B 


CONSTRUCTION SAND AND GRAVEL PRODUCTION IN THE UNITED STATES IN 2010, BY REGION AND SIZE OF OPERATION 


Northeast Midwest 
ммк—__—_ Midwest 


Size range Number of Percentage 


Quantity! 
(thousand 


Quantity’ 


(thousand Percentage Number of Percentage Percentage 


(metric tons) operations of total metric tons) of total Operations of total metric tons) oftotal 
Less than 25,000 361 35.4 3,470 3.8 653 28.6 6,440 11 


25,000 to 49,999 180 17.6 5,890 6.5 391 17.1 13,000 55 
50,000 to 99,999 183 17.9 11,700 13.0 470 20.6 30,800 13. 
100,000 to 199,999 157 15.4 20,900 23.1 41 18.0 53,000 25 
200,000 to 299,999 66 6.5 14,900 16.6 158 6.9 35,300 150 
300,000 to 399,999 30 2.9 9,150 10.2 77 34 24,200 103 
400,000 to 499,999 20 2.0 8,160 9.1 42 1.8 16,800 12 
500,000 to 599,999 11 1.1 5,410 6.0 28 1.2 13,800 59 
600,000 to 699,999 5 0.5 2,940 33 21 0.9 12,300 52 
700,000 to 799,999 2 02 1,340 1.5 11 0.5 7,460 32 
800,000 to 899,999 1 0.1 755 0.8 2 0.1 1,550 07 
900,000 to 999,999 l 0.1 826 0.9 10 0.4 8,490 36 
1,000,000 to 1,499,999 4 0.4 4,670 5.2 8 0.4 8,500 36 
1,500,000 to 1,999,999 - z i M 1 кз 1,530 0.7 
2,000,000 to 2,499,999 2 а "S 2. 1 zt 1,870 03 
2,500,000 and more E 2 e 22 25 = -- = 
Total 221800. г о ии 
и шю п 
oe те Quantity’ 
Size range Number of Percentage ^ (thousand Percentage Numberof Percentage (thousand Percentage 
(metric tons) operations of total metric tons) of total operations of total metric tons) ^ oftotal 
25,000 to 49,999 132 12.1 4,460 2.3 323 15.4 10,700 39 
50,000 to 99,999 166 15.3 10,900 5.6 351 16.7 22,800 83 
100,000 to 199,999 204 18.8 26,700 13.7 344 16.4 44,500 162 
200,000 to 299,999 121 11.1 27,400 14.1 153 7.3 33,800 2. 
300,000 to 399,999 68 6.3 21,500 11.1 82 3.9 26,000 94 
400,000 to 499,999 48 44 19.300 9.9 46 2.2 18,600 6.7 
500,000 to 599,999 36 33 18,000 9.3 36 1.7 17,700 64 
600,000 to 699,999 20 1.8 11,700 6.0 26 12 15,300 55 
700,000 to 799,999 15 1.4 10,200 5.2 18 0.9 12,300 45 
800,000 to 899,999 14 1.3 11,000 5.7 11 0.5 8,440 M 
900,000 to 999,999 8 0.7 6,750 3.5 4 0.2 3,500 15 
1,000,000 to 1,499,999 12 1.1 13.500 6.9 21 1.0 22,900 83 
1,500,000 to 1,999,999 5 0.5 7,840 4.0 7 0.3 11,300 i 
2,000,000 to 2,499,999 = M = С 4 02 7,820 24 
2,500,000 and more ^ — | 0.1 2.790 14 5 02 13,400 49 
Total 1,090 100 194,000 100 2,100 100 — 275,000 100 
"Раја are rounded to no more than three significant digits. 
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| TABLE 7 
(їйї CONSTRUCTION SAND AND GRAVEL SOLD OR USED BY PRODUCERS IN THE 
= UNITED STATES IN 2010, BY GEOGRAPHIC DIVISION AND METHOD OF TRANSPORTATION! 
Tm 

(ui (Thousand metric tons) 


Pu 
М e Region/division Truck Rail — Water — Other transported specified Total 
ln HU HMM EM NM CC ME Е 


| 

бом New England 7,710 = = = 1460 26,900 36,100 

ШЕК Middle Atlantic 14,900 31 307 | 48 1,450 37,300 54,100 

| Wi Midwest: 

|^ Ni East North Central 42,500 77 2,750 674 4,300 77,300 128,000 
ІШ West North Central 30,700 212 705 17 7,650 68,100 107,000 
ІН South: 

M South Atlantic 24,500 71 150 84 428 25,400 50,700 

3i East South Central 6,120 109 871 47 725 26,400 34,300 

19 West South Central 22,100 530 -- 55 7,860 78,800 109,000 

W West: 

i Mountain 31,000 -- -- 441 6,990 116,000 155,000 

|$ Pacific 33,200 701 2,830 956 7,970 75,000 121,000 


Te | Total 213,000 1,730 7,610 2,320 38,800 531,000 795,000 
-- Zero. 


и ! Data аге rounded to no more than three si gnificant digits; may not add to totals shown. 


i 
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ef 
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mi 
= TABLE 8 
id NUMBER OF CONSTRUCTION SAND AND GRAVEL OPERATIONS AND PROCESSING PLANTS 
7 IN THE UNITED STATES IN 2010, BY GEOGRAPHIC DIVISION 
(ПІ 
| Mining operations on land 
i Stationary Мо plantsor Dredging Total active 
| Region/division Stationary | Portable — and portable unspecified operations operations 
i Northeast: 
Я New England 229 205 40 16 - 490 
^ Middle Atlantic 252 182 43 32 22 531 
» Midwest! | 
? East North Central 481 406 75 63 87 1,112 
- _ West North Central | 427 466 34 74 171 1,172 
_ Зошћ Atlantic — — 147 76 13 53 71 360 
_ East South Central - 113 41 4 1 49 218 
West South Central 250 120 14 37 88 509 
West: 
= Mountain | | 557 630 65 94 9 1,355 
Pacific! — 391 238 55 38 20 742 
— Total — 2,47 2,364 343 418 517 6,489 


-- Zero. 
"Ап undetermined number of operations leased from the Bureau of Land Management in Alaska are counted 


as one operation. 
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TABLE 9 


NUMBER OF CONSTRUCTION SAND AND GRAVEL OPERATIONS AND PROCESSING PLANTS 
IN THE UNITED STATES IN 2010, BY STATE 


a Se a а шы" 
База сл E ЕАО On АВС: 2-2... 


—————ÓM—M——ÓM——— 


Alaska! 

Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
Florida 

Georgia 

Hawaii 

Idaho 

Illinois 

Indiana 

lowa 

Kentucky 
Louisiana 
Maine 

Maryland 
Massachusetts | 
Michigan 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 
Nevada 

New Hampshire 
New Jersey —— 
New Mexico 


North Carolina 
North Dakota 
Ohio — 
Oklahoma 
Oregon 
Pennsylvania 
Rhode Island - 
South Carolina | 
South Dakota _ 
Tennessee 
Texas 


Virginia 
Washington | 
West Virginia | 
Wisconsin 
Wyoming 

Total 
-- Zero. 


Stationary Мо plantsor Dredging Total active 

State Portable апі portable unspecified operations operations 
Alabama 37 12 -- 5 15 69 
39 19 4 6 3 71 
88 106 12 4 = 210 
36 17 3 Е: 3 59 
220 81 21 6 10 338 
96 126 11 24 5 262 
33 21 9 è Ей 63 
4 - - 4 4 12 
28 10 1 7 15 61 
21 4 3 = 17 45 
13 6 2 = -- 21 
52 82 4 21 2 161 
61 18 6 4 27 116 
67 41 13 | 12 134 
46 70 6 7 25 154 
24 47 3 11 34 119 
9 3 2 ] 9 24 
40 14 -- 14 40 108 
72 73 10 8 -- 163 
21 5 1 8 3 38 
58 23 3 1 -- 85 
126 145 31 26 14 342 
166 168 15 23 5 377 
46 18 жа 5 15 84 
35 9 2 == 27 73 
87 71 7 10 -- 175 
45 22 2 7 80 156 
57 33 9 8 - 107 
31 41 8 | x 81 
33 7 4 3 9 56 
52 50 8 9 -- 119 
16] 148 28 22 6 365 
38 21 5 19 14 97 
67 66 3 4 р 140 
100 52 12 6 32 202 
24 17 ES 5 29 75 
39 45 7 13 | 105 
58 27 11 7 7 110 
7 3 4 ] E 15 
12 19 28 2 12 45 
44 84 3 22 = 153 
21 8 2 E 10 41 
150 72 11 18 16 267 
66 82 13 7 е 168 
28 44 6 5 = 83 
20 15 3 13 6 57 
80 87 21 13 6 207 
3 2 a < et 5 
127 150 13 26 2 318 
59 80 | T 2 153 
2,847 2,364 343 418 517 _ 6,489. 


1 n 
An undetermined number 
counted as one operation. 


Stationary 


ining operations on land 


of operations leased from the Bureau of Land Management in Alaska are 


U.S. GEOLOGICAL SURVEY MINE 


-——————Xn—— oe 000000000000 


TABLE 10 
RECYCLED ASPHALT SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE? 


"T" 2009 2010 


Quantity Quantity 
Тах (thousand Value Unit (thousand Value Unit 

“Қат State metric tons) (thousands) value metric tons) (thousands) value 
i Alabama —]5(7(17 $8 77 127 — $233 $187 — [3 seb qu 

1 Alaska 58° 1,200 2077: 31 650 20.85 
|| Аптопа 228! 1,370 5.99" 139 1,200 8.62 
3 Arkansas 86 ' 908 1061" 18 100 5.51 
Йй Califomia 1,700 11,600 6.82 1,480 11,400 7.73 
1 Colorado 362 4050 1117' 377 1590 421 
Connecticut 125° 517 4,14! 141 601 4.26 
, Delaware 2 35 1544! (3) 5 14.36 
| Florida 904 ' 1200 13.65! 7] 1310 17. 
| Georgia 197 ' 4280 21.74: 112 1,970 17.55 
H Hawaii 73 1030 1424! = = = 
| Idaho 95° 587 6.16 ' 185 1,190 6.42 
| Illinois 1,470 ' 12,500 8.56 ' 828 6,360 7.67 
8 Indiana 225 1,870 8.29 ' 138 2,850 20.64 
" lowa 27' 210" 730" 62 227 3.64 
) Капвав 1,290 33200 2573! 1,290 32,600 25.34 
: Kentucky 49 928 19.00: 65 457 700 
: Louisiana 135" 757 5,9! 121 565 467 
' Maine 139 1,130 843! 61 597 9.86 
i Maryland 146 ' 703"  480' 120 625 521 
y Massachusetts 288 ' 2,410 8.38 ' 171 1,350 7.90 
Т Michigan 533 ' 3,010 5.66 ' 883 3,560 4.03 
j Minnesota 531° 5,460" 10.28' 445 3,550 7.97 
[f Mississippi 137 ' 1780 13.04" 81 1,570 19.44 
| Missouri 164 693 4.22 ' 31 120 3.88 
d Montana 9' 89 1033: 50 609 1222 
| Nebraska 84 ' 1,000 12.91" 36 535 1487 
i Nevada 276: 1,500 5.45" 114 638 5.61 
: New Hampshire 297! 3,80 1168" 301 3,840 12.77 
| New Jersey 156 " 1,350 8.66 ' 63 376 5.95 
| New Mexico 47: 262" 5,57" 150 749 5.00 
! New York 382 ' 2,840 7.45 € 299 2,160 7.22 
| North Carolina 875! 7,850 8.96" 931 9,610 1033 
| North Dakota 42: 450 1074: 23 294 12.59 
| Ohio 179 1,090 6.10 123 717 5.83 
Oklahoma 118 1,70 1328! 69 657 9.52 

Oregon 217! 1,580 725" 87 832 9.56 

Pennsylvania 1,020 10,100 9.96 ' 572 5.110 8.92 

Rhode Island 67" 642" 9.59' 20 114 5.62 

South Carolina 205 ' 4420  2154' 269 3,500 12.99 

South Dakota 122 ' 752" 648: 112 1,260 1126 

Tennessee 198 ' 1,450 7.34! 108 747 6,91 

Техав 616 4,650 7.54 259 2,000 7.74 

Utah 235° 1,560 6.64 ' 37 248 6.71 

Vermont 29 426' 14.58" 55 1030 18.67 

Virgina — 233 2980 12.78" 275 2,750 1001 

Washington 170 € 948: 5,59! 114 767 6.74 

West Virginia Е -- -- = а = 

Wessun | 625 ' 4,290 6.86 ' 352 3,350 9.53 

Wyoming 15° 205 13.94! 5 33 6.72 


See footnoets at end of table. 
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TABLE 10—Continued 
RECYCLED ASPHALT SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE!” 


SS SS ват РАНЕ 5 


2009 2010 

Quantity Quantity 
(thousand Value Unit (thousand Value Unit 
State metric tons) (thousands) value metric tons) (thousands) value 
U.S. total or average 15,3007 — $161,000" $10.50! 11,400 $119,000 510.44 

Territory 

Puerto Rico 4S 186 € 4.13 € 45 186 4.13 
Grand total or average 15,400 ' 161,000" 1048! 11,400 119,000 10.41 


Revised, -- Zero. 


"Data are rounded to no more than three significant digits, except unit value; may not add to totals shown. 


Includes construction and demolition companies that do not mine virgin aggregates. 
*Less then % unit. 
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TABLE 11 

RECYCLED CONCRETE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE”? 
a CE 
Quantity Quant ^ —————— 

(thousand Value Unit (thousand Value Unit 

State metric tons) (thousands) value metric tons) (thousands) value 
Alabama — — — — — 51 5377 $14: у Г $87 
Alaska 26' 124 4.76 € 61 300 4.96 
Arizona 69! 485 7.00! 25 269 10.71 
Arkansas 43" 193 4.53 € 27 60 2.20 
California 1,780 ' 14,200" 7.94! 2,860 20,900 7.31 
Colorado 721' 5,010 ' 6.94" 582 3,710 6.38 
Connecticut 41 328 8.01 : 91 647 7.07 
Delaware 7 75 11.02" 108 598 5.51 
Florida о 424 4,830 11.40 304 3,400 11.19 
Georgia 83 274 3.29! 99 2,020 20.34 
Hawaii 22 215 9.64 " 6 70 12.23 
Idaho 32 192 6.05 ' 181 1,090 6.00 
Illinois 1,180 8,820 7.50! 836 5,720 6.85 
Indiana 139 753" 543" 114 863 7.54 
Iowa 28 239" 8.39" 240 1,170 4.88 
Kansas 298 ' 2,230 7.49! 275 1,870 6.80 
Kentucky 441 4,370 9.92 = ыз x 
Louisiana 7 71 1021" 39 691 17.75 
Maine 39 294 7.53 ' 26 198 7.68 
Maryland 389 2,030 521 294 1,330 4.53 
Massachusetts 192 1,610 8.39 142 1,340 9.42 
Michigan 1,010 7,180 7.13 1,210 8,030 6.66 
Minnesota у 782 ' 4,890" 6.25' 571 4,250 7.44 
Mississippi 71 1,550 21.85" 133 1,990 14.96 
Missouri 1 2 4.37 ' 37 322 8.76 
Montana 20 156" 7.7! 34 282 8.34 
Nebraska 122 1,120 9.19 128 1,070 8.38 
Nevada 94! 561! 5.98! 42 255 6.02 
New Hampshire 12 109 8.87 ' 8 77 9.07 
New Jersey 583 4,730 8.11 195 1,360 6.97 
New Mexico ] 2 110” 5 38 7.71 
New York 338 2,620 7.74 ' 250 2,070 8.28 
North Carolina 144 ' 1,850 12.86! 222 2,490 11.22 
North Dakota 17 188 г 11.23 ' 6 63 11.43 
Ohio 337 2,230 6.60 ' 349 2,380 6.81 
Oklahoma 224 2,40 13.14" 87 1,050 11.99 
Oregon 101 882 8.76 ' 70 733 10.44 
Pennsylvania 420 2,450 5.83" 352 1,740 4.94 
Rhode Island 127 948! 748! 84 583 6.91 
South Carolina 216 3,630 16.79! 219 3310 15.07 
South Dakota 110° 535° 4,89! 92 537 5.85 
Tennessee 25 149 6.02 " 22 95 4.41 
Тех (үұұ 859 6,750 7.86 34 273 7.96 
Фа 224 ' 1890 8.45! 280 2340 837 
Vermont” 22 102 4.59: 4 20 5.38 
Virginia — 631 5,680 9.01 674 6010 8.91 
Washington —————— 216 1,360" 631' 307 1,740 5.67 
тена 369 1,940 5.24 1,710 9,160 5.36 
Wyoming 58! 339 5.86" 14 7] 5.53 


See footnotes at end of table. 
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TABLE 11—Continued 


RECYCLED CONCRETE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE"? 


2009 2010 

Quantity Quantity 
(thousand Value Unit (thousand Value Unit 
State metric tons) (thousands) value metric tons) (thousands) value 
U.S. total or average 13,1007 . $103,000" $7.87" 13,400 $98,600 $7.33 

Territory 

Puerto Rico -- -- - -- -- -- 
Grand total or average 13,100 ' 103,000! 787! 13,400 98,600 7.33 


"Revised. -- Zero. 


‘Data are rounded to no more than three significant digits, except unit value; may not add to totals shown. 
Includes construction and demolition companies that do not mine virgin aggregates. 


Less then Ф unit. 


TABLE 12 


U.S. EXPORTS OF CONSTRUCTION SAND AND GRAVEL IN 2010, BY COUNTRY’ 


(Thousand metric tons and thousand dollars) 


I: ORC 


Sand Gravel 
Value, Value, 
Country or territory Quantity fas.” Quantity fas.’ 
North America: 
Bahamas, The 2 450 8 88 
British Virgin Islands 7 78 4 57 
Сапада 17 2,020 239 3,570 
Mexico 3 449 35 915 
Other 3 823 | 129 
Total 32 3,820 287 4,760 
Argentina 2 575 = = 
Ва о 2 1,650 (3) 17 
Ре 2 342 X -- 
_Othr ~~~ 3 1,120 | 4 
зл 9 3,690 | 21 
Lie: —— канын 
_ Denmark ~~~ 2 1,030 - -- 
Сегтапу 1 541 21 764 
_Netherlands == 4 2,260 is -- 
United Kingdom ] 565 4 92 
Other 2 569 2 93 
UN ик 10 4.960 27 951 
А 
Chm ~~~ 5 1,450 (3) 22 
Korea Republic of 2 342 (3) 8 
Other 2 1,880 6 213 
Е ити 9 3,680 6 243 
Oceania ——— ——— (3) 13 1 33 
Middle Eat — ——— ——— | 289 -= тт 
NU TIAM DL 
Africa (3) 126 (3) 4 
_ Grand total ~~~ 


оо 
59 _ 16,600 322 6,010 


| 
Data are rounded to no mo 
totals shown. 


*Free alongside ship. Value of ma 
transaction price, includin 
Ship. 


?Less than И unit. 


Source: U.S. Census Bureau. 


re than three significant digits; may not add to 


terial at U.S. port of export; based on 
g all charges incurred in placing material alongside 
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— TABLE 13 
ы U.S. IMPORTS FOR CONSUMPTION OF CONSTRUCTION SAND 


AND GRAVEL, BY COUNTRY ' 


(Thousand metric tons and thousand dollars) 


си 2009 2010 
E Value, Value, 
Country or territory Quantity cif? Quantity cif? 
Antigua and Barbuda 4 94 ] 16 
: Australia 2 604 7 819 
Bahamas, The 81 1,490 181 2,620 
Canada 2,540 47,500 2,190 42,100 
China 19 2,580 10 2,810 
Germany (3) 327 | 576 
Japan (з) 154 - -- 
Мех!со 228 5,680 226 37,000 
New Zealand NEN 4 755 5 1,490 
Peru 3 683 4 820 
Philippines (3) 70 -- -- 
Other 95 6,120 48 7,580 
Total 2,980 66,100 2,670 95,900 
-- Zero. 


! Data are rounded to no more than three significant digits; may not add to 
totals shown. 


2 Cost, insurance, and freight. Value of material at U.S. port of entry; based оп 
purchase price and includes all charges (except U.S. import duties) in bringing 


material from foreign country to alongside carrier. 


?Less than % unit. 


Source: U.S. Census Bureau. 


SAND AND GRAVEL, CONSTRUCTION—2010 
64.17 


Noch)? 


50 


— Not in the top 100 producers of crushed stone in the United S 


TABLE 14 
THE TOP 100 PRODUCERS OF CONSTRUCTION SAND & GRAVEL IN THE UNITED STATES IN 2010! 


2010 2009 


Rank Rank Company 


1 Oldcastle Materials, Inc. 
2 CEMEX S.A.B. de C.V. 
3 Vulcan Materials Co. 
4 Lehigh Hanson, Inc. 
5 MDU Resources Group, Inc. 
8 Bureau of Land Management 
6 Holcim Group/Aggregate Industries Mgmt., Inc. 
10 Martin Marietta Aggregates 
9 Lafarge North America, Inc. 
12 Granite Construction, Inc. 
7 Mitsubishi Materials Corp. 
15 Trinity Industries, Inc. 
14 Cal Portland Co. 
11 Fisher Industries 
13 Clyde Cos., Inc. 
17 Colas, Inc. 
16 A. Teichert & Son, Inc. 
22 Texas Industries, Inc. 
34 Edw. C. Levy Co. 
20 Nugent Sand Co. 
21 Gila River Indian Community 
19 Fordyce Ltd. 
24 Lyman-Richey Sand & Gravel Co. 
18 Las Vegas Paving Corp. 
29 R.E. Janes Gravel Co. 
23 York Building Products Co. 
25 Mathy Construction Co. 
38 L.G. Everist, Inc. 
27 Ash Grove Cement Co. 
32 АП American Asphalt Co. 
37 Lattimore Properties, Inc. 
48 Multisources Ltd. 
70 Fred Weber, Inc. 
44 Dan Gernatt Gravel Products, Inc. 
30 McMurry Ready Mix Co. 
— Summit Materials LLC 
28 Southern Aggregates LLC 
50 Irving Materials, Inc. 
60 U.S. Concrete, Inc. 
55 Holliday Rock Products Corp. 
35 Central Specialties, Inc. 
62 F ST Sand & Gravel, Inc. 
26 Mulzer Crushed Stone, Inc. 
41 Miles Sand & Gravel Co. 
91 Scepaniak WM Construction 
69 The Olen Corp. 
64 Salt River Pima-Maricopa Indian Community 
36 E.R. Jahna Industries, Inc. 
45 New Enterprise Stone & Lime Co., Inc. 
86 Clemente Materials, Inc. 


Па descending order of tonnage produced. 
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2010 2009 
Rank Rank Company 


51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
9] 
92 
93 
94 
95 
96 
97 
98 
99 
100 


46 Thelen Sand & Gravel, Inc. 
51 Sundre Sand & Gravel, Inc. 
31 Eucon Corp. 

82 Ennstone Inc. 

72 Watson Gravel, Inc. 

— Lopke F S Contracting Inc. 
71 Wood Resources Corp. 

57 Blain Sand & Gravel, Inc. 
84 Heritage Group 

67 Boral USA 

58 Chandler Aggregates, Inc. 
— Simpson Construction Materials, LLC 
47 Dolese Bros. Co. 

81 Memphis Stone & Gravel Co. 
74 Wright Materials, Inc. 

— Varra Companies Inc. 

95 A. Lindberg & Sons, Inc. 
— Croell Redi-Mix Inc. 

73 Grand Rapids Gravel Co. 
39 Quikrete Companies, Inc. 
— Welch S&G Inc. 

54 Snyder Associated Cos., Inc. 


100 Strata Corp. 


43 Jobe Materials, LP 

40 Capital Sand Co., Inc. 

68 Southwest Rock Products, LLC 
76 Hilltop Basic Resources, Inc. 
— Miller Springs Materials 

— Cranesville Aggregates 

— O.L. Thompson Construction 
— Hammett Gravel Co. 

— Mark S&G Co. 

56 Standard Gravel Co., Inc. 

90 Roanoke Sand & Gravel Corp. 
— Cretex Companies, Inc. 

52 Amboy Aggregates 

61 South way Construction Co., Inc. 
— Chaney Enterprises Ltd. 

— Aggregate Construction Inc. 
— Bayou Sand & Gravel LLC 

— Wissota Sand & Gravel Co. 

88 Continental Materials Corp. 

65 Aggregate Resources, Inc. 

— А & S Construction Co. 

— Upper Valley Materials Ltd. 
— Baldwin Sand & Gravel Co. 
66 Pacific Aggregates, Inc. 

63 Rieth-Riley Construction Co., Inc. 
96 St. Charles Sand Co. 

— Higman Sand & Gravel, Inc. _ 


tates in 2009. 
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SELENIUM AND TELLURIUM 


BN 
i By Micheal W. George 
m Domestic survey data and tables were prepared by Hodan A. Fatah, statistical assistant, and the world production tables 
were prepared by Glenn J. Wallace, international data coordinator. 
In 2010, the average U.S. dealers' prices for commercial- Consumption 
grade selenium and average European price for tellurium | | | 
increased from those of yearend 2009. Estimated global Selenium.—1n 2010, world 2. of e 1. 
consumption for both metals also increased. One copper refinery estimated to be higher than 200 consumption owing to the 
in Texas reported domestic production of primary refined global economic recovery. Selenium consumption in the glass 
selenium and tellurium. Domestic production of selenium and industry incr eased because of increased glass production. Si 
іш tellurium remained nearly unchanged in 2010, as did estimates estimated global distribution of consumption of selenium y 
application was metallurgy, 3096; glass manufacturing, 3096; 


of global production. 

Except for two new mines in China, which began production 
in 2010, selenium and tellurium were recovered as byproducts 
of nonferrous metal mining, mostly from the anode slimes 
produced during the electrolytic refining of copper. Selenium 
and tellurium were also recovered as byproducts from gold, 
lead, nickel, platinum, and zinc mining. 

In a 2006 survey of 56 worldwide electrolytic copper refiners, 
32 and 45 plants, respectively, reported selenium and tellurium 
in their anode slimes. The selenium-containing slimes averaged 
7% selenium by weight, with a few containing as much as 25% 
selenium. Tellurium concentrations were generally lower and 
averaged 2% (Moats and others, 2007, p. 202—241). 

Selenium and tellurium can also be recovered economically 
from industrial scrap and chemical process residues. Obsolete 
and damaged photoreceptor drums from plain paper copy 
machines have been shipped by manufacturers to refineries for 
recovery of selenium and tellurium metal. The supply of old 
drums, however, has declined in recent years and now appears 
to be nearly exhausted. 


Production 


ASARCO LLC's (Tucson, AZ) copper refinery in Amarillo, 
TX, was the only U.S. producer of refined selenium and 
tellurium. One copper refinery produced and exported 
semirefined material containing 90% selenium plus tellurium 
for toll-refining in Asia. One copper refiner, which generated 
selenium- and tellurium-containing slimes that were exported 
for processing, closed in mid-2010. This left only one other 
US. refinery that generated selenium- and tellurium-containing 
slimes that were exported for processing in 2010. Most of 
the selenium and tellurium contained in domestic anode 
Slimes came from copper ores in Arizona and Utah. Domestic 
production of selenium and tellurium remained relatively 
unchanged in 2010. 

With the higher price of tellurium that persisted during 
2007-10 and projected increases in demand, tellurium was 
Increasingly viewed as a valuable byproduct. This helped 
stimulate exploration for gold-telluride ores, including some 
early stage projects in the Western United States and Mexico. 


SELENIUM AND TELLURIUM—2010 


agriculture, 10%; chemicals and pigments, 10%; electronics, 
10%; and other, 10%. 

The main use for selenium in metallurgical end uses was 
for the production of electrolytic manganese in China where 
selenium dioxide (SeO,) was substituted for sulfur dioxide to 
reduce the power required to operate electrolytic cells. In 2010, 
demand for selenium by electrolytic manganese metal producers 
in China decreased compared with that in 2009 owing to 
decreased consumption of electrolytic manganese metal by steel 
producers. About 2 kilograms (kg) of SeO, was used per metric 
ton of electrolytic manganese metal produced. 

Metallurgical-grade selenium was used as an additive to cast 
iron, copper, lead, and steel alloys to improve machinability 
and casting and forming properties. In the United States, 
selenium was used as an alloy with bismuth to substitute for 
lead in plumbing fixtures in response to requirements of the 
Safe Drinking Water Act Amendments of 1996 (Public Law 
104—182) to reduce lead in potable water supplies. In lead-acid 
storage batteries, the addition of a small amount, about 0.02% 
by weight, of selenium to low-antimony lead alloys used in the 
support grids improves the casting and mechanical properties of 
the alloy. 

Selenium was used to decolorize the green tint caused by 
iron impurities in container glass and other soda-lime silica 
glass. It was also used as a colorant in art and other glass, such 
as architectural plate and automobile glass to reduce solar heat 
transmission through the glass. 

Selenium, an essential micronutrient for animal and human 
health, was added to fertilizer used to grow crops for animal and 
human consumption. This practice was more common outside 
the United States, in countries with selenium-poor soils, such as 
Australia and China. 

Chemical and pigment uses of selenium include industrial 
and pharmaceutical applications. Selenium’s principal 
pharmaceutical use was in shampoo to control dandruff and 
dermatitis and as an antifungal agent. Cadmium sulfoselenide 
compounds were used as pigments in ceramics, glazes, paints 
and plastics, but because of the relatively high cost and ће | 
toxicity of cadmium-based pigments, their use was generally 
restricted to applications where they were uniquely suited. 


Additionally, selenium was used in catalysts to enhance 
selective oxidation in plating solutions to improve appearance 
and durability, in blasting caps and gun bluing, in digital x-ray 
detectors, and in zinc selenide for infrared windows in carbon 
dioxide lasers. 

Although conventional silicon-based cells remained the 
dominant photovoltaic (PV) technology, thin-film PV cells 
production continued to increase in 2010 to an estimated 14% 
of the total market share. Three major types of thin-film PV 
cells were in commercial production—amorphous silicon and 
thin-silicon, cadmium telluride (CdTe), and copper indium 
gallium diselenide (CIGS). Several companies announced plans 
to expand production of nonsilicon-based solar cells within 
the next several years. Projections indicated that total thin-film 
capacity would reach 10 gigawatts (GW) by 2012, with a CdTe 
capacity of 2.47 GW and a CIGS capacity of 2.11 GW. Recent 
advancements in CIGS thin films have reduced production costs, 
improved performance, and reduced the environmental impact 
of production. In 2010, more than 40 companies were involved 
in the development of CIGS products; however, very few 
produced cells commercially (Mehta, 2010). 

Tellurium.—World demand for tellurium was estimated to 
have increased in 2010. The leading use for tellurium was as a 
metallurgical alloying element. Tellurium was used in steel as 
a free-machining additive, in copper to improve machinability 
while not reducing conductivity, in lead to improve resistance 
to vibration and fatigue, in cast iron to help control the depth 
of chill, and in malleable iron as a carbide stabilizer. Owing to 
recent higher tellurium prices, many steel and nonferrous metals 
producers have reduced consumption and found substitutes for 
tellurium. | 

Consumption in chemical, catalysts, and other uses declined 
owing to the recent increases in price. Tellurium was used as 
a vulcanizing agent and as an accelerator in the processing of 
rubber and in catalysts for synthetic fiber production. Other 
applications included the use of tellurium in blasting caps and 
as a pigment to produce blue and brown colors in ceramics and 
glass. 

High-purity tellurium was used in alloys for electronics 
applications, such as thermal imaging, thermoelectric, 
phase-change memory, and photoelectric devices. Consumption 
of tellurium in these applications was estimated to have Increase 
in 2010 because of the global economic recovery. 

Mercury-cadmium-telluride was used in thermal-imaging 
devices to convert the raw image into a crisp picture on the 
screen, for infrared sensors, and for heat-seeking missiles. 
Semiconducting bismuth telluride was used in thermoelectric 
cooling devices employed in electronics and consumer products. 
These devices consist of a series of couples of semiconducting 
materials which, when connected to a direct Current, cause 
one side of the thermo element to cool while the other side 
heats. Thermoelectric coolers were most commonly used in 
electronics and military applications, such as the cooling of 
infrared detectors, integrated circuits, laser diodes, and medical 
instrumentation. The devices were also used in high-end 
automobile car seats to cool seats on hot days. With the global 
economic recovery, tellurium consumption in thermoelectric 
consumer goods increased in 2010. 


65.2 


During 2010, the CdTe thin-film PV cell industry increased 
investments in research and capacity. First Solar Inc. (Phoenix, 
AZ), the global leader in CdTe production, had plants in 
Germany, Ohio, and, Malaysia. In 2010, estimated global 
production for First Solar rose to 1,300 megawatts (MW) 
of capacity, from 1,230 MW in 2009, owing to expansion 
at its plant in Malaysia. First Solar reported plans to expand 
production to 2,100 MW of capacity by 2012 owing to 
expansions in Germany and construction of new plants in France 
and Malaysia. Another CdTe manufacturer, Abound Solar Inc. 
(Fort Collins, CO), with production facilities in Longmont, CO, 
had a capacity of 200 MW. In December, the company received 
а $400 million loan guarantee from the U.S. Department of 
Energy and planned to build a new 640-MW plant in Tipton, ID. 
Other manufacturers that were planning to produce CdTe solar 
cells included Calyxo GmbH (Bitterfeld-Wolfen, Germany), 
PrimeStar Solar Inc. (Arvada, CO), and Solexant Corp. (San 
Jose, CA). 5N Plus Inc. (Saint-Laurent, Quebec, Canada) was 
the principal supplier of high-purity cadmium and tellurium to 
the thin-film industry. The company si gned long-term contracts 
with much of the thin-film industry and has set up solar-cell 
recycling facilities in Malaysia and the United States (Mehta, 
2010; Metal-Pages, 2010a; Runyon, 2010; Wesoff, 2010). 


Prices 


The Platts Metals Week annual average New York dealer price 
for selenium was $37.83 per pound in 2010 and was 64% higher 
than the annual average price in 2009. The price started the year 
at about $30 per pound, where it remained for the first 2 months 
of 2010. The price increased to about $39 per pound In March 
before decreasing to $36 per pound in June. The price rose in 
September because of increased demand owning to glass and 
ceramics production in India, and finished the year at $49 per 
pound (Metal-Pages, 2010c, d). | 

Metal-Pages published a Rotterdam 99.99%-риге tellurium 
price, which averaged $221.25 per kilogram in 2010. The P 
range began the year at $145 to $170 per kilogram and steadily 
Increased until it reached a price range of $230 to $250 per 
kilogram on May 11. The price range started to decrease den 
beginning of July, and by the end of July, the price leveled bs 
at $210 to $230 per kilogram. The price range increased үр : 
to $250 per kilogram on October 12 before it jumped to $2 у 
$300 per kilogram on November 25. The price range decrease 
slightly on December 23 to $265 to $300 per kilogram. 


Foreign Trade 


Exports of selenium materials in 2010 increased by d 
compared with those of 2009. In descending И - 
Hong Kong, the Republic of Korea, China, Australia, an "s 
accounted for 82% of selenium exports in 2010 (table i e 
annual average value of exports in 2010 of $17.41 per kilog 
was higher than the $16.79 per kilogram in 2009. bs 

In 2010, imports of selenium (SeO, and selenium unw | 
and waste and scrap) increased by 82% to 480 metric Fa 
(t) compared with 2009 imports (table 3). China, и 
the Philippines, Japan, Germany, Mexico, and Canada, 
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descending order, accounted for 94% of the imports of selenium 
metal and SeO, into the United States in 2010. 

Imports of unwrought tellurium and tellurium waste and scrap 
decreased by 5096 in 2010 compared with imports in 2009. The 
leading suppliers, in descending order, Canada, the Philippines, 
China, and Belgium, accounted for 9796 of the total imports of 
tellurium metal into the United States (table 5). The average 
value of imports in 2010 was $217.14 per kilogram of tellurium, 
which was the alltime high. 

In 2010, tellurium exports rose to 59 t, from 8 t in 2009. The 
main destinations were, in descending order, China, the United 
Kingdom, Belgium, the Philippines, Hong Kong, and Canada, 
which accounted for 9796 of total tellurium exports (table 4). 
The average value of exports of tellurium in 2010 was $91.44 
per kilogram, which was lower than the 2009 value of $148.33 
per kilogram because of the export of low-value and low-grade 
tellurium material, such as waste and scrap, because of the 
higher price of tellurium. 


World Review 


Global selenium and tellurium output cannot be easily 
determined because not all companies or countries report 
production and because trade in scrap and semirefined products 
may be included in selenium trade data. 

In 2010, refinery production of selenium, based on data 
from a select few countries, decreased 396 to 2,120 t (table 6). 
Average world production was estimated to be about 3,000 to 
3,500 metric tons per year (t/yr) of selenium and 450 to 500 t/yr 
of tellurium. Based on global copper refinery data (Moats and 
others, 2007, p. 202—241), the U.S. Geological Survey estimated 
that copper anode slimes in 2006 contained 4,600 t and 1,200 t, 
respectively, of selenium and tellurium. 

Belgium.—In 2010, Umicore Precious Metals Refining 
received 350,000 t/yr of mixed metal material to recycle. The 
company has a capacity to produce 600 t/yr of selenium and 150 
Uyr of tellurium powder (Metal-Pages, 20105). | 

Canada.—In 2010, the Canadian Government estimated 
selenium production to be 79 t, down by 40% compared with 
revised 2009 production. Tellurium production in Canada was 
А E E by 50% from that of 2009 (Natural Resources Canada, 

China.—In 2010, China was the leading consumer of 
selenium, with about 4096 to 5096 of world consumption, as 
well as a significant producer. China still depended, however, 
on imports for most of its selenium needs and imported 1,570 t 
of selenium products in 2010, a slight increase compared with 
2009 imports. China's consumption of selenium was estimated 
to be 1,500 to 2,000 t/yr, with electrolytic manganese production 
consuming about 1,000 t/yr and ceramics and glassmaking 
consuming 350 t/yr combined. In 2010, the country had about 
500 Uyr of refined selenium capacity, but this was expected 
[0 increase to 600 t/yr when new production techniques 
were implemented (Roskill's Letters from Japan, 2010a, b; 
Metal-Pages, 201 1). 

Apollo Solar Energy, Inc. (Chengdu, Sichuan Province) 
started up two mines where the main product was tellurium. 
Production from these mines was expected to supply 6096 to 
70% of the company's needs for tellurium to produce solar 
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cells. The company announced that the indicated and inferred 
resources for the Dashuigou project were 30,200 t of ore grading 
1.09% tellurium and containing 328 t of tellurium, and the 
Majiagou project resources were 13,400 t of ore grading 3.26% 
tellurium and containing 437 t of tellurium (Metal-Pages, 2009; 
Apollo Solar Energy, Inc., 2010, p. 18). 

Japan.—The major producers of selenium and tellurium were 
Mitsubishi Materials Corp.; Mitsui Metal Mining and Smelting 
Co., Ltd.; Nippon Rare Metals, Inc.; Pan Pacific Copper Co., 
Ltd.; Shinko Chemicals Co., Ltd.; and Sumitomo Metal Mining 
Co., Ltd. In 2010, selenium production was estimated to be 
754 t, an increase of 5% compared with revised 2009 
production. In 2010, stockpiles of selenium dropped to 40 t from 
160 t in 2009. Most Japanese production of tellurium was as a 
byproduct of copper refining, and the majority was exported. 
Domestic consumption was dominated by Japanese steel 
industry (Roskill's Letters from Japan, 2010a, b; 2011). 

Mexico.—Southern Copper Corp. (Phoenix, AZ) operated the 
La Caridad precious metals plant in the State of Sonora, which 
had a capacity to produce 342 kilograms per day of selenium. 
Production in 2010 likely declined owing to lower production of 
refined copper (Southern Copper Corp., 2011, p. 37). 

Peru.—Southern Copper produced selenium at its Ilo refinery 
in the southern Peru. In 2010, selenium production was 59,000 
kg, up by 5% compared with that of 2009 (Southern Copper 
Corp., 2011, p. 47). 


Outlook 


The supply of selenium and tellurium is directly affected 
by the production of the principal product from which it is 
derived—copper—and to a lesser extent, by the production of 
gold, lead, nickel, or zinc produced from sulfide ores. Since 
global refined production of copper was projected to increase, 
production of selenium and tellurium also was expected to 
increase in 2011. Increased recovery rates at copper refiners 
could increase selenium and tellurium supply, and longer term 
investments in gold-tellurium deposits and other sources of 
tellurium, such as the tellurium mines in China, could boost 
the global rate of tellurium production above the growth in 
copper production. Although increased environmental regulation 
and prices have encouraged the recycling of electronic scrap, 
recovery of selenium and tellurium has been declining during 
the past several years owing to the reduction in available scrap 
selenium- and tellurium-based copier drums. However, many 
high-grade tellurium producers and users were recovering much 
of the manufacturing scrap from the production of consumable 
goods. Also, solar-cell recycling plants have been built in the 
United States and around the world that would capture selenium 
and tellurium from CIGS and CdTe cells. 

Demand from China for selenium was expected to increase 
owing to increased demand from the electrolytic manganese 
metal industry. Global demand for selenium from glass and 
solar cell manufacturers will probably increase, as there are few 
substitutes in glass manufacturing, and the expansion of solar 
cell production was expected to continue. 

In 2011, tellurium consumption was expected to increase 
chiefly owing to increased electronics and solar-cell producti 
As the technologies for these uses, especially solar cells wd 


65.3 


"ООО СООО 


thermoelectronics, continue to advance, manufacturers likely 
will find ways to reduce unit consumption through efficiency, 
recycling, and thrifting. Consumption for metallurgical alloying 
and chemicals was expected to decrease as the cost of tellurium 
continues to rise; producers of low-value products were 
expected to find substitutes. 
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SALIENT SELENIUM AND TELLURIUM STATISTICS! 


(Kilograms, contained metal, unless otherwise specified) 


—————— 


Selenium: 
United States: 
Production, primary refined 


Exports 
Imports for consumption 


Dealers' price, average, commercial grade,” dollars per pound 
World, refinery production 


Tellurium, United States: — 
Production, primary refined 
Exports 
Imports for consumption 


WT eU Aere А — ———— Ll 


Price, commercial grade,’ dollars per kilogram 


"Estimated, "Revised. W Withheld to avoid disclosing company proprietary data. 


І Pes 
Data are rounded to no more than three significant digits, except prices. 
"Source: Platts Metals Week. 
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2006 2007 2008 2009 2010 
W W W W ы 
592.000 ' 562.000 ' 618,000 ' m 
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aor 2.120,000 * 
2,200,000 ' 2,180,000" 2,190,000" | 218 | 
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14,100 19,800 46,200 38,100 c 
60.00 110.00 175.00 13000 05 


| А A is price 
price published by Mining Journal for United Kingdom lump and powder, 99.95% tellurium. On September 14, dus pos 
Tice was the average September 14 price published by Mining Journal for United Kingdom lump and powder, 99.95% 


tellurium. 
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Country 


Argentina 
Australia 
Belgium 
Canada 
Chile 
China : 
Colombia 
Costa Rica 
France 
Germany 
Hong Kong 
India 
Indonesia 
Israel 


Italy 
Japan 


Korea, Republic of 


Malaysia 


Mexico 
Netherlands 
Panama 
Peru 


Philippines 


Singapore 
South Africa 
Sweden 
Taiwan 


United Kingdom 


Venezuela 
Vietnam 
Total 


‘Revised. -- Zero. 


TABLE 2 
U.S. EXPORTS OF SELENIUM! 


2009 


Quantity 
(kilograms, 
contained Se) 
5,540 
93,200 
12,000 


15,600 ' 


2,170 
141,000 
3,970 
550 
64,200 
151,000 


3,470 


6,120 
[41 
38,700 
1,610 
11,100 


618,000 * 


Value 
$85,800 
1,440,000 
138,000 
440,000 
33,700 
2,410,000 
67,500 
2,940 
1,090,000 
2,650,000 


51,900 
3,800 
39,300 
832,000 
2,630 
172,000 
26,000 
13,000 
44,800 
9,280 
626,000 
25,000 
169,000 


10,400,000 


Quantity 

(kilograms, 
contained Se) 
6,960 
99,800 
502 
26,900 
101,000 
8,680 
263 
212,000 
160,000 
5,500 
18,500 
750 
72,600 
106,000 
36,100 
120 
6,490 
2,370 
15,600 
11,800 
8,220 
1,950 
15,800 
924 
919,000 


Value 
$108,000 
2,060,000 
7,780 
783,000 
1,530,000 
99,100 
4,070 
3,290,000 
3,280,000 
85,300 
287,000 
11,600 
1,130,000 
1,890,000 
569,000 
3,110 
99,100 
40,400 
121,000 
167,000 
133,000 
41,000 
246,000 
14,300 
16,000,000 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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TABLE 3 
U.S. IMPORTS FOR CONSUMPTION OF SELENIUM! 


2009 2010 
Quantity Quantity 
(kilograms, (kilograms, 
Class and country contained Se) Value contained Se) Value 
Selenium: 
Belgium 39,100 $1,760,000 89,200 $7,110,000 
Canada 43,000 1,950,000 38,200 2,810,000 
China 18,000 1,090,000 96,400 4,580,000 
Germany 43,900 2,320,000 47,100 3,660,000 
Hong Kong 1 3,400 2,000 148,000 
India -- -- 5 7,250 
Japan 19,600 846,000 59,400 4,550,000 
Korea, Republic of -- -- 6,000 429,000 
Мехісо 42,000 1,680,000 38,700 2,500,000 
Netherlands 1,280 54,000 1 6,550 
Реги 1,800 64,000 -- - 
Philippines 35,600 2,080,000 72,500 6,660,000 
United Kingdom 15,700 897,000 21,400 1,640,000 
Total 260,000 12,700,000 471,000 34,100,000 
Selenium dioxide: 
Сай 0 -- -- 6,290 401,000 
Germany 3,230 197,000 1,620 159,000 
Japan 193 12,700 1,260 65,800 
Total 3,420 210,000 9,170 626,000 
263,000 13,000,000 480,000 34,700,000 


Grand total 
-- Zero. 


% 


! Data are rounded to no more than three significant digits; may not add to totals shown. 


?Selenium content calculated as 71% of gross weight of material. 


Source: U.S. Census Bureau. 


Country 
Australia 
Belgium 
Brazil 
Canada 
China 
France 
Germany 
Hong Kong 
India 
Japan 
Korea, Republic of 
Mexico 
Philippines 
Taiwan 
United Kingdom 
Total 


-- Zero. 


TABLE 4 
U.S. EXPORTS OF TELLURIUM! 


eee шыны D 
2010 


2009 
Quantity Quantity 
(kilograms, (kilograms, 
contained Te) Value contained Te) 
-- -- 489 
213 $32,000 6,540 
92 16,400 90 
157 7,540 906 
2,010 301,000 25,800 
13 7,760 243 
2,250 476,000 746 
1,880 161,000 1,930 
95 13,100 -- 
-- -- 48 
-- -- 10 
-- -- 29 
-- -- 6,320 
556 81,000 -- 
878 110,000 15,900 
8,130 1,210,000 59,000 


Value 
$73,400 
1,340,000 
14,400 
833,000 
1,850,000 
121,000 
245,000 
289,000 
9,020 
10,600 
5,230 
185,000 
423,000 
5,400,000 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
K—2010 
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TABLE 5 
U.S. IMPORTS FOR CONSUMPTION OF TELLURIUM' 


2009 2010 
Quantity Quantity 
(kilograms, (kilograms, 
Country contained Te) Value contained Te) Value 
Belgium 3,220 $227,000 2,050 $440,000 
Canada 18,300 4,030,000 26,900 6,100,000 
China 39,400 3,310,000 4,050 1,150,000 
Germany 12 7,880 33 11,900 
Japan mE 3,020 485,000 31 28,200 
Kazakhstan 200 36,000 -- -- 
Korea, Republic of 500 198,000 -- -- 
Мехісо 2,790 377,000 -- -- 
Netherlands 52 3,500 — -- 
Phillippines 10,200 1,890,000 7,520 1,090,000 
Russia 5,780 691,000 680 156,000 
Ukraine -- -- 3 11,000 
United Kingdom 390 69,000 331 49,400 
Total 84,000 11,300,000 41,600 9,040,000 
-- Zero. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
Source: U.S. Census Bureau. 
TABLE 6 
SELENIUM: WORLD REFINERY PRODUCTION, BY COUNTRY"? 
(Kilograms, contained selenium) 
бошпу ЖОО ЖЕР” 7 Exe СЕ 
Belgium* "n 200,000 200,000 200,000 200,000 200,000 
Canad И 106,000 144,000 156,000 > 173,000 5 79,000 > 
Спе“ 74,000 70,000 78,000 90,000 ' 90,000 
Finland* 62,000 60,000 64,730 $ 65,000 60,000 
Germany? 650,000 ' 650,000 ' 650,000 ' 650,000 ' 650,000 
Шаб 13,000 14,000 14,000 15,000 15,000 
Јарап 730,100 805,600 754,000 5 722,200"? 753,300: 
Реги 49,800 45,000 45,000 45,000 45,000 
Philippine — — — — — 65,000 65,000 65,000 65,000 65,000 
Russia" 110,000 120,000 130,000 140,000 140,000 
Serbia? 7,500 7,500 7,500 7,500 7,500 
Sweden" 20,000 20,000 20,000 20,000 20.000 
United States | | ud ud ы Ш w 
Total 2,090,001 2,200,000* 2,180,000" 2,190,000" 2,120,000 


Е о 
"Estimated. "Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data; not included in total. 

World totals and estimated data have been rounded to no more than three significant digits; may not add to totals shown. 

"Insofar as possible, data relate to refinery output only; thus, countries that produced selenium contained in copper ores, copper concentrates, blist 

and (or) refinery residues but did not recover refined selenium from these materials indigenously were excluded to avoid double counting. T. b | аах 
available through June 7, 2011. ng. Table includes data 
"In addition to the countries listed, Australia, China, Iran, Kazakhstan, Mexico, Poland, and Uzbekistan produced refined selenium but output i 

available information is inadequate for formulation of reliable estimates output levels. Australia is known to produce selenium in үе is 215 on 
products and has facilities to produce elemental selenium. In addition to having facilities for processing imported anode slimes for the re | M d 
and precious metals, the United States has facilities for processing selenium scrap. covery of selenium 
"Excludes selenium intermediates exported for refining. | 

"Reported figure. 

‘Рав are for Indian fiscal year beginning April 1 of year stated. 
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TABLE 7 
TELLURIUM: WORLD REFINERY PRODUCTION, BY COUNTRY"? 


(Kilograms, contained tellurium) 


— Hae ———— GREEN а ИН S - TID RS 


Country? 2006 2007 2008° 2009* 2010* 
Canada" 10,000 14,000 19,000 16,000 8,000 Р 
Japan 35,000 41,000 46,500" 49,200 ' 51,000 
Peru 37,000 35,000 28,000 30,000 30,000 
Russia‘ 34,000 34,000 34,000 34,000 34,000 
United States W W W W W 


*Estimated. "Preliminary. "Revised. W Withheld to avoid disclosing company proprietary data. 

Estimated data are rounded to no more than three significant digits. 

?Insofar as possible, data relate to refinery output only; thus, countries that produced tellurium contained in copper ores, copper concentrates, blister copper, 
and (or) refinery residues but did not recover refined tellurium are excluded to avoid double counting. Table is not totaled because of exclusion of data from 
major world producers. 

? Australia, Belgium, Chile, China, Colombia, Germany, Mexico, the Philippines, Poland, and some countries of the Commonwealth of Independent States, 
including Kazakhstan, are known to produce refined tellurium, but output is not reported; available information is inadequate for formulation of reliable 
estimates of output levels. 

^Excludes tellurium intermediates exported for refining. 
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SILICA 
By Thomas P. Dolley 


и Four silica categories are covered in this report—industrial 
^w бапа and gravel, quartz crystal (a form of crystalline silica), 
"PX special silica stone products, and tripoli. Most of the stone 
— covered in the special silica stone products section is novaculite. 
The section on tripoli includes tripoli and other fine-grained, 
| porous silica materials, such as rottenstone, that have similar 
iin properties and end uses. Certain silica and silicate materials, 
MES већ as diatomite and pumice, are covered in other chapters of 
| the U.S. Geological Survey (USGS) Minerals Yearbook, volume 
ps I, Metals and Minerals. Trade data in this report are from the 
n U.S. Census Bureau. All percentages were computed using 
unrounded data. 


Industrial Sand and Gravel 


Total industrial sand and gravel production in the United 
States increased to 29.9 million metric tons (Mt) in 2010 from 
24.6 Mt in 2009 (table 1). After the steep decline from 2008 
to 2009, industrial sand production increased by 2296, and 
industrial gravel production, by 396, compared with that of 
2009. During the year, the value of production exceeded $1 
billion—the first time in the history of the USGS voluntary 
survey of U.S. producers of industrial sand and gravel. — 
Estimated world production in 2010 was 121 Mt, a 6% increase 
compared with 2009 production (table 10). 

Industrial sand and gravel, often called “silica,” “silica 
sand," and “quartz sand,” includes sands and gravels with high 
silicon dioxide (SIO,) content. Some examples of end uses for 
these sands and gravels are in abrasives, filtration, foundry, 
glassmaking, hydraulic fracturing (frac), and silicon metal 
applications. The specifications for each use differ, but silica 
resources for most uses are abundant. In almost all cases, silica 
mining uses open pit or dredging methods with standard mining 
equipment. Except for temporarily disturbing the immediate 
area while operations are active, sand and gravel mining usually 
has limited environmental impact. 

The production increase for silica sand in 2010 was largely 
attributable to surging demand for hydraulic fracturing sand. 
The increased demand for hydraulic fracturing sand was the 
result of ongoing and increased exploration and production 
of natural gas from various underground shale formations 
throughout the United States. Additionally, most major silica 
sand producers had production capacity increases for hydraulic 
fracturing sand along with the addition of newer hydraulic 
fracturing sand operations to the USGS voluntary survey of 
U.S. producers. Increased demand was noted for uses such as 
sand for abrasives, chemicals, fiberglass, flat glass, hydraulic 
fracturing, well packing and cementing, and whole grain silica. 
Production of the remaining end uses for silica sand in 2010 
either remained static or experienced declines compared with 
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Domestic survey data and tables were prepared by Annie Hwang, statistical assistant, and the world production table was 
~> prepared by Glenn J. Wallace, international data coordinator. 


those of the previous year. Demand for silica gravel increased 
slightly for all end uses. 

Legislation and Government Programs.—Effective 
January 24, 2008, the Occupational Safety and Health 
Administration (OSHA) announced a new National Emphasis 
Program to target worksites where employees are at risk 
for silicosis. Other elements included in the directive are an 
evaluation procedure for recording reductions of employee 
exposures to silica, as well as information on outreach programs, 
partnerships and alliances with employers to share resources, 
and training to reduce employee exposure (Occupational Safety 
and Health Administration, 2008, p. 10). 

One of the most important issues affecting the industrial 
minerals industry in recent years has been the potential effect 
of crystalline silica on human health. Central to the ongoing 
and often heated debate have been the understanding of the 
regulations and the implementation of the measurements and 
actions taken to mitigate exposure to crystalline silica and 
appreciation of the impact of such exposure on the future of 
many industries (Industrial Minerals, 1998). OSHA created 
a permissible exposure limit that stipulated the maximum 
amount of crystalline silica to which workers may be safely 
exposed during an 8-hour work shift (29 CFR §§1926.55 and 
1910.1000). OSHA also established guidelines and training for 
the proper handling of crystalline silica (Occupational Safety 
and Health Administration, 2002). 

Production. —Domestic production data for industrial sand 
and gravel were developed by the USGS from a voluntary 
survey of U.S. producers. The USGS canvassed 68 producers 
with 116 operations known to produce industrial sand and 
gravel. Of the 116 surveyed operations, 113 (9796) were 
active, and 3 were idle. The USGS received responses from 
68 operations, and their combined production represented 
77% of the U.S. total. Production for the 48 nonrespondents 
was estimated, primarily on the basis of previously reported 
information, supplemented with worker-hour reports from 
the Mine Safety and Health Administration (MSHA) and 
Information from State agencies. 

The Midwest (East North Central and West North Central 
divisions) led the Nation with 49% of the 29.9 Mt of industrial 
sand and gravel produced in the United States, followed b 
the South (South Atlantic, East South Central, and West South 
Central divisions) with 39%, the West (Pacific and Mountain 
divisions) with 796, and the Northeast (New England and 
Middle Atlantic) with 596 (table 2). 

id ne о Sis were, in descending order 

193 3 NE > a, Oklahoma, North 
Carolina, California, and Michigan (table 3). Their combined 
production represented 6494 of the national total. States E 
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which data have been withheld in table 3 are not included 
among the leading producers. 

Of the total industrial sand and gravel produced, 88% was 
produced by 49 operations, each with production of 200,000 
metric tons per year (t/yr) or more (table 4). The 10 leading 
producers of industrial sand and gravel were, in descending 
order, Unimin Corp.; U.S. Silica Co.; Fairmount Minerals Ltd.; 
Preferred Rocks of Genoa, LLC; Carmeuse Lime and Stone; 
Badger Mining Corp.; EOG Resources Inc.; Pattison Sand Co., 
LLC; Manley Bros. of Indiana, Inc.; and Little Six Corp. Their 
combined production represented 86% of the U.S. total. 

In the past several years, as conventional natural gas sources 
in the United States have become less abundant, drilling 
companies have turned to deep natural gas and shale gas. 
Because of this, demand for hydraulic fracturing sand has 
increased dramatically, and the United States is the largest 
market for hydraulic fracturing sand. In response to this 
demand, Unimin Corp. was expanding capacity at its Arkansas 
operation for hydraulic fracturing sand and U.S. Silica Co. was 
increasing capacity for hydraulic fracturing sand at its Illinois 
operation. Additionally, Preferred Rocks of Genoa, LLC was 
upgrading its hydraulic fracturing sand capacity after entering 
the market in 2008 (Industrial Minerals, 2010). 

Consumption.—Industrial sand and gravel production 
reported by producers to the USGS was material used by the 
producing companies or sold to their customers. Stockpiled 
material is not reported until consumed or sold. Of the 29.9 Mt 
of industrial sand and gravel sold or used, 41% was consumed 
as hydraulic fracturing sand and sand for well packing and 
cementing, and 26% as glassmaking sand (table 6). Foundry 
uses consumed 11% of industrial sand and gravel consumption. 
Other important uses were other whole grain silica (6%) and 
whole grain fillers and building products (6%). 

Minable deposits of industrial sand and gravel occur 
throughout the United States, and mining companies are located 
near markets that have traditionally been in the Eastern United 
States. In some cases, consuming industries are specifically 
located near a silica resource. The automotive industry was — 
originally located in the Midwest near clay, coal, iron, and silica 
resources. Therefore, foundry sands have been widely produced 
in Illinois, Indiana, Michigan, Ohio, and other Midwestern 
States. In 2010, 78% of foundry sand was produced in the 
Midwest. 

Producers of industrial sand and gravel were asked to | 
provide statistics on the destination of silica produced at their 
operations. The producers were asked to list only the quantity 
of shipments (no value data were collected in this section of 
the questionnaire) and the State or other location to which the 
material was shipped for consumption. The States that received 
the most industrial sand and gravel were Texas (1596), Illinois 
(5%), Pennsylvania (4%), California (4%), Oklahoma (3%), 
and Indiana (2%). Producers reported sending 174,000 t of 
silica to Mexico and 322,000 t to Canada (table 7). Because 
some producers did not provide this information, their data were 
estimated or assigned to the “Destination unknown" category. In 
2010, 30% of industrial sand and gravel shipped by producers 
was assigned to that category. 
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The share of silica sold for all types of glassmaking increased 
slightly compared with that of 2009. In 2010, sales to container 
glass manufacturers declined by about 996 compared with those 
in 2009. On average, in the container glassmaking industry, 
silica accounts for 6096 of raw materials used (Industrial 
Minerals, 2004). The amount of unground silica sand consumed 
for fiberglass production increased by 18% compared with that 
of 2009. 

In 2010, sales of sand for flat glass production increased by 
2196 compared with those in 2009. Consumption of sand for flat 
glass increased in all regions of the country in 2010. 

Whole grain silica is regularly used in filler-type and building 
applications. In 2010, consumption of whole-grain fillers for 
building products was 1.8 Mt, up 6% compared with that in 
2009. 

In table 6, industrial sand and gravel that would find its way 
into specialty silicas is most likely reported by the producers 
in the categories “Sand, abrasives, chemicals, ground and 
unground,” “Gravel, silicon, ferrosilicon,” and possibly 
“Glassmaking, specialty.” In 2010, silica sales for chemical 
production were 808,000 t, an increase of about 21% compared 
with those in 2009. Reported sales of silica gravel for silicon 
and ferrosilicon production, filtration, and other uses, increased 
by 3% in 2010 compared with those in 2009. The main 
uses for silicon metal are in the manufacture of silanes and 
semiconductor-grade silicon and in the production of aluminum 
alloys. 

Transportation.—Of all industrial sand and gravel produced, 
52% was transported by truck from the plant to the site of first 
sale or use, unchanged from that of 2009; 20% was transported 
by rail, down from that of 2009; and 28% by unspecified modes 
of transport. 

Prices.—The average value, free on board plant, of U.S. | 
industrial sand and gravel increased to $34.58 per metric ton in 
2010, compared with the average value of 2009 (table 6). The 
average unit values for industrial sand and industrial gravel were 
$34.76 per ton and $25.58 per ton, respectively. The average 
price for sand ranged from $8.40 per ton for metallurgical 
flux for metal smelting to $143.71 per ton for ground sand 
for foundry molding and core. For gravel, prices ranged from 
$21.42 per ton for silicon and ferrosilicon to $44.61 per ton 
for filtration. Producer prices reported to the USGS for silica 
commonly ranged from several dollars per ton to hundreds 
of dollars per ton. Prices for certain highly processed quartz 
products for specialized end uses, not covered in this WM 
can reach the $50,000-per-ton level. Nationally, ground v» 
for foundry molding and core had the highest value ($143.7 


per ton), followed by silica for swimming pool VY o! 
ton), silica for sawing and sanding ($81 ‚00 per ton), 
diea қ and rubber ($78.61 per ton), 


sand used as fillers for paint, putty, M 
sand for municipal water filtration ($69.77 per ton), gf d Sce 
for ceramics ($69.44 per ton), and sand for other groun 


($63.63 per ton). | LO 

By geographic region, the average value of ШЕТІН. ст 
gravel was highest in the Midwest ($35.06 per Ж; ү ON 
by the South ($35.03 per ton), the Northeast ($34.07 P 


. atly 
and the West ($29.38 per ton) (table 6). Prices can vary gre 
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ты for similar grades of silica at different locations in the United 
ішің States, along with tighter supplies and higher production costs 
TW in certain regions of the country. For example, the average value 
ты of container glass sand varied from $27.63 per ton in the West to 
іні $15.79 per ton іп the Midwest. 
шщ Foreign Trade.—Exports of industrial sand and gravel 
ци 112010 increased by about 8496 compared with the amount 
Е exported in 2009, and the associated value increased by 85% 
паж ^ (table 8). The increase in exports can be attributed mainly 
ШЇ to increased demand from markets in Asia, Europe, and 
ШІ Oceania. Canada was the leading recipient of U.S. exports. The 
"i ^^ distribution of exports was as follows: 44% to Canada, 32% 
Mis ^ to Japan, 12% to Mexico, and the remainder to Africa and the 
Wit: ^^ Middle East, Europe, Oceania, and South America. The average 
unit value of exports increased slightly to $81.81 per ton in 2010 
Wi бот $81.31 per ton in 2009. In 2010, export unit values varied 
ke widely by region; exports of silica to Oceania averaged $488 per 
uii ton, and exports to the rest of the world averaged $81 per ton. 
pe Imports for consumption of industrial sand and gravel 
ІШІ ^^ increased to 131,000 t, which was an increase of 38% compared 
о мі those of 2009 (table 9). Canada supplied about 79% of the 
Іш ^^ silica imports, which averaged $40 per ton; this price included 
wE insurance and freight costs to the U.S. port of entry. The total 
E value of imports was $19.7 million, with an average unit value 
ш of $150 per ton. Higher priced imports came from Australia, 
Шо China, Germany, and Japan. 
World Review.— Based on information provided mainly 
we Бу foreign governments, world production of industrial sand 
T and gravel was estimated to be 121 Mt (table 10). The United 
те States was the leading producer followed, in descending order, 
Ше by Italy, Germany, Australia, France, Spain, Turkey, and the 
United Kingdom. Most countries had some production and 
i consumption of industrial sand and gravel, which are essential 
i to the glass and foundry industries. Because of the great 
Ke variation in reporting standards, however, obtaining reliable 
is information was difficult. In addition to the countries listed, 
и many other countries were thought to have had some type of 
j silica production and consumption. 
5 | Outlook. —U.S. consumption of industrial sand and gravel 
р in 2011 was expected to be 29 to 31 Mt. АП forecasts are based 
2 оп previous performances within various end uses, contingency 
3 factors considered relevant to the future of the commodity, and 
4 forecasts made by analysts and producers in the various markets. 
; Sales of glass sand can be expected to vary by market. Total 
; demand for all glass sand end uses was expected to remain 
; relatively static through 2011. However, growth has been 
| noted іп some segments, such as sand for abrasives, chemicals, 
| fiberglass, flat glass, hydraulic fracturing, well packing and 
cementing, and whole grain silica. Industrial sand and gravel 
| sales may also be constrained by diminished demand owing to 
| the ongoing economic sluggishness and by the rising energy 
costs for production and transportation of products. 

The demand for foundry sand is dependent mainly on 
automobile and light truck production. Production and sales of 
automobiles and light trucks increased in 2010 and the trend 
continued into 2011. Another important factor for the future 
consumption of virgin foundry sand is the recycling of used 


foundry sand. The level of recycling is thought to be increasing. 
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Other materials or minerals compete with silica as foundry 
sand, but these other “sands” usually suffer from a severe 
price disadvantage. Based on these factors, production of silica 
foundry sand in 2011 was expected to be 3.5 Mt. 

Frac sand sales increased in 2010 compared with those in 
2009. On average, crude oil prices increased in 2010 with 
further increases in 2011. Based on this trend, coupled with 
natural gas exploration and production, primarily in the Eastern 
and Midwestern United States, demand for frac sand was 
expected to increase during 2011 to 16 Mt. 

The United States is the leading producer and a major 
consumer of silica sand and is self-sufficient in this mined 
mineral commodity. Most silica sand is produced at deposits 
in the Midwest and near major markets in the Eastern United 
States. À significant amount of silica sand also is produced 
in the West and Southwest, mostly in California and Texas, 
respectively. Domestic production is expected to continue to 
meet 97% to 98% of demand well beyond 2011. Barring further 
declines in the overall U.S. economy, imports of silica sand 
from Canada and Mexico, and higher valued material from 
China are expected to slowly increase. 

Because the unit price of silica sand is relatively low, except 
for a few end uses that require a high degree of processing, the 
location of a silica sand deposit in relation to market location 
is an important factor that may work for or against a sand 
producer. Consequently, a significant number of relatively 
small operations supply local markets with a limited number of 
products. 

Several factors could affect supply and demand relationships 
for silica sand. Further increases in the development of 
substitute materials for glass and cast metals could reduce 
demand for foundry and glass sand. These substitutes, which 
are mainly ceramics and polymers, would likely increase the 
demand for ground silica, which is used as a filler in plastics; 
glass fibers, which are used in reinforced plastics; and silica 
(chemical, ground, or whole-grain), which is used as raw 
materials for ceramics. Increased efforts to reduce waste and to 
increase recycling also would be likely to lower the demand for 
mined glass sand. Recycling of glass cullet has been Increasing 
in most industrialized nations, and recycling has accounted for 
anywhere from 25% to 70% of the raw materia] needed for the 
glass container industry in many countries, It has been estimated 
that for every 10% of recycled glass cullet used in the melting 
process for glass container manufacture, energy use will fall by 
approximately 2.5%. During the past 20 years, glass container 
weight has been reduced by 25% to 40% in many nations 
including the United States, decreasing the amount of dusti 
Pus dius Е 2. container (Industrial Minerals, 2004). 

ou i 
for silica E e ы re |. 42. gd comand 
would increase because of the М 0 
specialized sands. ue of the more 
dee ое o se as an abrasive 
crystalline silica ex ео оз опе 
ry posure could reduce the demand in many 
silica markets. The use of silica sand in the abrasive blast 
industry was being evaluated as a health hazard, and 
of competing materials, which include M E 
garnet, olivine, and slags, 
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encouraged the use of their “safer” abrasive media. In hydraulic 
fracturing, other materials (such as bauxite-based proppants, 
ceramic proppants, and resin-coated sand) compete with 

silica sand, although they are more expensive and not used as 
extensively as silica sand. Bauxite-based and ceramic proppants 
exhibit improved performance in deeper, higher pressure 
formations than silica sand (Industrial Minerals, 2009). 


Quartz Crystal 


Electronic-grade quartz crystal, also known as cultured 
quartz crystal, is single-crystal silica with properties that make 
it uniquely suited for accurate filters, frequency controls, 
and timers used in electronic circuits. These devices are 
used for a variety of electronic applications in aerospace 
hardware, commercial and military navigational instruments, 
communications equipment, computers, and consumer 
goods (for example, clocks, games, television receivers, 
and toys). Such uses generate practically all the demand 
for electronic-grade quartz crystal. A smaller amount of 
optical-grade quartz crystal is used for lenses and windows in 
specialized devices, which include some lasers. 

Natural quartz crystal was used in most electronic and 
optical applications until 1971, when it was surpassed by 
cultured quartz crystal. Cultured quartz is not a mined mineral 
commodity. Rather, it is synthetically produced from natural 
feedstock quartz, termed lascas, which is mined. Mining of 
lascas in the United States ceased in 1997 owing to competition 
from less expensive imported lascas, predominantly from mines 
in Brazil and Madagascar. 

It has been estimated that in any given year, approximately 
10 billion quartz crystals and oscillators are manufactured and 
installed worldwide in all types of electronic devices, from 
automobiles to cellular telephones. 

The use of natural quartz crystal for carvings and other 
gemstone applications has continued; more information can 
be found in the “Gemstones” chapter of the USGS Minerals 
Yearbook, volume I, Metals and Minerals. | 

Legislation and Government Programs.—The strategic value 
of quartz crystal was demonstrated during World War II when 
it gained widespread use as an essential component of military 
communication systems. After the war, natural electronic-grade 
quartz crystal was officially designated as a strategic and critical 
material for stockpiling by the Federal Government. Cultured 
quartz crystal, which eventually supplanted natural crystal in 
nearly all applications, was not commercially available when 
acquisition of natural quartz crystal for a national stockpile 


began. | | 
" of December 31, 2010, the National Defense Stockpile 


(NDS) contained 7,134 kilograms (kg) of natural quartz crystal. 
The stockpile has 11 weight classes for natural quartz crystal 
that range from 0.2 kg to more than 10 kg. The stockpiled 
crystals, however, are primarily in the larger weight classes. 
The larger pieces are suitable as seed crystals, which are very 
thin crystals cut to exact dimensions, to produce cultured quartz 
crystal. In addition, many of the stockpiled crystals could be 

of interest to the specimen and gemstone industry. Little, if 
any, of the stockpiled material is likely to be used in the same 
applications as cultured quartz crystal. 
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No natural quartz crystal was sold from the NDS in 2010, and 
the Federal Government did not intend to dispose of or sell any 
of the remaining material. Previously, only individual crystals 
in the NDS inventory that weighed 10 kg or more and could be 
used as seed material were sold. Brazil traditionally has been 
the source of such large natural crystals, but changes in mining 
operations have reduced output. 

Quartz crystal is also affected by the regulation of crystalline 
silica as discussed in the “Legislation and Government 
Programs" portion of the “Industrial Sand and Gravel” section 
of this chapter. 

Production.—The USGS collects production data for quartz 
crystal through a survey of the domestic industry. In 2010, no 
domestic companies reported the production of cultured quartz 
crystal. During the past several years, cultured quartz crystal 
was produced predominantly overseas, primarily in Asia. 

Consumption.—In 2010, the USGS collected domestic 
consumption data for quartz crystal through a survey of 23 U.S. 
operations that fabricate quartz crystal devices in 9 States. Of 
the 23 operations, 8 responded to the survey. Consumption for 
nonrespondents was estimated based on reports from previous 
years. 

Prices.—Lumbered quartz, which is as-grown cultured quartz 
that has been processed by sawing and grinding, was estimated 
to be $210 per kilogram in 2010. Prices for lumbered quartz 
ranged in price from $20 per kilogram to more than $900 per 
kilogram in 2010, depending on the application. 

Foreign Trade.—The U.S. Census Bureau, which is the 
major Government source of U.S. trade data, does not provide 
specific import or export statistics on lascas. The U.S. Census 
Bureau collects export and import statistics on electronic and 
optical-grade quartz crystal; however, the quartz crystal export 
and import quantities and values reported in previous years 
included zirconia, which was inadvertently reported as quartz 
crystal, not including mounted piezoelectric crystals. 

World Review.— Cultured quartz crystal production was 
concentrated in China, Japan, and Russia; several companies 
produced crystal in each country. Other producing countries 
were Belgium, Brazil, Bulgaria, France, Germany, South Africa, 
and the United Kingdom. Details concerning quartz operations 
in China, the Eastern European countries, and most nations of 
the Commonwealth of Independent States were unavailable. 
Operations in Russia, however, have significant capacity to 
produce synthetic quartz. 

Outlook.—Growth of the consumer electronics market (for 
example, automobiles, cellular telephones, electronic Ше 
personal computers), particularly in the United States, vill т. 
continue to provide consumer outlets for domestic Vw 
quartz crystal devices. The increasing global electronics E 
may require additional production capacity м | 
technology could face competition in the near future wit | 
advent of more cost effective microelectromechanical system 

first developed in 1965 and 
(MEMS). MEMS technology was Пг hnology is 
consisted of silicon on insulated waters. MEMS techno m 
physically compatible with existing quartz oscillator * i. ШЕ 
and has better long-term stability performance ща P 
use in automotive, consumer, and computational products, 


wireless applications (Partridge, 2006). 
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Special Silica Stone Products 


Silica stone (another type of crystalline silica) products are 
materials for abrasive tools, such as deburring media, grinding 
pebbles, grindstones, hones, oilstones, stone files, tube-mill 
liners, and whetstones. These products are manufactured from 
novaculite, quartzite, and other microcrystalline quartz rock. 
This chapter, however, excludes products that are fabricated 
from such materials by artificial bonding of the abrasive grains 
(information on other manufactured and natural abrasives may 
be found in other USGS Minerals Yearbook, volume I, Metals 
and Minerals chapters). 

Special silica stone is also affected by the regulation 
of crystalline silica as discussed in the *Legislation and 
Government Programs" part of the “Industrial Sand and Gravel" 
section of this chapter. 

Production. —None of the three domestic firms known to 
produce special silica stone responded to a USGS production 
survey in 2010. To protect the proprietary data of all producers, 
production and value data for special silica stone in 2010 were 
withheld (table 1). In recent years, Arkansas accounted for most 
of the value and quantity of production that was reported. Plants 
in Arkansas manufactured files, deburring-tumbling media, 
oilstones, and whetstones. 

The industry produced and marketed four main grades of 
Arkansas whetstone in recent years. The grades range from 
the high-quality black hard Arkansas stone down to Washita 
stone. In general, the black hard Arkansas stone has a porosity 
of 0.07% and a waxy luster, and Washita stone has a porosity of 
1676 and resembles unglazed porcelain. 

Consumption.—The domestic consumption of special silica 
stone products comprises a combination of craft, household, 
industrial, and leisure uses. The leading household use is for 
sharpening knives and other cutlery, lawn and garden tools, 
scissors, and shears. Major industrial uses include deburring 
metal and plastic castings, polishing metal surfaces, and 
sharpening and honing cutting surfaces. The major recreational 
use is in sharpening arrowheads, fishhooks, spear points, and 
sports knives. The leading craft application is sharpening tools 
for engraving, jewelry making, and woodcarving. Silica stone 
files also are used in the manufacture, modification, and repair 
of firearms. 

Prices.—In 2010, the average value of crude material suitable 
- cutting into finished products was estimated to be $3,700 per 

on. 

Foreign Trade.—In 2010, silica stone product exports had 
a Value of $11.3 million, up by 4896 from that in 2009. These 
exports were categorized as “hand sharpening or polishing 
Stones" by the U.S. Census Bureau. This category accounted for 
most of or all the silica stone products exported in 2010. 

In 2010, the value of imported silica stone products was $8.9 
million, up by 8% from that in 2009. These imports were hand 
sharpening or polishing stones, which accounted for most of or 
all the imported silica stone products in 2010. A portion of the 
finished products that were imported may have been made from 
crude novaculite produced in the United States and exported for 
processing. 

Outlook.—Consumption patterns for special silica stone were 
not expected to change significantly during the next several 
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years. Most of the existing markets are well defined, and the 
probability of new uses being created is low. 


Tripoli 


Tripoli, broadly defined, includes extremely fine grained 
crystalline silica in various stages of aggregation. Grain sizes 
usually range from 1 to 10 micrometers (ит), but particles as 
small as 0.1 to 0.2 um are common. Commercial tripoli contains 
98% to 99% silica and minor amounts of alumina (as clay) and 
iron oxide. Tripoli may be white or some shade of brown, red, or 
yellow depending on the percentage of iron oxide. 

Tripoli also is affected by the regulation of crystalline silica as 
discussed in the “Legislation and Government Programs" part of 
the “Industrial Sand and Gravel” section of this chapter. 

Production.—In 2010, three U.S. firms were known to 
produce and process tripoli. American Tripoli, Inc. closed their 
operation in Ottawa County, OK, in 2010, but operated a mine 
and produced finished material in Newton County, MO. Malvern 
Minerals Co. in Garland County, AR, produced crude and 
finished material from novaculite. Unimin Specialty Minerals 
Inc. in Alexander County, IL, produced crude and finished 
material. Of the three U.S. firms, none responded to the USGS 
survey. Production for nonrespondents was estimated based on 
reports from previous years and supplemented with worker-hour 
reports from MSHA. | 

Consumption.—It was estimated that sales of processed 
tripoli increased by 38% in quantity to 110,000 t with a value of 
$20 million (table 1). 

Tripoli has unique applications as an abrasive because of its 
hardness and its grain structure, which lacks distinct edges and 
corners. It is a mild abrasive, which makes it suitable for use 
in toothpaste and tooth-polishing compounds, industrial Soaps, 
and metal- and jewelry-polishing compounds. The automobile 
industry uses it in buffing and polishing compounds for lacquer 
finishing. 

The end-use pattern for tripoli has changed significantly in the 
past 40 years. In 1970, nearly 7096 of the processed tripoli was 
used as an abrasive. In 2010, 6% of tripoli Output was used as 
an abrasive. Tripoli was mostly used as a filler and extender in 
enamel, caulking compounds, linings, paint, plastic, rubber and 
other products. In 2010, the primary use of tripoli (9194) ds 
as a filler and extender. The remaining 396 was in brake friction 
products and refractories. 

Price.—The average unit value of all tripoli sold or used in 
the United States was estimated to be $18] per ton in 2010. Th 
average unit value of abrasive-grade tripoli sold or dini | 
United States during 2010 was estimated t и 

| о be $191 per ton 
and the average unit value of filler-grade tripoli sold or Т | 
bc ci. was estimated to be $186 per ton. di 
ийоо -— Consumption patterns for tripoli were not 
to change significantly during the next several years. Me m 


the existing markets are well defined a 
, nd th il; 
uses being created is low. * probability of new 
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TABLE 1 
SALIENT U.S. SILICA STATISTICS! 


(Thousand metric tons and thousand dollars unless otherwise specified) 


NOE 
2006 2007 2008 2009 2010 
Щи 


Industrial sand and gravel; 
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Sold or used: 
Quantity: 
Sand 28,200 29,000 29,300 24,000 29,300 
Gravel 725 1,010 1,110 565 582 
Total 28,900 30,100 30,400 24,600 29,900 
Value: 
Sand 745,000 810,000 909,000 762,000 1,020,000 
Gravel 13,400 21,300 28,000 21,000 14,900 
Total 759,000 832,000 937,000 ' 783,000 1,030,000 
Exports: 
Mae 3,830 3,020 3,100 2,150 3,950 
— A Value 183,000 242,000 260,000 175,000 323,000 
ҮШ ----- 
Imports for consumption: 
ИВ 855 511 355 95 131 
Value 21,000 24,000 23,500 8,080 19,700 
Processed tripoli? 
Quantity metric tons 76,000 96,400 132,000 79,700 110,000 
Value 17,500 17,400 17,100 16,400 20,000 
Crude production: | (| 
Quantity metric tons 227 231 W W W 
Value 992 1,020 W W W 
Sold or used: 
Quantity metric tons 328 508 W W и 
Value 1,460 823 W W 


"Revised. W Withheld to avoid disclosing company proprietary data. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 


?Excludes Puerto Rico. 


3includes amorphous silica and Pennsylvania rottenstone. 
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Ws INDUSTRIAL SAND AND GRAVEL SOLD OR USED IN THE UNITED STATES, BY GEOGRAPHIC DIV ISION' 
p re ee ete ee У: ee ee ee = ТТІ oe ee 
Quantity Quantity 
(thousand Percentage Value Percentage (thousand Percentage Value Percentage 
Geographic region metric tons) of total (thousands) of total metric tons) of total (thousands) of total 
Northeast: 
New England 130 (2) $4,510 (2) 127 (2) $6,380 1 
Middle Atlantic 1,670 7 48,200 6 1,440 5 47,000 5 
Midwest: 
East North Central — 8,470 34 266,000 34 9,910 33 346,000 33 
West North Central 2,630 11 113,000 14 4,600 15 163,000 16 
South: 
South Atlantic 3,480 14 89,900 11 3,480 12 93,400 9 
East South Central — 1,210 5 39,200 5 1,290 4 40,900 4 
West South Central 4,780 19 164,000 21 6,880 23 274,000 26 
West: 
yli Mountain 531 2 12,600 2 500 2 14,000 l 
Pacific 1,670 7 45,600 6 1,680 6 49,900 5 
Іш | Total 24,600 100 783,000 100 29,900 100 1,030,000 100 
Data are rounded to no more than three significant digits; may not add to totals shown. 
"Less than % unit. 
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TABLE 3 


INDUSTRIAL SAND AND GRAVEL SOLD OR USED IN 
THE UNITED STATES, BY STATE! 


(Thousand metric tons and thousand dollars) 


2009 


State Quantity Value 
Alabama 370 11,200 
Arizona W W 
Arkansas W W 
California 1,300 35,800 
Colorado W W 
Florida 43] 8,270 
Georgia 775 19,300 
Idaho W W 
Illinois 3,440 104,000 
Indiana W W 
lowa W W 
Kansas W W 
Louisiana 682 25,900 
Michigan 1,330 27,700 
Minnesota W W 
Mississippi W W 
Missouri 763 28,900 
Nebraska W W 
Nevada W W 
New Jersey 906 30,200 
New York W W 
North Carolina 1,300 28,000 
North Dakota _ W W 
Ohio 849 26,300 
Oklahoma 1,410 40,300 
Pennsylvania 618 15,600 
Rhode Island W W 
South Carolina 441 14,000 
Tennessee 783 27,100 
Texas 2,130 84,400 
Virginia | W W 
Washington W W 
West Virginia 241 14,700 
Wisconsin 2,730 105,000 
Other 4,070 137,000 

Total 24,600 783,000 


2010 
Quantity Value 

386 10,400 
W W 

W W 
1,320 39,400 
W W 
173 3,980 
670 17,800 
W W 
4,370 148,000 
W W 

W W 

W W 
629 25,600 
1,260 27,300 
1,940 100,000 
608 20,000 
W W 

W W 
918 33,600 
W W 
1,400 30,900 
W W 
821 27,800 
1,900 57,200 
524 13,400 
W W 
530 14,700 
907 30,500 
3,610 162,000 
W W 

W W 
277 17,300 
3,390 142,000 


10,600 317,000 
29,900 1,030,000 


W Withheld to avoid disclosing company proprietary data; included in 


“Other.” -- Zero. 


!Data are rounded to по more than three significant digits; тау not add 


to totals shown. 
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TABLE 4 
INDUSTRIAL SAND AND GRAVEL PRODUCTION IN THE UNITED 


STATES IN 2010, BY SIZE OF OPERATION! 


Quantity 
Number of Percentage (thousand Percentage 
Size range operations of total metric tons) of total 

Less than 25,000 21 18 207 (2) 

25,000 to 49,999 17 15 586 2 

50,000 to 99,999 14 12 938 3 

100,000 to 199,999 15 13 1,850 6 

200,000 to 299,999 9 8 1,930 6 
300,000 to 399,999 8 7 2,490 8 
400,000 to 499,999 5 4 1,980 7 
500,000 to 599,999 8 7 3,930 13 
600,000 to 699,999 4 3 2,340 8 
700,000 and more eaten с: 13 13,700 46 
. Total 116 100 29,900 100 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


?Less than ^ unit. 


TABLE 5 
NUMBER OF INDUSTRIAL SAND AND GRAVEL OPERATIONS AND PROCESSING PLANTS 
IN THE UNITED STATES IN 2010, BY GEOGRAPHIC DIVISION 


Mining operations on land Total 
Stationary Dredging active 
Geographic region Stationary Portable and portable operations operations 

Northeast: 

New England ] -- BS -- 1 
Middle Atlantic 4 -- -- 3 7 

Midwest: | 
East North Central 23 -- -- 3 26 
West North Central 9 -- -- 3 12 

South: 

_ South Atlantic 16 | -- 5 22 
East South Central 7 -- -- 2 9 
West South Central 17 -- -- 7 24 

West: 

Mountain 4 -- -- == 4 
Pacific 11 -- -- 25 11 
Total 92 | 23 


-- Zero. = 116 
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TABLE 6 
INDUSTRIAL SAND AND GRAVEL SOLD OR USED BY U.S. PRODUCERS IN 2010, BY MAJOR END USE! 


Northeast Midwest South 
Ic — cio ————5— QM 


Unit Unit Unit 


Quantity value? Quantity value? Quantity value” 
(thousand Value (dollars (thousand Value (dollars (thousand Value (dollars 


Major use metric tons) (thousands)  perton) metric tons) (thousands)  perton) metric tons) (thousands) per ton) 
Sand: — M ee Perton) metic tons) (thousands) — perton) 


Glassmaking: 
Containers W W $24.07 1,060 — $16,700 $15.79 1,770 $37,500 — $2125 
Flat, plate and window 134 $2,940 21.90 851 17,300 20.34 1,070 23,900 22.39 
Specialty 103 3,470 33.65 155 5,370 34.62 152 5,990 3943 
Fiberglass, unground W W 22.42 132 2,190 16.58 362 8,670 23.95 
Fiberglass, ground -- -- -- 30 1,980 66.07 387 18,800 445 
Foundry: 
Molding and core, unground 72 2,300 31.99 2,460 47,500 19.31 554 11,800 21.2 
Molding and core, ground -- -- -- 6 886 147.67 W W 190 
Refractory (3) 29 -- 20 719 35.95 23 1,130 48.91 
Metallurgical, flux for metal smelting == Pu Е ae É z (3) W - 
Abrasives: 
Blasting W W 22.32 40 1,790 44.75 306 12,600 4107 
Scouring cleaners (ground) 55 a zs (3) 59 ES (3) 1 - 
Sawing and sanding W W 117.00 - Ші ЕЕ W W 45.00 
Chemicals, ground and unground 3 133 44.33 278 5,700 20.52 5]0 18,600 36.54 
Fillers, ground, rubber, paints, putty, etc. 5 323 64.60 W W 48.94 W W 25023 
Whole-grain fillers/building products 252 11,400 45.29 357 14,100 39.63 798 27,500 34.50 
Ceramic, ground, pottery, brick, tile, etc. (3) 6 == 29 2,330 80.31 60 3,900 6497 
Filtration: 
Water, municipal, county, local 46 3,170 68.87 65 4,440 68.25 5] 3,940 7.22 
Swimming pool, other 11 988 89.82 11 1,160 105.73 41 4250 10.7 
Petroleum industry: 
Hydraulic fracturing W W 44.15 8,080 354,000 43.78 3,820 185,000 448 
Well packing and cementing 5 570 114.00 87 4,070 46.77 76 3,30 490 
Recreational: 
___ Golf course, greens and traps 43 1,620 37.72 171 4,140 24.18 246 3580 М5 
Baseball, volleyball, play sand, beaches | 21 3440 149.67 31 721 2326 68 1,550 28 
Traction, engine 4 > 555 39.64 24 446 18.58 30 855 25 
Roofing granules and fillers 32 1,210 37.9] 82 2,050 .24.96 208 4,390 21.09 
Other, ground silica ( о W W 49.00 199 9,770 60.67 47 9,420 44 
Other, whole grain 809 20,700 25.65 256 9,650 37.92 604 8,690 1464 
Total or average 1.560 52,600 33.81 14,400 507,000 35.15 11200 396000 34 
Gravel: ===> 
Silicon, ferrosilicon ae = z E A Е 173 3710 24 
Filtration | W W — 6967 " W 3938 48 1980 413 
Other uses, specified W W 41.75 W W 14.10 255 6,560 25.73 
Total or average 14 794 56.71 82 1,490 18.11 475 12,200 25,18 


Total or average с 
Crane total от average 1570 53,400 3402 14,500 509000 35.06 11,700 40800 359 
See footnotes at end of table. 
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TABLE 6—Continued 
INDUSTRIAL SAND AND GRAVEL SOLD OR USED BY U.S. PRODUCERS IN 2010, BY MAJOR END USE! 


ро 
Ио ња 
Unit Unit 
| Quantity value? Quantity value? 
"M" | (thousand Value (dollars (thousand Value (dollars 
— Major use metric tons) (thousands) er ton) metric tons) (thousands) per ton) 
Sandi оо о oo o o рео) тесі) (thousands) —  perton) _ 

" Glassmaking: 

Wi | . Containers с 713 $19,700 $27.63 3,950 $83,900 $21.24 

је | Flat, plate and window 476 13,700 28.83 2,530 57,800 22.88 

Ka Specialty W W 51.33 416 15,100 36.38 

E Fiberglass, unground 49 1,270 25.98 602 13,500 22.35 

an Fiberglass, ground W W 52.86 424 21,100 49.86 
ч Foundry: 

v . Molding and core, unground |” 34 809 23.79 3,120 62,400 20.00 
! | Molding and core, ground -- -- -- W W 143.71 

i Refractory (3) (3) & 44 1,870 42.57 
; Metallurgical, flux for metal smelting W W 8.30 W W 8.40 

Abrasives: 

Ж. Blasting 80 1,360 16.94 469 16,700 35.59 
| Scouring cleaners (ground) -- -- - (3) 60 = 
Д Sawing and sanding -- -- -- W W 81.00 

Ш Chemicals, ground and unground ` 18 556 30.89 808 25,000 30.98 
E Fillers, ground, rubber, paints, putty, etc. W W 38.33 239 18,800 78.61 

7М Whole grain fillers/building products 411 15,600 37.84 1,820 68,600 37.76 

yi Ceramic, ground, pottery, brick, tile, etc. W W 43.00 9] 6,320 69.44 

Filtration: 
Wo Water, municipal, county, local 16 807 50.44 177 12,400 69.77 
{8 Swimming pool, other -- -- - 64 6,400 99,94 
Petroleum industry: 
ME Hydraulic fracturing W W 35.41 12,100 546,000 45.24 
ILE Well packing and cementing 15 1,790 119.00 183 10,100 55.46 
Recreational: 

s Golf course, greens and traps 87 2,220 25.46 548 11,600 21.09 

КЕ Baseball, volleyball, play sand, beaches 2 43 21.50 123 5,460 44.40 

ў Traction, engine 5 242 48.40 72 2,100 29.14 

СЕ Roofing granules and fillers W W 32.33 358 8,810 24.61 

ТЕ Other, ground silica 25 1,060 37.54 38 2,420 63.63 

| Other, whole grain 234 4,470 12.33 1,900 43,600 11.97 

7 ___ Total or average 2,160 63,600 29.38 29,300 1,020,000 34.76 

d Gravel: 

в. Silicon, ferrosilicon -- == <: 173 3,710 21.42 

ЧЕ Filtration es =. -- 70 3,120 44.61 

А Other uses, specified 12 338 -- 338 8,030 23.77 

7 Total or average 12 338 28.17 582 14,900 25.58 

1 _ Grand total or average 2.180 63,900 29.38 29,900 1,030,000 34.58 


W Withheld to avoid disclosing company proprietary data; for sand, included in "Other, whole grain"; for gravel, included in “Total or average.” 
-- Zero. 


'Data are rounded to no more than three significant digits except for unit values; may not add to totals shown. 


"Calculated using unrounded data. 
"Less than % unit. 
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TABLE 7 
INDUSTRIAL SAND AND GRAVEL SOLD OR USED, BY DESTINATION! 


(Thousand metric tons) 


Destination 2009 2010 
States: 
Alabama 361 341 
Alaska W W 
Arizona W W 
Arkansas 748 410 
California W 1,260 
Colorado 1,050 W 
Connecticut 67 W 
Delaware 30 W 
District of Columbia W W 
Florida 657 W 
Georgia 788 614 
Hawaii W W 
Idaho W W 
Illinois 1,280 1,500 
Indiana 792 712 
lowa |. | W W 
Kansas _ 194 W 
Kentucky W 189 
.. Louisiana 480 W 
Maine W W 
Maryland W W 
Massachusetts W W 
Michigan 341 359 
Minnesota W W 
Mississippi 52 W 
Missouri W W 
Montana 9 W 
Nebraska W W 
. Nevada W W 
New Hampshire W W 


Destination 


States—Continued: 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 
Utah 


. Vermont. 


Virginia 


Washington 
West Virginia 
Wisconsin 
Wyoming 
Countries: 


Canada 

Mexico 

Other 
Other: 


Puerto Rico 


Total 


W Withheld а . 

W Withheld to avoid disclosing company proprietary data; included in “Total.” --Zero. 
1 12,4 (4 n 

Data are rounded to no more than three significant digits; may not add to totals shown. 
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U.S. possessions and territories 
Destination unknown 


2009 


W 
90 


W 
3,940 
24,600 


2010 


W 
68 


8,890 
29,900 
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TABLE 8 
U.S. EXPORTS OF INDUSTRIAL SAND AND GRAVEL, BY REGION AND COUNTRY! 


(Thousand metric tons and thousand dollars) 


НЕ" — — 


SILICA—2010 


Destination Quantity Value? Quantity Value” 
—— value _ Quantity үлде 


Africa and the Middle East: 


Egypt - - (3) 91 
Israel (3) 301 (3) 204 
Other 6 938 = 1,380 
Total 7 1,240 2 1,680 
Asia: E 
China 23 36,000 133 82,400 
Hong Kong (3) 267 2 584 
Japan 396 15,500 1,270 51,300 
Korea, Republic of 9 2,950 18 3,790 
Singapore 1 966 4 1,420 
Taiwan 4 1,210 1 1,010 
Other 4 984 3 1,450 
Total 437 57,800 1,430 142,000 
Europe: 
Belgium 3 1,640 2 1,390 
Germany 34 19,800 105 39,000 
Italy ] 700 ] 167 
Netherlands 52 4,260 115 7,630 
Russia (3) 20 (3) 140 
United Kingdom 5 2,430 2 2,340 
Other 5 [0,700 6 12,300 
____ Тога! 100 39,500 229 62,900 
North America: 

Bahamas, The (3) 82 ! 198 
Canada 1,150 43,200 1,750 68,800 

_ Mexico 420 22,600 480 36,300 
Trinidad and Tobago | 410 (3) 93 
Other 5 1,260 12 1,970 
Total 1,580 67,500 2,250 107,000 

Oceania: 
Australia | 2 993 3 1,390 
New Zealand (3) 69 (3) 74 
Total 2 1,060 3 1,460 
South America: 

Argentina 17 3,390 21 3,710 
Brazil 3 1,480 | 1,350 
Colombia 4 1,650 2 501 

_ Peru 2 445 15 1,980 
Venezuela | (з) 264 (3) 133 
Other 2 418 | 412 
|. Total 28 7,640 40 8,080 
Grand total 2,150 175,000 3,950 323,000 

-- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


?Free alongside ship value of material at U.S. port of export. Based on transaction price, 
includes all charges incurred in placing material alongside ship. 


?Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 9 
U.S. IMPORTS FOR CONSUMPTION OF INDUSTRIAL 


SAND, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


2009 2010 
Country Quantity Value? Quantity Value? 

Australia (3) 567 (3) 1,160 
Canada 88 4,170 103 4,080 
Chile (3) 62 - - 
China (3) 160 (3) 281 
Germany (3) 143 (3) 671 
Japan (3) 47 (3) 105 
Mexico 5 2,540 26 11,500 
Netherlands Q) 30 - - 
Other 1 372 2 1,860 

Total 95 8,080 131 19,700 


-- Zero. 
! Data are rounded to no more than three significant digits; may not add 
to totals shown. 


“Сов, insurance, and freight value of material at U.S. port of entry. 
Based on purchase price; includes all charges (except U.S. import 
duties) in bringing material from foreign country to alongside carrier. 


Less than ' unit. 


Source: U.S. Census Bureau. 


LS YEARBOOK-7 у 


U.S. GEOLOGICAL SURVEY MINERA 


66.14 


ира OP | 


TABLE 10 
INDUSTRIAL SAND AND GRAVEL (SILICA): WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons) 


Algeria 

Argentina 446 457 473 364! 400 
Australia 5,200 5,300 5,300 5.200 5,300 
Austria 2,008 1,915 € 2,175 ' 1,170" 939 * 
Ваш 1,800 1,800 1,800 1,800 1,800 
Belize* 11 12 12 12 1 
Bosnia and Herzegovina о 711 671 702 501 € 600 
Brazil, silex eee 2 2 2 2 2 
Bulgaria 250 551 734 657 ' 660 
Canada, quartz 2,146 1,987 1,979 1,296 1,171 ^* 
Chile 1,081 1,234 1,401 1,405 1,400 
Croatia 140 148 150 * 278! 241 ^ 
Сира“ 9 21 29 16° 16 
Czech Republic, foundry sand ИШ 773 850 702 1,364 1,400 
Denmark, sales* 60 60 60 60 60 
Ecuador* 36 ^ 36 36 36 25 
Egypt? 650 * 1,725 1,612 1,342 ' 1,757 * 
Eritrea 1° МА" NA‘ МА ' МА 
Estonia, industrial sand -- -- ~ -- 36 4 
Ethiopia® AN 6* 6 7 15" 30 
Finland 3,003 2,958 3,160 2,241 2,250 
France 5,000 5,000 5,000 5,000 5,000 
French Guyana* 1,500 1,500 1,500 1,500 1,500 
Gambia m 1,390 * 712 1,065 850 ' 897 4 
Germany 7,703 8,382 8,186 6,453 7,000 
Greece 100 * 100 * 65 38 38 
Guatemala 58 68 65 36 62 4 
Guyana! 25 285 715 684 479 652 
Hungary, foundry and glass sand 371" 337° 320 ' 196 ' 180 4 
Iceland‘ — 4 4 4 4 4 
India‘ 1,600 1,600 1,700 1,700 1,800 
Indonesia‘ 135 135 138 138 140 
Iran*? 1,900 * 2,000 2,000 1,500 1,500 
Iraq = (9) 19 18 (9) 4 
Ireland? 5 5 5 5 5 
Israel 204 220 195" 163° 198 * 
du. o one er 14,000" 14,000" 14,000 ' 19,759 "4 19,800 
Jamaica 10 14 15 7 13 4 
Japan 4,593 4,314 3,664 2,856 ' 3.078 ^ 
Jordan 392 628 23" 298" 300 
Kenya? ———— 34 34 34 30° 32 
Korea, Republic of | 1,437 2,227 1,757 455 535 ^ 
savi | 2,133 ' 4,285 ' 2,223 ' 1,339 ' 1,359 4 
Lithuania 43 45 38 42' 674 
Malaysia 512 719 г | 
Mexico 1,467 630 932 4 
a | 2,662 2,950 ' 2,779 2,484 ' 2.480 
Netherlands 5 5 5 5 

New Caledonia* gt set gut r ° 
New Zealand e ee кы Ed 
Nigera — р _ ө T % 
Norway. 1,500 1,500 1,500 1,500 | Be 
Paraguay 25 25 25 25 » 
Peru 900 900 900 900 900 


Philippines 


221! 


270" 


284 ' 


300 


ВИЕ Ба паша паши ие ть 
Poland 

1:325 * 2,268 ' 2,398 ' 
See footnotes at end of table. an 2,730 
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TABLE 10— Continued | 
INDUSTRIAL SAND AND GRAVEL (SILICA): WORLD PRODUCTION, BY COUNTRY”? 


(Thousand metric tons) 
a ———————————— шш В SE 
Country? 2006 2007 . 2008 2009 2010° 


Portugal —— _____ 0 5 5 5 5 5 
Romania? 522 4 520 520 520 520 
Saudi Arabia 781 7° 820 ^* 799 709 ' 820 * 
Serbia? — ^ 0 0 000 000 00 260 260 260 260 260 
Slovakia 524' 591 € 619" 502! 500 
Slovenia 350 ^* 350 ^* 354' 327' 330 
South Africa 3,216! 3,352 3,648 ' 2,306 2,910 * 
Spain' 5,100 5.000 5,000 5,000 5,000 — 
Sri Lanka 46 70 61 60 68 4 
Sweden? 700 700 700 700 700 
Thailand 862 844 496 500° 500 
Turkey | 2,608 ' 4,998 ' 2,423 г 4,499 ' 4,000 
United Kingdom 5,174! 4,909! 4,777" 3,755 ' 3,760 
United States, sold or used by producers 28,900 30,100 30,400 24,600 29,900 * 
Venezuela* 500 500 500 500 500 
Zimbabwe? 1° E = = = 
Total 118,000" 128,000 ' 123,000" 114,000 " 121,000 


*Estimated. PPreliminary. 'Revised. NA Not available. -- Zero. 
!World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
2Table includes data available through July 1, 2011. 


5mm addition to the countries listed, Angola, Antigua and Barbuda, The Bahamas, China, and countries of the Commonwealth of Independent 
States produce industrial sand, but current available information is inadequate to formulate reliable estimates of output levels. 


‘Reported figure. 

‘Fiscal years beginning July 1 of that stated. 

SEthiopian calender year ending J uly 7 of that stated. 

"Source: Guyana Geology and Mines Commission and the Bank of Guyana. 
вівса! years beginning March 21 of that stated. 


?Less than % unit. 7 
\0mcludes rough and ground quartz as well as silica sand. 
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SILICON 
By Lisa A. Corathers 


Domestic survey data and tables were prepared by Maria Arguelles, statistical assistant. 


In 2010, domestic ferrosilicon production increased by 2796 
from that of 2009 to 176,000 metric tons (t) of contained silicon 
(table 1). On a gross-weight basis, ferrosilicon production 
increased by 26% from 229,000 t produced in 2009 (table 2). 
Domestic statistics for silicon metal were withheld to avoid 
disclosing company proprietary data. On the basis of contained 
silicon, U.S. exports of silicon products increased by 7396, 
and imports increased by 79%. The increase in exports was 
primarily associated with increases in the “тоге than 99.99% 
silicon" metal and the *more than 55% silicon" ferrosilicon 
trade categories (table 5). The increase in imports was primarily 
attributable to increases in the “55% to 8096, other" ferrosilicon 
and the “99.00% to 99.99%” and “other” silicon metal trade 
categories (table 6). Apparent consumption for ferrosilicon 
increased by 51% compared with the revised amount in 2009. 
Year-average import prices for the 50% and 75% ferrosilicon 
grades increased by 42% and 41%, respectively, and those for 
silicon metal increased by 2096 compared with those in 2009 
(table 1). 

Silicon is a light chemical element with metallic and 
nonmetallic characteristics. Silicon is rarely found free in 
nature. Silicon combines with oxygen and other elements to 
form silicates, which comprise more than 2594 of the Earth's 
crust. Silica (S1O,) as quartz or quartzite is used to produce 
silicon ferroalloys for the iron and steel industries and silicon 
metal for the aluminum and chemical industries. Silicon 
metal that is refined into semiconductor-grade metal for use in 
making computer chips is crucial to modern technology, but the 
quantity is less than 5% of total silicon metal demand (Roskill’s 
Letter from Japan, 2000). Silicon metal also may either be 
used directly in an upgraded metal lurgical form or refined into 
wafers to power solar batteries. The U.S. Geological Survey 
(USGS) does not survey the ultrahigh-purity silicon industry for 
production and related data; therefore, the only information in 
this report about these high-purity grades is from foreign trade 
statistics and from published sources. 


Production 


Silicon Ferroalloys.—Domestic production data for silicon 
ferroalloys are derived from monthly and annual voluntary 
surveys and estimates for nonrespondents by the USGS. The 
data in table 2 were obtained from all operations listed in 
table 3 that are canvassed by means of the USGS “Silicon 
Alloys" survey. In terms of gross weight and compared with 
that of 2009, domestic ferrosilicon gross production and net 
shipments increased by 26% and 29%, respectively. Producer 
Stocks of ferrosilicon at yearend 2010 increased by 39% 
compared with those at yearend 2009. Data for ferrosilicon 
reflected adjustments in inventory and in-plant consumption 
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of ferrosilicon to produce magnesium ferrosilicon and other 
miscellaneous alloys. 

In April, Globe Specialty Metals, Inc. (GSM; owner of 
U.S.-based silicon producer Globe Metallurgical, Inc.) acquired 
Coraopolis, PA-headquartered Core Metals Group, LLC for $52 
million in cash from Ospraie Funds. Core Metals Group had the 
capacity to produce 42,000 metric tons per year (t/yr) of silicon 
alloys at its Bridgeport, AL, plant (Globe Specialty Metals, Inc., 
20102). 

Silicon Metal. —Production-related statistics for silicon metal 
were withheld to avoid disclosing company proprietary data. In 
February, GSM reopened its 27,000-t/yr silicon metal plant in 
Selma, AL (Globe Specialty Metals, Inc., 2010b). 

Semiconductor- and Solar-Battery-Grade Silicon.— 

U.S. production capacity for polycrystalline silicon used in 
semiconductor and solar cells was reported to have increased by 
2696 to 60,500 t in 2010 from that in 2009. The United States 
led the world in polycrystalline production capacity with 3796 of 
the total, followed by Germany and the Republic of Korea each 
with 16%. Total annual domestic polycrystalline production 
capacity by company was as follows: Hemlock Semiconductor 
Corp., 36,000 t; REC Group (includes REC Advanced Silicon 
Materials LLC and REC Solar Grade Silicon LLC), 15,000 t; 
MEMC Electronic Materials, 8,000 t; and Mitsubishi Materials 
Group, 1,500 t (Roskill’s Letters from Japan, 2010b, p. 4). 

Upgraded-Metallurgical-Grade Silicon Metal.— 
Upgraded-metallurgical-grade silicon metal (UMG-Si) is used 
in silicon-based photovoltaic (solar) cells. UMG-Si does not 
require as much additional refinement as does polycrystalline 
silicon, which has been traditionally used in solar panel wafers. 
GSM did not produce UMG-Si commercially in 2010; rather, 
the company focused on research and development projects 
to improve UMG-Si production. GSM's UMG-Si production 
capacity was 360 t/yr at its Solsil plant in Beverly, OH 
(Globe Specialty Metals, Inc., 2010c, p. 7, 13). 


Consumption 


Silicon Ferroalloys and Metal. —Most ferrosilicon (including 
miscellaneous silicon alloys) was used to produce steel 
(6976) (table 4). Silicon metal was used mainly to produce 
chemicals—silanes, silicones, and others—and silica fume 
(77%). Metallurgical-grade silicon carbide can Substitute 
for ferrosilicon, especially in iron foundries. Data on North 
American production and U.S. imports of silicon carbide are 
reported in the Manufactured Abrasives chapter of the 2010 
USGS Minerals Yearbook, volume I, Metals and Minerals 

In 2010, apparent consumption of ferrosilicon and | 
miscellaneous silicon alloys increased by 51% to 312,000 t 
compared with the revised amount of 207,000 t in 2009 


ООО 


(table 1). Increases in domestic production and net imports for 
consumption contributed to the rise in ferrosilicon apparent 
consumption. Silicon metal apparent consumption was withheld 
to avoid disclosing company proprietary data. 

Reported consumption of ferrosilicon, which includes 
miscellaneous silicon alloys, was 4496 of apparent consumption 
(content basis). This percentage was derived based on the 
typical silicon content of these materials noted in table 4. 

Consumption of ferrosilicon and silicon metal was estimated 
by CRU International Ltd. to have each increased throughout 
the western world in 2010. In terms of contained silicon, 
ferrosilicon consumption increased to 1.99 Mt in 2010 from 
1.41 Mt (revised) in 2009, and silicon metal consumption 
increased to 1.49 Mt from 1.03 Mt. Areas with the largest year- 
to-year increase in consumption of ferrosilicon, in terms of 
volume, were Europe, Japan, and the United States. Areas with 
the largest year-to-year increase in silicon metal consumption, in 
terms of volume and as categorized by CRU International, were 
the European Union (EU) and other western world countries 
(excluding the EU and all Asian countries), and the United 
States. In decreasing order of consumption, Europe, other Asian 
countries (excluding China, Japan, and North Korea), and Japan 
accounted for 7296 of the ferrosilicon consumption in 2010. 
Also in decreasing order of consumption, the EU, the United 
States, and other Asian countries (excluding China, Japan, and 
North Korea) accounted for 7276 of the silicon metal consumed 
in 2010 (CRU Bulk Ferroalloys Monitor, 2011a, b). 


Prices 


Ferrosilicon and silicon metal prices (excluding those of | 
ultrahigh-purity silicon) tend to vary in response to changes in 
supply to, and consumption requirements by, the aluminum, 
chemical, ferrous foundry, and steel industries. There were 
significant increases in silicon material prices in 2010 from 
those in 2009 because of increased consumption in the United 
States as market conditions improved following the economic 
downturn that began during the third quarter 2008 and lasted 
through 2009. The year-average spot prices given by Platts 
Metals Week were 97.2 cents per pound for 75% ferrosilicon 
140.1 cents per pound for silicon metal; these prices 
% and 20% higher, respectively, than those of 2009. 
rage North American transaction price for 50% 

s calculated from Ryan's Notes listings was 109.3 
cents per pound, a 4276 increase from that of 2009. Average | 
monthly ferrosilicon and silicon metal spot prices were at their 
lowest in January 2010 before generally trending upward until 
hitting a high in November—159 cents per pound for silicon 
metal, 122.3 cents per pound for 5076 ferrosilicon, and 112 
cents per pound for 75% ferrosilicon. The range for spot market 
rices, in cents per pound, ended the year as follows: ой 
п 155 to 160; 50% ferrosilicon, 115 to 120; and 75% 


ferrosilicon, 106 to 110. 
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In decreasing order of quantity, Canada and Mexico accounted 
for 77% of the total 2010 ferrosilicon exports (table 5). 
Exports of silicon metal increased by 74% to 65,900 t, and 
their value increased by 31% to $2.7 billion from that of 2009. 
In decreasing order of quantity, China, Japan, and Germany 
accounted for 69% of silicon metal exports. Shipments of 
high-purity silicon containing more than 99.99% silicon 
accounted for 7696 of total silicon metal exported and 76% 
of the total value of combined ferrosilicon and silicon metal 
exports. 

U.S. ferrosilicon imports increased by 123% to 229,000 t, and 
the value of those imports increased by 17196 to $342 million 
compared with that in 2009. These imports increased primanly 
because of an increase in the “55% to 80% silicon, other" 
ferrosilicon trade category. Imports of standard 75% ferrosilicon 
(ferrosilicon category of “55% to 80% silicon, other") accounted 
for 83% of total ferrosilicon imports by gross weight and 85% 
of total ferrosilicon value (table 6). Russia (4796) was the 
leading source of ferrosilicon imports, followed by China (25%) 
and Canada (13%). 

Silicon metal imports (175,000 t) increased by 51% from 
those in 2009, and increased by 579^ in value to $748 million 
from $477 million in 2009. The increase in silicon metal imports 
was attributable to increases in the “99.00% to 99.99% silicon" 
(38,800 t) and “silicon, other" (18,400 t) trade categories. Brazil 
was the leading source of “99.00% to 99.99% silicon" silicon 
metal imports at 4696, followed by South Africa at 24% and 
Australia at 8%. Canada was the leading source of "silicon, 
other" silicon metal imports at 4296, followed by Brazil at 35% 
and France at 9%. Silicon metal in the “99.00% to 99.99% 
silicon" trade category accounted for 81% of the quantity, and 
50% of the value, respectively, of all silicon metal imported 
in 2010. The quantity of silicon metal imports in this trade 
category increased by 3896 compared with that of 2009. | 

The estimated U.S. net import reliance for ferrosilicon in | 
2010 as a percentage of apparent consumption decreased to 53% 
from 54% (revised) in 2009. Silicon metal import reliance was 
withheld to avoid disclosing company proprietary data. 

Antidumping Duty Administrative Reviews.—Final Е 
antidumping duty rates assessed in 2010 on imports of silicon 
materials to the United States are listed in table 7. Results of 
appeals of import antidumping duty reviews made in 2010 are 
listed in table 8. 

Foreign-Trade Zone Designa 
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with restrictions to Dow Corning C 
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U.S.-World Trade Organization (WTO) Chinese Raw 
Material Export Dispute Settlement Proceedings.—On March 
29, panel representatives were appointed to the WTO Dispute 
Settlement Body (DSB) that was formed in response to requests 
from the EU, Mexico, and the United States regarding curbs 
placed by China in 2009 on exports of various materials, 
including a 1596 tax on silicon metal exports. The DSB panel 
was expected to finalize proceedings in April 2011 (Office of 
the United States Trade Representative, 2009; American Metal 
Market, 2010a; World Trade Organization Dispute Settlement 


Body, 2010). 
World Industry Structure 


Data on annual world production of ferrosilicon and silicon 
metal by country from 2006 through 2010 are provided in the 
Ferroalloys chapter of the 2010 USGS Minerals Yearbook, 
volume I, Metals and Minerals. World production of 
ferrosilicon, on a gross-weight basis, was estimated to have been 
7.89 Mt in 2010 compared with 7.32 Mt (revised) in 2009. The 
major ferrosilicon producers in 2010 were, in decréasing order, 
China, Russia, the United States, Norway, and Ukraine; they 
accounted for 87% of total world production listed in table 1. 

World production of silicon metal, excluding that from the 
United States, was estimated to have been 2.18 Mt in 2010 
compared with 1.79 Mt (revised) in 2009 (table 1). China was 
by far the leading producer of silicon metal in the world in 
2010 with an estimated 1.5 Mt; this was 6996 of the world total. 
Other major producers of silicon metal in 2010 were, excluding 
the United States and in decreasing order, Norway, Brazil, and 
France; they accounted for 1996 of world production reported in 
table 1. New ferrosilicon and silicon metal projects scheduled 
for completion around the world from 2010 through 2014 are 
listed in table 9. 


World Review 


European Union.—In May, the Council of the European 
Union assessed new, lower antidumping duties on silicon metal 
imports from China and the Republic of Korea effective during 
the next 5 years. An antidumping duty rate of 1996 would 
apply to all silicon metal imports except those from Datong 
Jinneng Industrial Silicon Co. Ltd., which would be 16.396. A 
49% antidumping duty rate had been in place on silicon metal 
Imports from China and the Republic of Korea since 1990 and 
2007, respectively (Official Journal of the European Union, 
2010, p. 21). 

Bhutan.—Starting in 2008, Bhutan became a new 
ferrosilicon-producing country. By 2010, there were six 
ferrosilicon producers in the country—Bhutan Ferro Alloys 
Ltd. (BFAL); Bhutan Ferro Industries Ltd.; Druk Ferro Alloys 
Ltd.; Druk Wang Alloys Ltd.; SD Eastern Bhutan Ferro Silicon 
Pvt. Ltd.; and Ugen Ferroalloys Pvt. Ltd. The country's total 
ferrosilicon production capacity was estimated to be 100,000 
Ууг; BFAL had the largest capacity with 34,000 t/yr. According 
to the United Nations trade statistics, Bhutan exported most 
of its ferrosilicon to India (United Nations Statistics Division, 
unpublished data, August 2011; Wangdi, 2011). 
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Canada.—In October, Timminco Ltd. and Dow Corning 
formed a joint venture, dubbed Quebec Silicon, to produce 
silicon metal at Timminco's wholly owned Becancour Silicon 
Inc. plant in Becancour, Quebec. Timminco retained 51% 
ownership in, and operational control of, the plant. Production, 
initially set at 47,000 t/yr, would be split proportionally between 
the two companies. Timminco continued to hold 10076 equity 
in UMG-Si production at Becancour under the new name of 
Timminco Solar. Timminco Solar facilities remained closed in 
2010 pending recovery in the solar market, but Quebec Silicon 
operated at full production capacity to meet the needs of the 
aluminum and chemical industries (Timminco Ltd., 2010; 2011, 
p. 2, 10, 14). 

China.—China’s exports of silicon materials in 2010 were 
significantly higher than those in 2009 because of improved 
global economic conditions, despite continued high export 
tariffs and reduced energy consumption and carbon dioxide 
(CO, ) emission targets imposed by the Central Government 
of China in September 2010. China's exports of ferrosilicon 
increased by 77% to about 735,000 t from the amount exported 
in 2009. The leading countries of destination for Chinese 
ferrosilicon were Japan (45%), the Republic of Korea (21%), the 
United States (6%), and Taiwan (4%). China's exports of silicon 
metal were also significantly higher in 2010 compared with 
those in 2009; they were up 5096 to 633,464 t from 421,610 t. 
The leading countries of destination for Chinese silicon metal 
were Japan (29%), the Republic of Korea (13%), the United 
Kingdom (796), and Thailand (696) (TEX Report, The, 
2011a, b). 

Chinese export tariffs in 2010 for ferrosilicon and silicon 
metal remained at 25% and 15%, respectively (Metal-Pages, 
2011). With these duties, the Chinese Government aimed to 
reduce exports of these materials from the country so more 
material would be available for the domestic market. 

The Central Government of China imposed electricity and 
CO, emission restrictions on energy-intensive industries in the 
fourth quarter of 2010; CO, emissions were to be reduced by 
20%. Electricity supply on the national grid was cut mainly 
in the so-called Silicon Land—the area comprised of Gansu 
Province, Inner Mongolia Autonomous Region, Ningxia Hui 
Autonomous Region, and Qinghai Province. As a result, 
Chinese ferrosilicon and silicon metal production fell, and 
spot-market prices rose sharply at the end of the year (TEX 
Report, The, 2011c, d). 

France.—In late March, Grupo FerroAtlántica S.L. 
(Ferroatlantica) restarted production at its five French silicon 
plants as aluminum and chemical market conditions improved, 
The plants included the following with their associated products 
and capacities: Anglefort, silicon metal (36,000 t/yr); Chateau 
Feuillet, silicon metal (12,000 t/yr); Laudun, ferrosilicon 
(25,000 t/yr) and silicon (14,000 t/yr); Les Clavaux, silicon 
metal (35,000 t/yr); and Montricher, silicon metal (30,000 t/yr) 
(Metal-Pages, 2010b). | "s 

Kazakhstan.— Eurasian Natural Resources Corp. PLC 
produced 48,000 t of ferrosilicon in 2010 at its Aksu plant i 

; 5 n 
Kazakhstan and its Serov plant in Russia (Eurasian Natural 
Resources Corp. PLC, 2010a, p. 13; b, p. 12; c, p. 6; 201 l, p. 6). 
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MN 


Macedonia.—O wnership in the Silmak dooel silicon 


materials plant located in Jegunovce changed twice during 2010. 


In February, Paris-registered metal trader Société Commerciale 
de Métaux et Mineraux sold the plant to Metal Invest EFT, 
the Macedonian unit of international energy trading company 
The EFT Group. Metal Invest then sold 90% of the plant to 
Hong Kong-based Camelot Group in July. The plant, renamed 
Jugohrom Ferroalloys, resumed ferrosilicon production in July 
at a rate of 4,500 metric tons per month (t/mo) with the restart 
of four of its eight ferrosilicon furnaces; the plant had been shut 
down since early November 2009. The company was reportedly 
upgrading the remaining four ferrosilicon furnaces to produce 
silicon metal (Metal-Pages, 2010e; SeeNews, 2010). 
Norway.—Norwegian producers of silicon-materials 
ramped-up production considerably during 2010 in response 
to improved market conditions and low inventories. Fesil AS 
reported full capacity utilization at its two-furnace Rana Metall 
ferrosilicon plant after May. The Rana Metall ferrosilicon 
plant production capacity was 90,000 t/yr. Fesil held majority 
interest (5196) in Fesil Sunergy AS, which started construction 
in 2010 on a fully financed UMG-Si pilot plant at Fesil's idled 
Lilleby silicon-materials plant. Fesil Sunergy's goal would be to 
produce 6,800 t/yr of UMG-Si (Fesil AS, 2011, p. 3-4, 10, 20). 
By the third quarter, Finnfjord Smelteverk was operating 
all three furnaces, up from two in 2009, at its 100,000-t/yr 
ferrosilicon plant near Finnsnes. Virtually all of Finnfjord's 
production was exported to the European Union. Construction 
also began on Finnfjord's energy-recovery plant to capture 
waste heat from its ferrosilicon furnaces. The energy the 
company would save, estimated to be 340 gigawatt-hours, 
would be equivalent to the annual electricity requirements 
of 12,000 single family homes (Metal-Pages, 2010d; Norske 
i 1, p. 4). 
gem (20 "1 p. 6) reported its Elkem AS silicon-related 
businesses were operating at close to full capacity by the end 
of September. In the third quarter of 2010, average capacity 
utilization was 9196 compared with 57% in the third quarter of 
2009. Elkem had total ferrosilicon production capacity of 76,000 
t/yr; 40,000 t/yr at the Bjolvefossen plant and 36,000 t/yr in 
Bremanger. Elkem 's silicon metal capacity was as follows: Salten, 
65.000 t/yr; Thamshavn, 40,000 Џуг; and Bremanger, 28,000 t/yr. 
ducer Wacker Chemie AG acquired the 


rman chemical pro qui 
rcd Holla Metall silicon metal plant from Fesil in June 


illi 0 million). As a result, the plant would 
ad vcn джет " its annual silicon metal needs, 
d И to 20% of silicon metal would be removed from the 
HUNE spot market (American Metal Market, 2010b; Wacker 
hemi .2). 
"M сув ee Е" sole ferrosilicon producer Huta 
2 si doubled production to 5.000 t/mo to meet increasing iron 
Mun industry requirements. The company's total ferrosilicon 
БИ Й n capacity Was 96,000 t/yr (Metal-Pages, 201 0a). 
2 Russia exported 412,892 t of ferrosilicon in 2010, 
d 30% from that in 2009. This was an alltime high 
5i Е as Russian producers filled the void left by a 
pueden wm ferrosilicon exports to Europe and Asia. The 
deo ш destinations for Russian ferrosilicon exports were the 
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Netherlands (115,822 t), Japan (103,372 t), and the Republic of 
Korea (76,639 t) (TEX Report, The, 2011e, f). 

Mechel ОАО reported an increase in ferrosilicon production 
at its Bratsk ferroalloys plant in Eastern Siberia to 89,920 t in 
2010 from 86,010 t in 2009. The company planned to increase 
the plant's ferrosilicon production capacity to 122,000 t/yr from 
87,200 t/yr by 2013 (Mechel ОАО, 2011, p. 104-105, 107). 

Spain.—During the year, Ferroatlantica operated only one 
furnace at reduced capacity at its Sabon silicon metal plant. The 
Sabon plant had a total production capacity of 40,000 t/yr 
(Metal Pages, 2010c). 

Ukraine.—Ferrosilicon production in the Ukraine increased 
by 3096 to 195,500 t from 150,300 t in 2009. Stakhanov 
Ferroalloy Works produced 136,100 t of ferrosilicon, up 22.6% 
from that of 2009, and Zaporizhiya Ferroalloy Works produced 
59,400 t of ferrosilicon, up 51% from that of 2009 (Interfax 
Russia & CIS Metals & Mining Weekly, 2011). 


Outlook 


Domestic and global consumption for ferrosilicon was 
expected to follow closely the trend in steel production, for 
which the annual growth rate has been typically in the range 
of 196 to 2% in the United States. Details of the outlook for 
the steel industry are discussed in the Outlook section of the 
Iron and Steel chapter of the 2010 USGS Minerals Yearbook, 
volume I, Metals and Minerals. According to the World Steel 
Association (2011), raw steel production, compared with that in 
2009, increased by 38.5% to 80.6 Mt in the United States and 
by 15% worldwide to slightly more than 1.4 billion metric tors 
(Gt). Raw steel production in China, the leading world producer 
of raw steel, increased by 9.396 to about 627 Mt. MEPS | 
(International) Ltd. (2011) forecast world raw steel production 
would increase by 596 to 1.49 Gt in 2011 from that in 2010, and 
then by 4.495 in 2012. | 

Demand for silicon metal comes primarily from the aluminum 
and chemical industries. Consumption of silicon metal by the U3. 
aluminum castings industry was expected to mirror the short-term 
growth rate of 14.9% from 2010 through 2013 in aluminum " 
casting sales, and the long-term growth rate of 10.9% d oe 
through 2019 (Modern Casting, 2011). U.S. chemical pro pen 
was expected to increase by 3% in 2011 (by 2.7% when ЈЕ 5 
pharmaceuticals) compared with that in 2010. Deloitte я 
forecast that China would overtake the United States iu в 
world's largest chemical market in 2011 (Bomgardner, we 

World production capacity for polycrystalline Som piion 
used as a rough indicator of ultrahigh-purity Vea ord 
Compared with the revised amount of 95,000 t ~ No. 

ine sili i d by 53% to 145,000 
polycrystalline silicon output increased 9 ounted fo 
in 2010. Of that amount, the solar cell s s S iro 
83% and the semiconductor ma Say iR x increase by 
capacity for polycrystalline pes БЕ world 
30% to 213,600 (іп 2011 from пати acity would increase 0 
polycrystalline silicon production cap? 010a, p.3; b.P 1,4) 
242,600 t (Roskill’s Letters from Japan, 
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TABLE 1 
SALIENT SILICON STATISTICS! 


(Contained silicon, unless otherwise noted) 


UU 200 X 200 208 209 200 
DRE MM SS SS ESS IL c CU CIC COR C СОСЕН 
United States: 
Production: 
TC ECCE CRM EGER EE 
Ferrosilicon thousand metric tons 146 155 180 = 
ESSEN Мык ы шы ш M с шшш шы ш наоса C ааа CDL. Qu CM CC C MMOL OC 
Silicon metal do. W W 
Exports: : 
9 
Ferrosilicon do. 5 7 10 = 2 
Silicon metal do. 27 28 35 


Imports for consumption: 


—Kpparent consumption: 


Apparent consumption: 


r 312 

Ferrosilicon do. 363 359 352 207 = 

ei, a MEC КЕНИИ МИНИИ. DAMM 
Silicon metal do. W 

Price, average: Күк e" -— 


“Price, average; ___________ 
Ferrosilicon, 50% 51" cents per pound 62.93 73.96 1526 m P 

ilicon, 75% S? do. 54.87 65.62 | | 
Ferosilicon, 734 > do 79.29 112.69 162.29 116.37 140.0 


Silicon metal" 
World production, gross weight: 7,890 


r 7,320 ' 
‘li and metric tons , 
Ferrosilicon thous Р YE 1.600 ' 1.680 ' 1,790 ' 2,180 


Silicon metal" | = — 
'Revised. do. Ditto. W Withheld to avoid disclosing company proprietary data. 


Гаја are rounded to no more than three significant digits. 

?Ryan's Notes North American transaction prices based on weekly averages. 
3platts Metals Week mean import prices based on monthly averages. 

^platts Metals Week dealer import prices based on monthly averages. 


5Excluding the United States. 
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TABLE 2 
PRODUCTION, SHIPMENTS, AND STOCKS OF SILICON ALLOYS AND METAL IN THE UNITED STATES id 


(Metric tons) 
mm 2009 2010 
i Producers' Producers' 
Silicon content stocks, Gross Net stocks, 
(percent) December 31 production? shipments December 31 
ЛЕ Material | Range Typical (gross weight) (gross weight) (gross weight) (gross weight) 
Еетоз сол“ 25-65 3 48 11,000 ' 153,000 113,000 12,700 
_ Do. 56-95 76 11,300 ' 135,000 138,000 18,300 
Silicon metal, excluding semiconductor grades 96-99 98 W W W W 


‘Revised. Do. Ditto. W Withheld to avoid disclosing company proprietary data. 

Data are rounded to no more than three significant digits. 

Data for silvery pig iron (less than 25% silicon) withheld to avoid disclosing company proprietary data. 
*Ferrosilicon production includes material consumed in the production of miscellaneous silicon alloys. 
“Includes miscellaneous silicon alloys. 


525% to 55% for ferrosilicon; 32% to 65% for miscellaneous silicon alloys. 


TABLE 3 
т PRINCIPAL PRODUCERS OF SILICON ALLOYS AND (OR) SILICON 
4 METAL ІМ THE UNITED STATES IN 2010 


à | Producer Plant location Product 
i CC Metals and Alloys, Inc. Calvert City, KY — Ferrosilicon. 
| Globe Metallurgical, Inc.! Alloy, WV Ferrosilicon and silicon metal. 
Do. Beverly, OH Do. 
р . Do. Niagara Falls, NY Silicon metal. 
| Оо. Selma, AL Do. 
Core Metals Group? Bridgeport, AL Ferrosilicon. 
Simcala, Inc.? Mt. Meigs, AL Silicon metal. 
Do. Ditto. i 


'Owned by Globe Specialty Metals, Inc. (GSM). 
? Acquired by GSM in April 2010. 
*Owned by Dow Corning Corp. 
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UNITED STATES IN 2010 "2 


End use 
Steel: 
Carbon and high-strength, low-alloy 
Stainless and heat-resisting 


ЕТ 


 Bleticandtol === y S 
Unspecified 
Total 


Cast irons 


Superalloys 
Alloys, excluding superalloys and alloy steel 
Miscellaneous and unspecified 
Grand total 
Consumers' stocks, December 31 
-- Zero. 


TABLE 4 
REPORTED CONSUMPTION, BY END USE, AND STOCKS OF SILICON FERROALLOYS AND METAL IN THE 


(Metric tons, gross weight) 


Silvery 


pig iron? 


(9) 


| 


4,540 


(9) 
4,540 
359 


Ferrosilicon, 
50%* 


(10) 
(10) 
5,070 
24,400 
29,400 
25,700 
(9) 

(9) 

(9) 
55,100 
1,110 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes U.S. Geological Survey estimates. 


>Typically 18% silicon content but ranges between 5% to 24% silicon content. 
‘Typically 48% silicon content but ranges between 25% to 55% silicon content; includes briquets. 
“Typically 76% silicon content but ranges between 56% to 95% silicon content; includes briquets. 


‘Typically 98% silicon content but ranges between 96% to 99% silicon content. 


Ferrosilicon, 
75%; 


35,700 
46,300 
7,980 
(10) 
20,100 
110,000 
22,900 
(11) 

(11) 

922 
134,000 


9,050 = 


"Typically 48% silicon content. Primarily magnesium-ferrosilicon but also includes other silicon alloys. 
STypically 64% silicon content but ranges between 63% to 70% silicon content. Does not include silicon carbide for abrasive or refractory uses. 


*tncluded with “Cast irons,” to avoid disclosing company proprietary data. 


l0included with “Steel: Unspecified,” to avoid disclosing company proprietary data. 
Пінсішдей with “Miscellaneous and unspecified,” to avoid disclosing company proprietary data. 


!'? Primarily aluminum alloys. 
PPrimarily silicones, fumed silica, and other chemicals. 
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Silicon — Miscellaneous 
metal® silicon alloys’ 
(11) 1,490 

285 (10) 

(11) (10) 
(11) 456 

285 1,940 

(11) 14,300 

(11) (9) 
52,200 12 -- 
176,000 13 (9) 
228,000 16,300 
2,200 783 
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Silicon 


carbide" 


(10) 
(10) 
(10) 
5,910 
5,910 
20,800 


(9) 
26,700 
740 


ok—2010 


NTE 


Tr 


Country 
Ferrosilicon: 
More than 55% silicon: 
Brazil 
Canada 
Ecuador 
Germany 
Italy 
Japan 
Mexico 
Netherlands 
Turkey 
United Kingdom 
Other (12 countries) 
Total 
_ Other ferrosilicon: 
Belgium 
Canada 
Colombia 
Japan 
Korea, Republic of 
Luxembourg 
Mexico 
Netherlands Antilles 
Turkey 
United Kingdom 
Other (12 countries) 
Total 
Total ferrosilicon 
Metal: 
More than 99.99% silicon: 
China 
France 
Germany 
Hong Kong 
Japan 
Korea, Republic of 
Norway 
Singapore 
Taiwan 
Ukraine 
Other (55 countries) 
Total 
99.00%-99.99% silicon: 
Belgium 
Egypt 
Germany 
Indonesia 
Israel 
Japan 
Mexico 
Singapore 
Spain 
United Kingdom 
See footnotes at end of table. 
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TABLE 5 
U.S. EXPORTS OF FERROSILICON AND SILICON METAL, 


BY GRADE AND COUNTRY, IN 2010" 2 


Gross weight 


(metric tons) 


550 
14,000 


480 
110 
270 
6,590 
25,400 


19,500 
339 
5,670 
683 
10,000 
2,450 
5,240 
1,650 
3,270 
288 
838 
49,900 


Contained weight 
(metric tons) 


49,900 * 


Value 


$983,000 
9,330,000 
109,000 
58,900 
128,000 
286,000 
3,820,000 
2,990,000 
91,400 
113,000 
306,000 
18,200,000 


639,000 
1,840,000 
149,000 
1,430,000 
621,000 
117,000 
4,810,000 
169,000 
905,000 
197,000 
538,000 
11,400,000 
29,600,000 


910,000,000 
15,200,000 
256,000,000 
23,900,000 
635,000,000 
168,000,000 
269,000,000 
107,000,000 
181,000,000 
13,700,000 
80,200,000 
2,660,000,000 


320,000 
825,000 
2,690,000 
190,000 
90,000 
3,210,000 
149,000 
209,000 
107,000 
271,000 
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TABLE 5—Continued 


U.S. EXPORTS OF FERROSILICON AND SILICON METAL, 
BY GRADE AND COUNTRY, IN 2010" 2 


Gross weight Contained weight 
Country (metric tons) (metric tons) Value 
Metal—Continued: | 
99.00%-99.99% silicon—Continued: 
Other (19 countries) 184 182 $327,000 
Total 3,330 3,300 8,390,000 
Other silicon: | 
Canada 2,250 2,180 6,840,000 
China 351 341 569,000 
Germany 64 62 248,000 
Hong Kong 1,030 1,000 1,570,000 
Japan 7,650 7,380 20,600,000 
Mexico 434 421 712,000 
South Africa 57 56 115,000 
Taiwan 246 235 1,830,000 
United Arab Emirates 52 50 152,000 
United Kingdom 264 259 474,000 
Other (20 countries) 210 204 576,000 
Total 12,600 12,200 33,700,000 
Total silicon metal 65,900 65,400 2,700,000,000 


"Estimated. XX Not applicable. 


Countries listed are the leading exporters in terms of year-to-date quantities (gross weight). 


"Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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TABLE 6 
U.S. IMPORTS OF FERROSILICON AND SILICON METAL, 


BY GRADE AND COUNTRY, IN 2010!" 2 


Gross weight Contained weight 


Country (metric tons) (metric tons) Value | 
55%-80% silicon, more than 3% Ca: 
Argentina 113 76 $256,000 
Brazil 1,640 987 4,010,000 
Canada 1 1 2,680 
China 1,570 1,150 2,020,000 
оке > S 1,030 667 2,620,000 
Israel 38 23 82,000 
Norway 15 10 44,500 
Total 4,410 2,910 9,040,000 
55%-80% silicon, other: 
Brazil 1,340 1,020 2,300,000 
Canada 11,300 8,340 23,700,000 
China 41,600 31,500 57,300,000 
France 1,800 1,320 4,930,000 
Germany 709 520 3,500,000 
Hong Kong 500 375 855,000 
India 323 238 844,000 
Norway 219 163 644,000 
Russia 108,000 82,600 159,000,000 
Venezuela 23,200 14,400 38,300,000 
Other (3 countries) 173 117 612,000 
Total 189,000 144,000 292,000,000 
80%-90% ferrosilicon, Germany 186 15] 311,000 
Magnesium ferrosilicon: 
Argentina 566 225 1,500,000 
Brazil 1,630 736 2,710,000 
Canada 11,300 5,110 20,100,000 
China 395 180 736,000 
France 525 220 774,000 
Japan 31 14 125,000 
Norway 5 2 17,300 
South Africa 19 8 18,900 
Total 14,500 6,500 26,000,000 
Other ferrosilicon: 
Brazil 35 16 13,700 
Canada 6,990 1,730 8,450,000 
China 13,600 1,960 7,050,000 
France 9 5 22,500 
Singapore 4 2 7,170 
Total 20,700 3,710 15,500,000 
Total ferrosilicon 229,000 157,000 342,000,000 
Metal: 
More than 99.99% silicon: 
Brazil 56 XX 8,950,000 
Canada 363 XX 6,990,000 
China 151 XX 6,240,000 
Germany 2,530 XX 166,000,000 
Italy 295 XX 20,500,000 
Japan 468 XX 46,200,000 
Korea, Republic of 628 XX 35,100,000 
Norway 256 XX 8,470,000 
Russia 55 XX 3,980,000 


See footnotes at end of table. 
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TABLE 6—Continued 
U.S. IMPORTS OF FERROSILICON AND SILICON METAL, 


BY GRADE AND COUNTRY, IN 2010" 2 


Gross weight Contained weight 


Country (metric tons) (metric tons) Value 
Metal—Continued: 
More than 99.99% silicon—Continued: 
Taiwan 46 XX $3,260,000 
Other (11 countries) 26 4,140,000 
Total 4,870 4,870 * 309,000,000 
99.00%-99.99% silicon: 
Australia 10,900 10,900 29,200,000 
Brazil 64,800 63,400 172,000,000 
Canada 7,490 7,330 20,000,000 
France 1,280 1,280 4,320,000 
Laos 7,280 7,250 15,300,000 
Norway 8,300 8,250 31,800,000 
Philippines 436 433 1,020,000 
South Africa 33,800 33,600 83,500,000 
Spain 2,420 2,410 6,340,000 
Thailand 3,490 3,480 7,930,000 
Other (9 countries) 426 141 1,020,000 
Total 141,000 138,000 372,000,000 
Other silicon: 
Australia 240 237 727,000 
Brazil 10,100 9,840 19,800,000 
Canada 12,200 11,900 29,000,000 
Спа оо — 353 220 767,000 
Егапсе 2,710 2,650 6,680,000 
Germany 156 43 199,000 
Japan 282 228 759,000 
Norway 2,650 2,060 6,890,000 
Philippines 205 202 492,000 
Sweden 148 108 186,000 
Other (5 countries) 193 168 436,000 
Total 29,200 27,600 66,000,000 
Total silicon metal 175,000 171,000 748,000,000 


Presentation of monthly data is based on the year-to-date quantities (gross weight) of the leading countries. 


2 X Ж. 
Data are rounded to по more than three significant digits; may not add to totals shown. 


TABLE 7 
SILICON MATERIALS: FINAL ANTIDUMPING DUTY RATES ASSESSED IN 2010! 


(Listed in order of date assessed) 


Imported Country Period of Producer and 
Date material of origin investigation duty rate 
January 12 Silicon metal China 6/1/07-5/31/08: All imports (139.4994), except those from: 


Jiangxi Gangyuan (50.0296) and 


Shanghai Jinneng (23.16%) 
March 29 Do. do. 


6/1/05-5/31/06 Jiangxi Gangyuan (71.57%) and 


: Shanghai Jinneng (50.41%) | 
April 21 Do. Brazil 7/1/96—6/30/97 _ Eletrosilex S.A. (67.93%) 
Do: do. Ditto; == аныны а. 


1 " А А 
Antidumping duties are assessed by the International Trade Commission. 


Source: Federal Register notices, unless otherwise noted. 
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Projected 
year of first 
production 

2010 


2010 


2010 


2010 


TABLE 9 
SILICON MATERIALS: PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 2014" 234 


(Metric tons, gross weight, unless otherwise specified) 


Country Project and company 
China ERDOS Qipanjing Plant 
ERDOS Group 
Do. Henan Sunshine Silicon Plant 


Henan Sunshine Silicon Technology 
Development 
Do. Qinghai Wutong Plant 
Qinghai Wutong (Group) Industry Co., Ltd. 
Kazakhstan Silicium Kazakhstan Silicon Plant 


Project type 


ferroalloys plant expansion 


silicon plant expansion 


ferroalloys plant expansion 


silicon plant expansion 


Incremental 


annual 


capacity 
100,000 


80,000 


25,000 


12,500 


Total 
annual 


production production 


capacity — Silicon product? 
650,000  FeSi. 


120,000 Si. 


400,000 Ее$і. 


25,000 Si. 


Silicium Kazakhstan LLP 
2010 Russia Yurga Plant do. 41,400 FeSi. 


2010 


2011 


2011 


2011 


2011 


2011 


JSC? Kuznetsk Ferroalloys 


Thailand Ratchaburi Silicon Plant 
G.S. Energy Co., Ltd. 
Australia Simcoa Silicon Plant 
Simcoa Operations Pty., Ltd. 
China ERDOS Qipanjing Plant 
ERDOS Group 
Do. Ferroatlantica Sichuan Silicon Plant 


Grupo FerroAtlántica, S.L. 
Do. Qinghai Wutong Plant 
Qinghai Wutong (Group) Industry Co., Ltd. 
Kazakhstan Silicium Kazakhstan Silicon Plant 


new silicon plant 
silicon plant expansion 
ferroalloys plant expansion 


new silicon smelter 


ferroalloys plant expansion 


silicon plant expansion 


19,500 


NA 


16,000 


350,000 


NA 


25,000 


12,500 


25,000 $1. 
48,000 По. 


1,000,000 Ее. 


50,000 Si. 
450,000 Fesi. 
37,500 Si. 


Silicium Kazakhstan LLP — IG 
2011 Russia Yurga Plant do. 41,400 80,000 FeSi. 

JSC? Kuznetsk Ferroalloys о 
2011 Thailand Ratchaburi Silicon Plant do. 20,000 45,000 Si. 

G.S. Energy Co., Ltd. —— 
2012 Australia Simcoa Silicon Plant do. 16,000 64,000 По. 


2012 


2012 


2012 


2013 


2013 


2013 


2013 


Simcoa Operations Pty., Ltd. 

ERDOS Qipanjing Plant 

ERDOS Group 

Kazakhstan Ekibastuz Silicon Plant 

Pohang Iron and Steel Company (POSCO, 
60%) and Zaman Group (4096) 

Kafue Ferroalloys Plant 

Universal Mining and Chemical Industries 
Ltd. (Umcil) 

Ferroatlántica Sichuan Silicon Plant 

Grupo FerroAtlántica, S.L. 

Icelandic Silicon Corporation Plant 

Globe Specialty Metals (85%) and Tomhawk 
Development (15%) 

Bratsk Ferroalloy Plant 

Mechel OAO 

Chelyabinsk Electrometallurgical Integrated 
Plant 


—. China 


Zambia 


China 


Iceland 


Russia 


Do. 


ferroalloys plant expansion 1,000,000 


new ferrosilicon aluminum 
smelter plant 


new ferroalloys plant 


silicon plant expansion 


new silicon smelter 


ferroalloys plant expansion 


do. 


NA 


NA 


50,000 


NA 


34,800 


300,000 


2,000,000 Без). 


45,000 ЕебіАІ. 


80,000  FeSi. 


100,000 Si. 
40,000 FeSi. 

122,000 Do. 

500,000 ° Do. 


Chelyabinsk Group 
2013 Do. Yurga Plant ferroalloys plant expansion 70,000 150,000 Do. 


JSC Kuznetsk Ferroalloys 
See footnotes at end of table. 
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TABLE 9—Continued 
SILICON MATERIALS: PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 2014" ^^ 


*Estimated. Do., do. Ditto. МА Not available. 


Estimated data are rounded to no more than three significant digits. 
Excludes silicon metal containing more than 99.99% silicon. 
| Projects in feasibility or later stages of development in 2010. Actual startup dates may be postponed, owing to economic or other factors. 
“Әлді Additional projects might produce silicon materials by 2014, but not enough information was available to include them. 
№ *No projects were scheduled for startup in 2014. 
= *FeSi Ferrosilicon. FeSiAl Ferrosiliconaluminum. Si Silicon metal (containing 99.99% or less Si). 
$JSC joint-stock company. 
"Plant also scheduled to produce ferromanganese and silicomanganese. Plant may also produce ferronickel. 
FS 
Sources: Company annual reports, presentations, and press releases; unpublished personal communications; and trade publications. 
ў 
FS 
| 
Do. 
ў 
| 
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SILVER 
By William E. Brooks 


Domestic survey data and tables were prepared by Jesse J. Inestroza, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


In 2010, the United States produced 1,280 metric tons (t) of 
silver, which was slightly more than the 2009 domestic silver 
production, and accounted for approximately 6% of world 
mine production of 23,100 t of silver. Silver was produced in 
11 States in 2010, and Alaska remained the country's leading 
silver-producing State, followed by Nevada and Idaho. 
Approximately 99% of domestic silver was produced from 
base-metal ores at 11 mines and from precious-metal ores at 14 
mines. 

The Handy & Harman price of silver averaged $20.20 per troy 
ounce in 2010, a 3796 increase compared with the 2009 average 
price of $14.69 (table 1). The price of silver peaked at $30.64 
per troy ounce on December 31, but was still below the high 
price of $50.35 per troy ounce in 1980. Increased use of silver 
for industrial applications and investor interest in silver owing 
to financial instability worldwide and the relatively low price of 
silver compared with that of gold were important factors in the 
increased silver price. 

Traditional use categories for silver included coin and 
medal fabrication; industrial applications, including electrical 
and electronics components; jewelry and silverware; and 
photography. In 2010, the global use of silver for photographic 
applications continued to decline and the use of silver for 
Jewelry and silverware increased slightly. The use of silver in 
electronics and industrial applications increased in 2010 owing 
to silver's biocidal and conductive properties. Silver is used in 
electronics applications, including flat-screen televisions and 
radio-frequency identification devices (RFIDs), which are used 
In barcodes, some high-denomination casino chips, passports, 
and speedpasses. Nanosilver (silver particles in the range of | to 
100 nanometers) was widely used in food packaging, medical 
applications, and textiles. Global minting of bullion coins 
increased in 2010 owing to the surge in investment-related coin 
purchases; especially in the United States and Europe. The U.S. 
Mint led the way with a 2196 increase to 1,300 t of silver used in 
2010 from 1,100 t in 2009, and the global use of silver for coin 
and medal fabrication increased to 3,150 t in 2010 from 2,460 t 
in 2009 (Silver Institute, The, 2011, p. 23). 
| U.S. imports for consumption of refined silver in 2010 
Increased by 5896 compared with those in 2009. U.S. exports 
of silver bullion increased to 523 t in 2010 compared with 167 
t exported in 2009. In 2010, Mexico was the leading source 
of imported refined silver into the United States, followed 
by Canada, the United Kingdom, and Poland. Mexico was 
the leading destination for exported silver, followed by 
Canada, Australia, and Germany. In 2010, silver was mined 
In approximately 65 countries; global production was slightly 
higher than that in 2009, and Mexico was the leading producer, 
followed by Peru, China, and Australia. The United States 
ranked seventh in world silver mine production in 2010. 
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Legislation and Government Programs 


On September 30, 2010, the amount and value of Deep 
Storage and Working Stock custodial silver reserves in the 
U.S. Mint were 498,000 kilograms (kg) of silver with a total 
market value of $353 million at $22.07 per fine troy ounce and 
a statutory value of $20.7 million. As custodian, the U.S. Mint 
is responsible for safeguarding much of the Nation's gold and 
silver. In accordance with 31 U.S. Code section 5117 (b) and 
31 U.S. Code section 5116 (b) (2), a statutory rate of no less 
than $1.292929292 per fine troy ounce was used to value the 
custodial silver held by the U.S. Mint (U.S. Mint, 2011, p. 59). 
The U.S. Mint's six facilities are in Denver, CO; Fort Knox, 
КУ; Philadelphia, PA; San Francisco, CA; Washington, DC; and 
West Point, NY. 


Production 


Domestic mine production data was solicited from 36 
operations. Of these operations, 33 responded to the U.S. 
Geological Survey (USGS) canvass, representing 10094 of U.S. 
mine production listed in table 1. Domestic mine production of 
silver totaled 1,280 t in 2010, which was slightly more than that 
in 2009. 

Silver in the United States was mainly produced as a 
byproduct from gold and base-metal ores, although silver was 
produced as a principal product at Coeur d’Alene Mines Corp.'s 
(Coeur d'Alene, ID) Rochester Mine, near Winnemucca, in 
northwestern Nevada. Coeur announced preparations to mine 
new ore zones at Rochester that were expected to extend mine 
life by 6 years and produce an average of 78 metric tons per 
year (Coeur d'Alene Mines Corp., 2010b). However, silver 
production decreased at the Rochester Mine by 7%, to 63 t in 
"E from 68 t in 2009 (Coeur d’Alene Mines Corp., 2011 
p. 7). | 

Increased silver prices in 2010 generated increased mining 
interest. For example, in the Silver Valley, ID, United Mining 
Group (ОМС) (Vancouver, British Columbia, Canada) 
announced that at its Crescent silver mine, it was completing 
a new portal and rehabilitating sections of the Hooper tunnel 
which was expected to provide access to the south vein (U nited 
ae Group, 2010b). The company completed a claims 
purcnase agreement to increase its contiguous | ings i 
the Silver Valley (United Mining (бор 20104). конуы 
Мїпе had been closed more than a dozen years ago when the 
price of silver was $5 per troy ounce (Cui and Matthews, 2010 

Silver production at Kennecott Utah Copper Corp. ’s (a : 
subsidiary of Rio Tinto plc, London, United Kingdom) Binel 
Canyon Mine in Utah decreased by 2394 owing to a 20% din 
decrease in silver grade (Silver Institute, The, 201] 25) A 
Teck Resources Ltd.'s (Vancouver) Red Dog Mine in A 
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silver production decreased by 1596 owing to the impact of 
lower grades and recoveries, a direct result of processing 
weathered ore from the Aqqaluk deposit (Silver Institute, The, 
2011, p. 25). However, Teck's silver production from all its 
mines rose by 23%, and Teck provided the gold, silver, and 
copper, which included recycled metals reclaimed from e-waste, 
that were used to produce the medals awarded at the 2010 
Winter Olympic Games (Teck Resources, Ltd., 2011, p. 16). 

In 2010, Hecla Mining Co. (Coeur 4’ Alene, ID) produced 
silver from two mines, the Lucky Friday Mine in Idaho and the 
Greens Creek Mine in Alaska, which was the world's eighth 
leading silver mine. Production at Lucky Friday decreased by 
5% in 2010 compared with that of 2009, and production at 
Greens Creek Mine decreased slightly compared with that of 
2009 (Hecla Mining Co., 2011). 0.5. Silver Corp. (Toronto, 
Ontario, Canada) produced 71 t of silver in 2010, a 596 decrease 
compared with 2009 silver production of 75 t. The company 
indicated that the decrease was owing to mining of lower grade 
ore (U.S. Silver Corp., 2011). 

New Jersey Mining Co. (Kellogg, ID) started shipping ore 
from its Silver Strand Mine, in the Silver Valley, ID, in May 
and began processing the ore in June (New Jersey Mining Co., 
2010b). The company also announced a joint venture with | 
Marathon Gold Corp. (Toronto), which resulted in the formation 
of Golden Chest LLC (New Jersey Mining Co., 2010a). New 
Jersey also planned to expand its flotation mill in Kellogg, ID, 
in order to process silver ore from the nearby Crescent Mine, 
which was owned by UMG, as well as ore from the New 
Jersey's mine. New Jersey had an agreement with UMG in 
which UMG would pay $2.3 million in costs and process 10,000 
metric tons per month of silver ore (New Jersey Mining Co., 


2011). 


Revett Minerals Inc. (Spokane Valley, WA) announced 


that a 950-meter (m) ramp, which was initiated in February 
2010 and provided access to the *C-Bed" area of its Troy 
Mine, in northwestern Montana, had been completed on time 
and on budget. Limited output from the C-Bed area began in 
September, and more ore was included in the production mix 
at the beginning of the fourth quarter. Approximately 60 t of 
silver was in the C-Bed reserves (Кеуей Minerals 106, 20 n 
The company announced record mill throughput of 1.3 million 
metric tons of ore in 2010 and production of 31 tof silver, an 
11% decrease compared with 35t of silver produced in 2009. : 
Silver recovery Was lower than that in 2009 owing to continue 
exploration of I-Bed targets beneath and adjacent to the existing 
'ne. which temporarily reduced production. The mine life of 
= as extended by 7 years (Revett Minerals Inc., 2011). 
"Ln Montana Tunnels Mine, west of Jefferson City, MT, has 
oduced gold, lead, silver, and zinc. The mine was purchased 
E Elkhorn Goldfields LLC (Denver, CO) from Apollo Gold 
A (Denver CO) in February 2010, and Montana Tunnels 
vid Inc became a 100%-owned subsidiary of Elkhorn 
22-1 The plan of operations for the L-Pit at the mine was 
— 4 December 2008, and stockpiled ore was milled 
on gue 2009 at which time all mine operations were placed 
until A maintenance status (Elkhorn Goldfields LLC, 
on = 


2010). 


Consumption 


Domestic consumption of silver increased by 14% and 
fabrication demand increased by 13% in 2010 compared with 
that of 2009; however, this was somewhat less than the overall 
21% increase in the global consumption of silver during the 
same period (Silver Institute, The, 2011, p. 52). 

Coin and Medal Fabrication.—Approximately 1,300 t of 
silver was used for coins and medals in the United States in 
2010, a 21% increase from the 1,100 t of silver used in 2009 
(Silver Institute, The, 2011, p. 23). The United States was the 
leading coin fabricator, and Silver Eagle bullion coin sales rose 
by 19% in 2010. Rationing of Eagle coin sales in the first three 
quarters of 2010 increased demand for Australia's Коокабита, 
Koala, and Lunar coins; Austria's Philharmoniker coin; and 
Canada's Maple Leaf coin (Silver Institute, The, 2011, р. 23). 
The use of silver in circulating coins has been mostly phased 
out. 

Industrial Applications.—Approximately 3,570 t of silver 
was used in the United States in 2010 for industrial applications 
а 19% increase from the 3,000 t of silver that was used for 
those applications in 2009 (Silver Institute, The, 2011, p. 54). 
Owing to silver's electrical- and thermal-conducting properties, 
silver was used in conductors, contacts, fuses, switches, and 
timers. Other industrial applications of silver included uses 
in conductive adhesives; in the preparation of thick-film, 
silver-palladium pastes for use as silkscreen circuit paths in 
multilayer ceramic capacitors; in the manufacture of membrane 
switches; in food packaging; in flat-screen televisions with 
plasma display panels; in silver-backed solar mirrors; as a film 
in electrically heated automobile windows; in smart cards; and 
in photovoltaic cells. Silver consumption for photovoltaic cell 
increased to 1,500 t in 2010, an increase of 72% compared 
with consumption of 870 t in 2009. There аге two types of 
photovoltaic cells—thick- and thin-film. Thick-film technology 
is silver intensive using 0.15 to 0.25 gram per cell, whereas 
silver use in thin-film cells is negligible. The leading solar-cel 
markets, in terms of installations, are in Germany and Italy 
(Silver Institute, The, 2011, p. 62). Solar markets are booming 
in the United States owing to consumer demand, rising energy 
prices, and financial incentives. More than 107,000 new solar 
cooling, electric, and heating installations were completed in 
2009, an increase of 18% compared to the number of systems 
installed in 2008 and California remains the largest market n 
the United States (Sherwood, 2010). A small amount of silver 
was used as a miniature antenna in RFIDs, or radio frequency 
identification devices. 

In 2010, other industrial qe | 

e in batteries, bearings, brazing and $0 m 
аана: mirrors, printed electronics, and water желі 
Silver is also used as а coating material for corn ли В 
digital video disks. Dental amalgam, though in deg А e 
because of its mercury content, may contain 34% to n 
(Lawrence, 1995). Owing to silver's antibacteria рр al 
silver was also used in classroom notebooks Oe, Si 
amalgam, laundry machines, shoes, and is EUN. ш 
embedded in locker room surfaces Was use 
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infections, and silver-based disinfectants have been introduced 
as a low-cost, environmentally sensitive option for use in care 
centers and food processing facilities. 

Jewelry and Silverware.—In 2010, the U.S. demand for 
silver for jewelry and silverware was 400 t, an 11% increase 
compared with the 360 t used in 2009. World consumption of 
silver for jewelry and silverware increased slightly, to 6,760 t in 
2010, from 6,750 t in 2009. Jewelry and silverware accounted 
for approximately 33% of fabrication demand a decade ago, 
however, this category now accounts for 25% of fabrication 
demand (Silver Institute, The, 2011, p. 68). 

In 2010, the rise in gold prices caused Jewelers to reduce the 
amount of gold in their products, in some cases using silver as a 
substitute. Other alternatives to gold in jewelry include cobalt, 
platinum, and tungsten (Pleven and Zimmerman, 2010). 

Photography.—Silver was one of the essential materials 
used in the manufacture of films and photographic papers, 
and Eastman Kodak Co. (Rochester, NY) purchased silver 
from numerous suppliers. The decline in the use of silver 
for photography began in 2000 in response to digital camera 
technology and the decline in the production of color film and 
paper. Total net sales from Kodak's Film, Photofinishing, and 
Entertainment Group declined by 22%, to $1.8 billion in 2010 
from $2.3 billion in 2009 (Eastman Kodak Co., 2011, p. 26). 
Domestic use of silver for photographic use declined by 1496 
to 630 t in 2010 from 730 t in 2009, and had declined by 71% 

compared with 2,180 t of silver used in 2000 (Silver Institute, 
The, 2011, p. 64). 

The overall decline in silver use in the photographic industry 
was reflected in film sales. In 2010, 547 million rolls of 
silver-bearing film were sold globally, compared with 751 
million rolis sold in 2009, a 27% decrease. World silver-bearing 
photographic paper consumption declined by 12%, to 850 
million square meters in 2010 from 961 million square meters 
in 2009 (Silver Institute, The, 2011, p. 64). Other broad 
photographic-use categories included commercial photography, 
dental and industrial x rays, graphic arts, and medical x rays. 


Prices and Stocks 


In 2010, compilation of price data from Handy & Harman, 
and published in Platts Metals Week, indicated that the average 
price of silver was $20.20 per troy ounce (table 1). This price 
was 37% higher than the 2009 average price of $14.69 as 
Indicated by Handy & Harman. On December 31, the price of 
silver listed by Handy & Harman peaked at $30.64 per troy 
ounce. 

Global silver inventories in various Exchange Traded Funds 
(ETF) including iShares Silver Trust, ETF Securities, and other 
ETFs increased by 25%, to approximately 18,120 t at yearend 
2010, compared with 14,540 t at yearend 2009 (Silver Institute, 
The, 2011, p. 100). 

Global X Funds (New York, NY) opened its Global X Silver 
Miners Exchange Traded Fund, the only ETF in the world 
targeting silver mining companies. This ETF is focused on 
the performance of companies involved in silver exploration, 
mining, and refining and began trading on April 20 (Global X 
Funds, 2010b). In its first 2 weeks, Global X traded nearly 1 
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million shares and raised $35 million in assets (Global X Funds, 
20102). | 

In 2010, а five-member commission began investigations 
into allegations of price manipulation in the silver futures 
market in 2008. In October, at a hearing in Washington, DC, a 
commissioner of the Commodity Futures Trading Commission 
(CFTC) indicated that they had determined that there had 
been violations of the Commodity Exchange Act as well as 
repeated attempts to influence silver prices; the commissioner 
indicated that any violators would be prosecuted. The CFTC 
commissioner spoke at a hearing on the implementation of the 
Dodd-Frank Wall Street Reform and Consumer Protection Act, 
which became law in July (Loder and Nguyen, 2010). 


Foreign Trade 


U.S. imports of refined silver increased by 5896, to 5,680 t in 
2010 from 3,590 t in 2009. Exports of refined silver increased 
by 200% to 714 t in 2010 from 356 t in 2009. In 2010, principal 
import sources of silver ores and concentrates, ash and residues, 
bullion, and dore were Mexico (2,580 t), Canada (1,590 t), 
and the United Kingdom (454 t) (table 6). Principal export 
destinations in 2010 were Mexico (220 t), Canada (105 t), and 
Australia (97 t) (table 4). 


World Review 


World mine production of silver was 23,100 t in 2010, a 594 
increase from the revised 22,000 t of silver produced in 2009 
(table 8). In Mexico, the world's leading silver-producing 
country in 2010, silver production increased by 2494, to 4,4111 
іп 2010 from 3,554 t in 2009. Silver production decreased in 
Peru (676) and in China (2196), the world's second and third 
ranked silver producers, respectively. Regionally, in 2010, silver 
production increased in Oceania (mainly Australia) by 14%, to 
1,880 t from 1,650 t in 2009 and in Africa by 11%, to 432 t from 
390 t in 2009. According to data compiled by the Silver Institute 
(2011, p. 99), silver produced from primary silver mines 
increased by 5%, to 6,950 t in 2010 from 6,600 t in 2009; silver 
produced from gold mining decreased by 4%: silver produced 
from copper mining decreased by 3%; and silver supplied from 
lead/zinc mining increased by 5%, 

Argentina.—Pan American Silver Corp. (Vancouver), the 
world’s second leading primary silver producer, reported a 4% 
increase in silver production, to 123 t in 2010 from 118 tin 
2009 at its Manantial Espejo Mine, in Santa Cruz. At Manantial 
Espejo, silver was produced at a cash cost of $1.63 per troy 
ounce. The company also completed an assessment for its 
2. Navidad silver project, which contained 2,100 t of 
measure j i uc 
кы and indicated reserves (Pan American Silver Corp., 

Australia. —Silver production increased by 14% to 1.864 t i 
2010 in from an 11-year low of 1,635 t in 2009. BHP Billito 5 
Cannington Mine became the world's leading producer of н 
silver as a principal product in 2010. Output at Cannington 
boosted by an 11% increase in head grade and a return to n Бы 
production levels following heavy rainfall and flooding that T 
affected mine output in the first quarter of 2009 (Silver Institute 


The, 2011, p. 29). 
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Bolivia. —Silver production decreased by 4% to 1,259 t 
in 2010 from 1,326 t in 2009 owing to production decreases 
at several operations (Silver Institute, The, 2011, p. 26). At 
Coeur d'Alene Mines Corp.'s San Bartolome Mine, production 
decreased by 9% to 210 t in 2010 from 230 t in 2009 (Coeur 
d'Alene Mines Corp., 2011, р. 11). Coeur also began mining 
silver-rich gravels which are above the 4,400 m level at San 
Bartolome (Coeur d'Alene Mines Corp., 20102). Pan American 
Silver reported proven and probable reserves of 650 t of silver at 
its San Vincente Mine, and silver production increased by 15% 
to 94 t in 2010 from 82 t in 2009 (Pan American Silver, 2011a, 
b). Owing to a strike in August, production at Sumitomo Corp.'s 
(Tokyo, Japan) Minera San Cristobal S.A. Mine, in the Potosi 
District of southwestern Bolivia, decreased by 16% (Silver 
Institute, The, 2011, p. 28). 

China.—Silver production from China, the world's third 
leading silver producer, increased by 21% to 3,500 t in 2010 
from 2,900 t in 2009 (table 8). However, other information 
indicates that production may have increased by only 11% to 
3,085 t in 2010 from 2,770 t in 2009 (Silver Institute, The, 2011, 
p. 24). Silver was produced mainly as a byproduct from copper 
or lead and zinc mining. Silvercorp Metals Inc. (Vancouver), 
the leading silver producer in China, has several silver-lead- 
zinc properties, projects, and mines in China and one property 
in northern British Columbia, Canada. The company produced 
1,660 t of silver through the third quarter (December 31, 2010), 
an increase of 2596 from production in the same period in 2009 
(Silvercorp Metals, Inc., 2011). | | 

Mexico.—In 2010, Mexico was the world's leading producer 
of silver, and silver production increased by 24% to 4,410 t 
from 3,550 t in 2009 (table 8). Fresnillo plc's (London, United 
Kingdom) namesake mine, in Zacatecas, was the second leading 
producer of silver after BHP Billiton's Cannington Mine in 
Australia (Silver Institute, The, 2011). Total Fresnillo silver | 
production increased slightly to 1,310 t in 2010 from 1,280 tin 
2009, mainly from the Fresnillo Mine in Zacatecas. (Fresnillo 
plc, 2011, p. 17). The Fresnillo Mine has produced silver for 
more than 450 years and mineralization 15 hosted in epithermal 
veins that were emplaced 29 to 30 million years ago ina 
Jurassic-Late Cretaceous volcaniclastic sequence (Velador and 
others, 2010). Coeur d'Alene Mines! Palmarejo Mine began 
production of gold and silver in the second quarter of 2009. 
Production at Palmarejo increased by 8996 to 180 t in 2010 from 
95 t in 2009 (Coeur d'Alene Mines Corp., 201 l, p. 8). | 

Peru.—Peru was the world's second ranked silver producer in 
2010. Three Peruvian mines, in order of decreasing production, 
Hochchild Mining's Pallancanta Mine, Сотрата де Minas 
Buenaventura's Uchucchacua Mine, and Hochchild 5 Arcata 

e among the 10 leading silver mines 1n the world (Silver 
Mine, : i 2011, p. 24, 99). Peru's Ministry of Energy 
n re - orted that Peru was the world leader in silver 
a a reserves of more than 120,000 t of silver (Kosich, 
A Un ег. in 2010, overall production in Peru decreased 
ш RP t in 2010 from 3,854 t in 2009 (table 8). At Pan 
by 6% to 222. Huraron Mine, production decreased by 
шене апу Могососһа Mine, production decreased 
16%; at the сотр Quiruvilca Mine, production 


А he company's 
pd Miseni The overall Pan American decrease in 2010 
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was largely a result of lower silver grades, lower throughput, 
and lower recovery. In 2002, Pan American acquired the 
silver-rich pyrite stockpiles near Cerro de Pasco, and the ore 
had been shipped to the La Oroya smelter, where the ore was 
used as a process flux, and the silver was recovered. There was 
no silver production from Pan American's pyrite stockpiles 

in 2010, however, owing to closure of the La Oroya smelter, 
which had been the only buyer of this material (Pan American 
Silver, 2011a, р. 33). Production at Hochschild Mining ріс% 
(London, United Kingdom) Pallancanta Mine increased by 19% 
to 310 t in 2010 from 260 t in 2009; however, production at 
the company's Arcata Mine decreased Бу 17% to 250 t in 2010 
from 300 t in 2009, and production at the company's Ares Mine 
decreased by 1496 to 24 t in 2010 from 28 t in 2009 (Hochchild 
Mining plc, 2011, p. 161). The decrease in the company's 
production was owing to geotechnical problems and a reduction 
in grades to extend mine life (Silver Institute, The, 2011, p. 27). 
Production also decreased at Сотрата Minas Buenaventura's 
(Lima, Peru) Uchucchacua Mine, the world's sixth leading 
silver mine, by 12% to 290 t in 2010 from 330 t in 2009 owing 
to a worker strike and lower silver grades and recoveries (Silver 
Institute, The, 2011, p. 27, 99). 


Outlook 


World silver consumption increased by 1594 to 32,900 t in 
2010 from 28,700 t in 2009 (Silver Institute, The, 2011, p. 79) 
and investor interest in silver was overridden by the industrial 
demand for silver. The photovoltaic industry has emerged 454 
significant industrial-use sector for silver and was expected to 
become an even more substantial user of silver in the future. 
The use of silver in photographic application continues {0 
decrease; however, this decrease has begun to level off as 
silver-containing paper was still used for high-quality paper 
prints from digital sources. 

The use of RFIDs for tracking stocks and shipments, 
including silver-base high-data-capacity tags, readers, and 
computer systems, was expected to increase. Silver oxide | 
batteries and conductive inks were increasingly being used in 
the electronics field. Owing to its antibacterial qualities, silver 
was expected to see increased use in medical applications. 
Nanoparticle silver is also expected to see increased use In | 
industrial applications, and antimicrobial silver gre i | 
expected to be used in keyboards, paper, pens, and telep d d 
Silver-based biocides were expected to be increasingly ше iy 
indicate a new generation of safe and environmentally НЕ 
uses of silver for the control of bacterial, viral, and funga "T 
infections, on hard surfaces and in water systems, and а$ di 
preservative. ETF inventories continued to increase “ж 
year and indicated continued investor interest. o 
increased owing to new projects in Argentina anv т" 
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TABLE 1 


SALIENT SILVER STATISTICS! 


2006 2007 2008 2009 2010 
United States: 
Mine production: 
Quantity == п 1,160 1,280 1,250 1,250 1,280 
__ Value № | $431,000 _ $554,000 $600,000 $588000 _ 45900 
Refinery production: | M CIS 
Domestic and foreign ores and concentrates metric tons 2,210 79] 779 796 819 
Scrap (old and new) do. 1,110 1,130 1,210 1,340 1,340 
Exports: 
Ore and concentrate kilograms 3,150 15,800 130,000 122,000 82,100 
Refined? do. 1,670,000 781,000 555,000 356,000 714,000 
Waste and scrap metric tons 2,240 238 2,570 2,480 3,160 
Imports for consumption: 
Ore and concentrate kilograms -- 381 32 87 3,230 
Refined do. 4,830,000 4,980,000 4,680,000 3,590,000 5,680,000 
Waste and scrap do. 2,240,000 3,420,000 5,190,000 4,760,000 6,510,000 
Stocks, December 31: 
Industry metric tons 600 ' 570 ' 570 ' 570! 570 
Futures exchanges do. 3,460 ' 4,120 ' 3,980 ' 3,480 ' 3,260 
U.S. Department of the Treasury do. 220 220 220 220 220 
Price, average? dollars per troy ounce 11.57" 13.41" 15.00 ' 14.69 20.20 
Employment, mine and mill workers" 900 900 900 850 850 
World, mine production metric tons 20,100" 20,800" 21,400 " 22,000" 23,100 
"Revised. do. Ditto. -- Zero. 
!Data are rounded to no more than three significant digits, except prices. 
"Includes refined bullion, dore, and other unwrought silver. 
эрсе data are the annual Handy & Harman quotations published in Platts Metals Week. E 
^Employment data are from the U.S. Department of Labor, Mine Safety and Health Administration. 
TABLE 2 
MINE PRODUCTION OF SILVER IN THE UNITED STATES, BY STATE! 
(Kilograms) 
Шш в 2008 2009 2010 
RENE... = = 
оте _____ n тее 1,280,000 
“тш аме е ымыз 
| to no more than three significant digits; may not add to totals shown. 
Зет 2. California, Colorado, Idaho, Missouri, Montana, New Mexico, South Dakota, and Utah. 
| YEARBOOK- 
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TABLE 3 
LEADING SILVER-PRODUCING MINES IN THE UNITED STATES IN 2010, IN ORDER OF OUTPUT! 


| ____Кед ов Northwest Arctic, AK —— Teck Alaska Ine, ем (| 
2 Greens Creek Juneau, AK . HecaMiningCo  ?ісзмегое ______ 
3 Bingham Canyon Salt Lake, UT — — Kennecott Utah Copper Сор. 7 Copper-molybdenum ore. | - 
а E р Бе ша. a cin) cM M RE Ба. 
6 Mission Complex Pima, AZ ASARCO LLC’ Copper-molybdenum ore. 
7 Rochester Pershing, NV Coeur d'Alene Mines Corp. Silver ore. 
ГЕН Midas Elko, NV Newmont Mining Corp. Gold ore. 
9 Troy Lincoln, MT Revett Minerals Inc. Copper-silver ore. 
10 Bagdad Yavapai, AZ Freeport-McMoRan Copper & Gold Inc. Copper-molybdenum ore. 
11 Hollister Elko, NV Great Basin Gold Ltd. Gold ore. 
12 Continental Pit Silver Bow, MT Montana Resources Copper-molybdenum ore. 
13 Smoky Valley Common Nye, NV Kinross Gold Corp. Gold ore. 
Operation 
4 _ Mineral Park Mohave, AZ — Mercator Minerals Ltd. Copper-molybdenum ore. 
15 Denton-Rawhide .. Mineral, NV Rawhide Acquisition Holdings Gold ore. 
16 Carlin Mines Operations? Elko, Eureka, Humboldt, Newmont Mining Corp. Do. 
КӨРМЕУІ Lander, NV 
17 Hycroft Humboldt and Pershing, NV Allied Nevada Gold Corp. Do. 
18 Ray Pinal, AZ ASARCO LLC Copper ore. 
19 Wharf Lawrence, SD Wharf Resources Inc. Gold ore. 
20 Goldstrike | |22 ElkoandEurka,NV Barrick Gold Cop. | | | ро), 
2l Morenci Greenlee, AZ Freeport-McMoRan Copper & Gold Inc. Copper-molybdenum ore, 
22 Cresson Teller, CO AngloGold Ashanti Ltd. Gold ore. 
23 Brushy Creek — Reynolds, MO Doe Run Resources Corp. Lead ore. 
24 Fletcher | 90. do. Do. 
25 Meikle BN Elko, NV Barrick Gold Corp. Gold ore. 
do., Do. Ditto. 
‘The mines on this list accounted for more than 99% of U.S. mine production in 2010. 
„wholly owned subsidiary of Grupo Mexico, S.A.B. de C.V. 
‚Кш Carlin East, Deep Post, Gold Quarry, Lone Tree, Mule Canyon, Pete, Rain/Emigrant, and Twin Creeks Mines. 
Wholly owned subsidiary of Goldcorp Inc. 
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TABLE 8 
SILVER: WORLD MINE PRODUCTION, BY COUNTRY"? 


(Metric tons) 

2 Ойшу _ à à à à 206 27 208 2009 20. 
Algeria (3) (3) (3) (3) б) 
Argentina —— —— 245 256 356 415! 420 ¢ 
Armenia eee 40" 37! 40° 53! "68 
Australia 0050000 1,727 1,879 1,926 1,635 1,864 
Bolivia 472 525 1,114 1,326 ' 1,259 
Brazil" 30 36 36 ' 35! 35? 
Bulgaria" 65 55 55 55 55 
Burma 1 (3) Ба (3) m 
Canada 995 860 728 631' 596? 
Chile 1,607 1,936 ' 1,405 1,301 1276 
China" 2,600 2,700 2,800 2,900 3,500 
Colombia 8 10 9 11: 15 | 
Congo (Kinshasa) о 68 76 34 - г 
Ecuador (3) (3) (3) (3) ° (3) 
с-з чл зы зана oe DR BEN ї Г е 
Ethiopia ЕНЕР КЕНЕН l І 3 | 1 2 
Finland 50 50 70 70 70 
РЇП у м ысу osse a е ыы 

Р 1 1 1 1 - 
Етапсе ------- : т 
С и | Bh i e 30 
еее EE RE | 88 100 128 130* 
Guatemala ~ д, | 2 
Honduras 55 54! 60° 49 4 
ЕЕЕ 31 82 96 95 9 
о ke 261 269 226 215 200 
о nae 25 20' 15! 15! 20 
аз MM sg 45 4 4 4 4 

e 
oa (3) (3) (3) (3) 
eee pee ee ЧЫГЫ 11 5 2 2 
Japan 46 618: 551 
КАЙЫШЕ скока pu P ps 20 20 
Korea, МОЙ ———— — 2 ] 1 T 2 Ы 
Korea, Republic of — —.— — —— (3) (3) (3) (3) (3) 
a 2,970 3,135 3,236 3,554 p 
ЛШ 20 20 € 207 207 
Mongo h Банкноттар 195 5 195 190 195 195 
ЕЕС 315 30 30 30 . : 
оны І и, 4 М 
С 0) @) G) 6) | 
bei uo эл rM ee Г 5 г 
Papua New Guinea Е. d li : 3,640 
E СТЕ: 3,471 3,494 3,686 3,854 H 
D CA RSEN 24 28 14 34° 

ere 

m 1,266 1,199 1,161 1,207 ' m 
Aem | 20 24 29: 227 г 
ay ОЛЕННИН 18 18 18 18 

‚ е 
ога 974° 911" 1,132 € 1,313' ne. 
RUSE ae БЫ ge 9 8 10 * 9 
Зета | 19 
South Аса — — 2. И р < К 
=P ain ____- | | ш p 5 г (з)' |“ 
Sudan’ ____----- DD SN 8: » Bes 265 * 270° 
Sweden -----: р 3 
Tajikistan" 3° ааб ee 
Tajikistan? M 
See footnotes at end of table. 
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TABLE 8— Continued 
SILVER: WORLD MINE PRODUCTION, BY COUNTRY” 


(Metric tons) 
+ | Country 2006 2007 2008 2009 2010 _ 
" Tanzania mu 15 12 10 8 | 9 | 
s Turkey 167 198 294 ' 352 350 

је United States 1,160 1,280 1,250 1,250 1,280 
NE Uzbekistan 62! 78! 75! 53: 59 

s | Zimbabwe" 2. I? 1" (3)! (3) 7 КЕСЕКТІ И 

Total 20,100 * 20,800 ' 21,400 ` 22,000 ' _ 23,100 |Д 

5 "Estimated. PPreliminary. 'Revised. -- Zero. | 

0 World totals, U.S. data, and estimated data have been rounded to no more than three significant digits; may not add to totals shown. 

i | ?Recoverable content of ores and concentrates produced unless otherwise specified. Table includes data available through August 19, 2011. 

Ji , "Less than М unit. 

. ‘Includes the following quantities, in kilograms, identified as secondary silver: 2006—39,000; 2007—32,000; 2008—32,500 (revised); 2009—32,500 

| (revised); and 2010— 32,500 (estimated). 

E "Reported figure. 

p “Includes production from imported ores. 
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SLAG—IRON AND STEEL 
By Hendrik G. van Oss 


Sales of iron and steel slag in the United States in 2010 totaled 
about 15.7 million metric tons (Mt), up by about 26% from total 
sales in 2009 (table 1). The value of slag sales increased by 13% 
to $266 million overall. 

Iron and steel slags are formed by the addition of slagging 
agents and fluxes (chiefly limestone or dolomite and silica 
sand) to blast furnaces and steel furnaces to strip impurities 
from iron ore, steel scrap, and other ferrous feeds. The slag is a 
silicate melt that floats on top of the molten crude iron or steel 
and is tapped from the furnace separately from the liquid metal. 
After being cooled by various means to solid form, the slag is 
processed and may then be sold and (or) returned to the furnace. 
Most forms of processed slag have much lower unit values 
than do iron and steel (metal) and, for this reason, iron and 
steel companies generally contract with outside slag-processing 
companies to cool the slag and to remove it. Although the 
financial arrangements vary, typically the processing company 
receives the slag for free, crushes it to various marketable sizes, 
uses screens and magnetic separators to recover entrained metal 
from the slag (metal to be returned to the furnace for a low 
charge), sells the slag on the open market, and pays a small 
percentage of the net slag sales revenues or profits to the iron or 
steel company. Slag can be returned to the furnaces for use as 
flux and as a supplemental source of iron, but despite having a 
value, this return flow is not always included in the tonnages of 
slag reported as sold. 

А listing of slag processors, processing sites, and the iron 
and stee] companies serviced is provided in table 4. Apparent 
duplication at some sites is because processing contracts 
may have been transferred to other companies during the 
year, and it is common for integrated iron and steel plants to 
have processing and (or) marketing contracts with different 
companies for different slag types produced at the plant. In 
some cases, the slag is cooled by one company but is then 
further processed and (or) marketed by another company or at 
another site. 


Legislation and Government Programs 


Consumption of slag for construction is influenced by Federal 
and State programs that affect construction spending levels, 
encourage the use of “alternative” materials, and that may affect 
the availability of competing “alternative” or natural materials. 
Slags are considered to be “sustainable” raw materials mainly 
because they can substitute directly or indirectly for virgin 
raw materials (for example, for natural stone aggregates in 
concrete and for natural raw materials in cement manufacture), 
or, in the specific case of ground granulated blast furnace slag 
(GGBFS), can partially substitute for clinker in finished cement 
or for portland cement in concrete. With respect to clinker 
manufacture, substitution of slags for natural raw materials can 
reduce the unit consumption of fuel and limestone in the kiln, 
which then reduces the overall and unit emissions of certain 
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pollutants, most notably carbon dioxide. Use of granulated blast 
furnace slag [GGBFS, or unground (GBFS)] in the finish mill 
allows more finished cement to be made from the same amount 
of clinker. 

In September 2010, following the release of a proposed ruling 
in May 2009, the U.S. Environmental Protection Agency (EPA) 
issued a final rule, within the National Emissions Standards 
for Hazardous Air Pollutants (NESHAP), for the U.S. cement 
industry (U.S. Environmental Protection Agency, 2009; 

2010). The NESHAP sets very low limits for cement plant 
emissions of mercury, total hydrocarbons, hydrochloric acid, 
and particulates, and has the potential, through the closure of 
plants unable to meet the new limits, to reduce the supply of 
domestically produced cement on the U.S. market. Although 
imports of cement would probably make up for some of the 
reductions in domestic cement supply, the NESHAP has the 
potential to increase demand for alternative or supplementary 
cementitious materials (SCM) such as GGBFS and fly ash. Also, 
the NESHAP likely would make fly ash (typically relatively 
high in mercury) unattractive as an alternative raw material for 
clinker manufacture and thus might increase demand for slag for 
this purpose. The EPA continued to evaluate the reclassification 
of coal combustion byproducts, including fly ash, as hazardous 
waste for landfill disposal purposes (but not for beneficial 

use purposes). Were even a limited designation as hazardous 
waste to stigmatize fly ash, construction market demand for 
this material might fall significantly. It remained unclear if the 
supply of GGBFS and other SCM would be adequate to fill 

the fly ash void, and this availability issue might work against 
efforts to promote increased use of these materials. 


Production 


Data on annual production of slag are generally unavailable 
because the amount of slag tapped is not routinely measured: 
also, not all of the slag formed is tapped during a heat. However 
U.S. and world production of ferrous slags can be broadly | 
estimated based on typical slag to metal production ratios 
which in turn are related to the chemistry of the ferrous feeds 
to the furnaces. For typical iron ore grades (6096 to 66% iron) 

a blast furnace normally will produce about 0.25 to 0.30 metric 
tons (t) of slag per metric ton of crude or pig iron produced 

For ores of lower than average grade, the slag output will be 
higher, in some cases as much as 1.0 to 1.2 t of slag per ton of 
crude iron. Steel furnaces typically produce about 0.2 t of sla 
per ton of crude steel, but up to 50% of this slag is entrained | 
metal, most of which would be expected to be recovered durin 
slag processing and to be returned to the furnace. The amount i 


. marketable steel slag remaining after entrained metal removal 


is thus usually equivalent to about 10% to 15% of the crude 
steel output. Using these ratios and data for U.S. and world i 
and steel production from the American Iron and Steel шшш. 
(2010, p. 121—126), U.S. blast furnace slag production in 2010 
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was estimated to be in the range of about 7 to 8 Mt, and world 
output, 260 to 310 Mt. Similarly, U.S. output of steel slag 

(after metal removal) in 2010 was estimated to be 8 to 12 Mt, 
and world output, 140 to 210 Mt. Apparent production of slag 
commonly will differ from the sales of slag (table 1) because of 
a combination of undocumented returns of slag to the furnaces, 
stockpiling of slag by the processors, and sales from stockpiles; 
the latter include old slag banks from iron and steel plants 
long-since closed. 

The uses for ferrous slag are determined mainly by how the 
slag is cooled. Marketed blast furnace slags are of three main 
types—air-cooled, granulated, and pelletized (or expanded). 
Air-cooled blast furnace slag is formed by allowing the molten 
slag to cool relatively slowly under ambient conditions; final 
cooling can be accelerated with a water spray. Although it can 
have a vesicular texture with closed pores, the air-cooled slag is 
hard and dense and is especially suitable for use as construction 
aggregates. Formation of GBFS is by quenching molten slag 
in water to form sand-sized particles of glass. The disordered 
structure of this glass gives the material inherent moderate 
hydraulic cementitious properties when the slag is very finely 
ground (GGBFS), and the cementitious properties become 
strong if the material accesses free lime during hydration. 

In concrete containing a proportion of GGBFS, hydration 
of portland cement releases the lime needed to fully activate 
the slag. Concretes incorporating GGBFS generally develop 
strength more slowly than concretes that contain only portland 
cement but can have similar or even superior long-term strength, 
release less heat during hydration, have reduced permeability, 
and generally exhibit improved resistance to chemical attack. 
Pelletized or expanded slag is cooled through a water Jet, 
which leads to rapid steam generation and the development 
of innumerable vesicles within the slag. The vesicles reduce 
the overall density of the slag and allows for good mechanical 
binding with hydraulic cement paste. This slag type 1s most 
commonly used as a lightweight aggregate, but if very finely 
an have cementitious properties similar to those of 
ast furnace slag (generally air-cooled) also can be 
made into mineral wool. For this purpose, slag is remelted and 
then poured through an air stream or jet of steam or other gas to 
produce a spray of molten droplets; alternatively, the droplets 
can be formed by passing the melt through a perforated or fast 
spinning disc. The droplets elongate into long fibers that are 
collected and layered, and this material is suitable for use as 
insulation. 
и slag is cooled similarly to air-cooled blast 
furnace slag, has similar properties to it, and is used for some 
of the same purposes. Steel slags containing large amounts of 
dicalcium silicate are prone to expansion and commonly are 
cured in piles for several months to allow for the expansion and 


for leaching out of lime. 


ground, it С 
GGBFS. Bl 


Consumption 


Data in this report are from an annual U.S. Geological Survey 
ocessors and importers and pertain 


(USGS) canvass of slag pr 
produced or 


to sales of processed slag, not the amount of slag 
sed during the year. Processed slag is sold from stockpiles 


proces ess 
hough most of the material is a byproduct of current or 


and alt 
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recent iron and steel output or is of imported material, some 
slag sales are of material mined from old slag piles (slag 
banks) produced by iron and steel plants now closed. In 2010, 
canvasses were sent to 24 companies, covering 138 processing 
and (or) importation sites, and at least partial data (some as 
consolidated responses) were received for 132 sites; the reported 
data accounted for slightly more than 98% of the total iron and 
steel slag tonnage in table 1. In 2009, canvasses were sent to 
22 companies, covering 137 sites, and at least partial data were 
received for 130 sites, accounting for slightly more than 96% 
of the gross tonnage listed for the year. Because of the wide 
range in the level detail in the data reported to the USGS, and 
the need to estimate activities of survey nonrespondents, the 
data in table 1 have been heavily rounded. For both years, data 
on pelletized blast furnace slag have been withheld to avoid 
disclosing company proprietary data, but the quantities sold 
were very small. Sales data for granulated slag in both years 
exclude material sold by importers who as yet do not take part 
in the USGS canvass. 

Sales data for slag exclude much of the ferrous slag retumed 
to the furnaces, although more respondents provided data on this 
flow in 2010 than in previous years. The sales data also exclude 
the free metal recovered from the slag. Total slag sales increased 
by almost 26% in 2010 (table 1), owing significantly to improved 
slag availability resulting from a return to service of a number 
of previously idle iron and steel furnaces during the year. This 
appears to have been especially true for steel slag, but the 44% 
increase in sales tonnage noted in table 1 partially reflects the 
increased reporting, as sales, of slag returns to the furnaces. Аз 
in 2009, more than 80% of slag sales in 2010 were of air-cooled 
blast furnace slag and of steel slag. Both of these slag types are 
used as aggregates in general construction. However, because 
their market areas tend to be somewhat restricted geographically 
relative to natural construction materials, and because sales 
commonly are based upon long-term contracts, trends in slag 
consumption commonly differ, at least in terms of relative 
percentage changes, from sales trends for competing materials, 
and for cement. For example, total crushed stone sales in 2010 
were unchanged from those in 2009, sand and gravel sales were 
down by 6%, and cement sales (which are a useful proxy for 
concrete sales) declined slightly (0.4%). 

As noted above, air-cooled blast furnace and steel furnace 
slags are used primarily for a variety of aggregate applications 
(table 3). Because of potential expansion problems, steel slag 
finds little use in applications requiring maintenance of a fixe 
volume (for example, concrete). Both slag types also are used 
as a raw material for cement (clinker) manufacture (the slag 
contributes several major oxides), but steel slag has proven ge 
be especially suitable for this use. Differences evident in table 
among the usage breakout percentages for these two slag types 
continue to be difficult to evaluate because the data incorpora 
estimates and much of the plant-level data reported in Че 
years have revealed only the dominant use(s) for the "i 
thus the less common uses are likely understated. For "e 
although the percentage decline in the use of air-cooled $ i 
ready-mixed concrete is in some agreement with the i | 
decline т concrete sales in 2010, the magnitude of the dec ae 
for slag is questionable given the large increase In the prop? 
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of sales reported for miscellaneous or unspecified uses. Steel 
slag sales in 2010 appear to show significant declines in use 

for road construction and paving, but an increase in use for 

fill purposes. For the other usage categories in table 3, the 
differences for the 2 years shown do not appear to be significant. 

Notwithstanding higher sales volumes, unit prices for air- 
cooled and steel slags were substantially unchanged in 2010 
(tables 1, 2); the base data contain estimates and few breakout 
details and thus small changes are likely to be of no statistical 
significance. Because of generally low unit sales values, slag 
sold for aggregate generally cannot be economically transported 
over long distances, particularly overland. Thus, the major 
factors affecting the sales volumes and prices of these two 
slag types are dominated by local competition from natural 
aggregates, the overall level of construction activity (particularly 
that for roads), and the existence of long-term supply contracts. 
Air-cooled and steel furnace slags sold for uses other than 
aggregates can command higher prices than slags sold as 
aggregates. Pelletized slag (not revealed in tables 1—3) can sell 
for prices well above those for air-cooled slag. 

Sales of GBFS in 2010 increased by 1896 to 2.6 Mt. Although 
this represented just 1796 of total slag sales, GBFS has a 
comparatively high unit value (table 2) and accounted for 
70% of total slag sales value and 84% of total blast furnace 
slag sales value (table 1). Actual sales of GBFS in some years 
have been higher than those shown in table 1 because of some 
imports being missed by the USGS canvass; however, it is 
unclear if this was the case in 2009-10. About 92% of total 
reported GBFS sales in 2009—10 were of GGBFS and the rest 
was unground material. The high unit sales value of GBFS 
reflects the dominant use of GGBFS as a partial substitute for 
portland cement in blended cements and in concrete. Despite 
its relatively high unit price, GGBFS has in most years sold at 
a 20% to 25% discount to portland cement. The discount was 
about 17% in 2010, however, owing to a significant decline in 
the price of portland cement. Overall sales of GBFS and GGBFS 
for cementitious uses totaled 2.5 Mt in 2010, up by 19%. А 
small fraction of the unground GBFS on the market has been 
sourced from old slag piles and lacks cementitious character as a 
result of weathering; this material still has use as a fine grained 
aggregate in concrete, but sells for much lower prices than those 
Indicated for the cementitious material in table 2. 

The USGS slag survey does not distinguish between GBFS 
sold directly to cement companies and that sold directly to 
concrete companies, but data from recent USGS cement surveys 
Indicate that cement producers consume only about 1596 of the 
total granulated slag sold, including that used to make blended 
cement and that used as a grinding aid to make portland cement. 
Sales in the United States of GGBFS under the designation “slag 
cement" are promoted by the Slag Cement Association (SCA), 
whose members account for much of the country's GGBFS 
output. The SCA reported sales by its members of 2.0 Mt of 
GGBFS in 2010, a decline of 2.5% (Slag Cement Association, 
unpub. data, September 2011). 
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Foreign Trade 


Actual ferrous slag imports are almost entirely of GBFS 
or GGBFS, but the data within the appropriate tariff code 
commonly contain entries that, because of unreasonably 
high or low unit dollar values, are likely either slags of other 
metallurgical industries or are unrelated materials entirely 
(such as silica fume, cenospheres from fly ash, other industrial 
residues, or metal concentrates). For example, data from the 
U.S. Census Bureau list imports of granulated slag totaling 
about 1.38 Mt in 2010, up by about 796 from levels in 2009, 
but the 2010 total includes 0.03 Mt of imports from Italy at a 
listed average cost-insurance-freight (c.i.f) valuation of $251.85 
per metric ton and 0.24 Mt of material from South Africa at 
$354.36 per ton—these values, if accurate, appear to be too high 
to be GGBFS. Accordingly, the true tonnage of granulated slag 
imports is unclear. Taken as listed by the Census Bureau, the 
leading import sources of GBFS tonnages in 2010 were Japan 
(41%), Canada (29%), South Africa (1896), and France (6%). 
Comparison of the Census Bureau import data for slag with 
data from the United Business Media Ltd.'s Port Import Export 
Reporting Service (PIERS) has generally revealed higher totals 
for PIERS in recent years, suggesting that the Census Bureau 
data were incomplete. In 2010, the PIERS total was 1.46 Mt. 


Outlook 


F uture slag demand will reflect trends in overall construction 
spending, especially for public sector projects; it is expected that 
it will take some years for slag sales to return to the levels of 
about 20 Mt per year experienced during the boom construction 
years of 2004 through 2006. Slag sales are expected to benefit 
from Government programs to promote the use of recovered 
mineral components in public sector construction projects 
but may not be able to capture a large share of this market 
because of limited slag availability. The declining number of 
operating blast furnaces in the United States makes the future 
supply of air-cooled blast furnace slag highly vulnerable to 
even temporary closure of integrated iron and steel complexes 
such as were experienced in 2009. Stee] slag supplied from | 
basic oxygen furnaces is also vulnerable to closures but sla 
availability from electric arc furnaces is more assured An ° 
increasing constraint on steel slag availability for Gonstüeffon 
projects 15 a recent tendency for steel plants to retain more sla 
for return to the furnaces at times of high prices for iron ore id 
scrap. In terms of actual sales volumes, however, the effect " 
of these increased returns to the furnace are hard to quanti | 
because of the tendency of slag processors to stockpile nud 
as to be able to bid on large projects. Slags are useful alt co 
raw materials for clinker production, and such use can uc 
a cement plant's fuel consumption and overall emissi dips 
carbon dioxide. Availability of sufficient Slag near c nid 
will continue to be a major determinant of demand қ ment plants 
purpose, as will the slag's chemical suitability. io 
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The cement and concrete industries have increasingly 
accepted GGBFS as a cementitious component and this should 
ensure a steady or growing market share for this slag type. 

The supply of GBFS from domestic blast furnaces, however, 
will remain severely constrained by the fact that granulation 
cooling is currently installed at only four blast furnaces in the 
United States. Installation of granulators at other blast furnaces 


is possible but unlikely; it is expensive and would depend upon : 


the perception of the specific furnace's future viability, and not 
all blast furnaces produce a slag that is chemically suitable for 
GGBFS. Thus, increases in GGBFS sales will likely depend on 
the availability of imported GGBFS or GGBFS ground from 
imported granules. 

Current proposed changes in environmental rules governing 
the manufacture of portland cement and the characterization of 
fly ash have the potential of increasing the demand for slag as an 
alternative raw material for clinker manufacture and as an SCM. 
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TABLE 1 
IRON AND STEEL SLAG SOLD OR USED IN THE UNITED STATES 


(Million metric tons and million dollars) 


NENNEN LL 


2009 2010 


Blast furnace slag’ Steel Total iron Blast furnace slag! Steel Total iron | 
Air-cooled Granulated Total furnace slag and steel slag? Air-cooled Granulated Total furnace slag and steel sig 
| = 
речи ае: MN 4.6 2:2 6.8 5.7 12.5 4.9 2.6 1.5 82 ~ 
m à 33 172 205 30 235 37 186 222 44 1 
Value 
5. | rietary data. The quantities are very small (about 0.1 unit or less). 
lexcludes expanded (pelletized) slag to protect company prop | гу . 
?Data may not add to totals shown because of independent rounding. 
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TABLE 2 
SELLING PRICES FOR IRON AND STEEL SLAG IN THE UNITED STATES! 


(Dollars per metric ton) 


nrc кын ыыр на ы сасы шыш мышы: 
2010 


2009 
Slag type Range Average Range Average 
Blast furnace slag: 
Air-cooled | 3.31- 19.84 7.35 3.34 – 18.40 7.48 
Granulated" 20.00 — 100.00 81.37 16.53 — 102.69 74.51 
Steel furnace slag 0.19 — 14.66 5.28 0.02 — 24.25 5.37 


!Data contain a large component of estimates, and some respondents provide values 
only on their total sales of a slag type, not value by type of use. Thus, the value ranges 


shown are likely too restrictive. 

? values are for material reported for use as a cementitious additive in cement or concrete 
manufacture. Material at or near the low end of the range was sold in unground form. 

Sales other than for cementitious use were generally at unit values below the ranges shown. 


TABLE 3 
SALES OF FERROUS SLAGS IN THE UNITED STATES, BY USE! 


(Percentage of total tons sold) 


uU 2009 2010 
m Blast furnace slag? Steel Blast furnace slag? Steel 
Use Air-cooled Granulated slag Air-cooled Granulated slag 
Ready-mixed concrete 16.4 ° -- -- 13.4 22 E 
Concrete products 4.0 € -- = 4.3 -- РЕ 
Asphaltic concrete 16.3 ' -- ва | 16 з ш 31 
Road bases and surfaces 39.6 € 41! 59.3! 37.6 4.4 42.8 
ЕШ 91! -- 12.6" 4.7 = 32.5 
Cementitious material -- 94.6 € -- ut 95.1 m 
Clinker raw material 1.1 € 0.9 т 23° 0.4 (3) 2.5 
Miscellaneous" 12.1! 04! 0.5 12.0 0.5 0.2 
Other or unspecified” 1.4 = 17.2! 10.0 = 18.8 


'Revised. -- Zero. 
! A number of respondents provide breakouts that represent only the dominant use(s) of their slag; accordingly, the 


minor use categories are likely underreported. The data also incorporate some estimates and thus should be viewed 
as accurate to no more than two significant figures. 

?Excludes expanded or pelletized slag; this material is generally sold as a lightweight aggregate. 

*Less than 0.1%. 

"Reported as used for railroad ballast, roofing, mineral wool, or soil conditioner. 

‘Including return to furnaces (likely underreported) and other uses. 
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Sopa ASH 


By Dennis S. Kostick 


Domestic survey data and tables were prepared by Martha L. Jackson, statistical assistant, and the world production table 


was prepared by Lisa D. Miller, international data coordinator. 


The U.S. soda ash industry began to rebound in 2010 after 
experiencing a decline in domestic and export sales caused 
by adverse global economic conditions in 2009 in the major 
soda ash-consuming sectors. Although the annual average unit 
value of soda ash fell in 2010, soda ash production and exports 
increased. The total value of U.S. soda ash production was $1.36 
billion (table 1). 

Soda ash, also known as sodium carbonate (Na,CO,), is an 
alkali chemical refined from the mineral trona or naturally 
occurring sodium-carbonate-bearing brines (the soda ash from 
both is referred to as natural soda ash) or manufactured from 
one of several chemical processes (the soda ash from this 
process is referred to as synthetic soda ash). 

Soda ash is an important industrial compound used to 
manufacture chemicals, glass, pulp and paper, soaps and 
detergents, and many other familiar consumer products. The 
United States has the world's largest natural deposit of trona 
and is the world's second ranked soda ash-producing nation. 
U.S. natural soda ash is extremely competitive in world markets 
because the majority of the world output of soda ash is made 
synthetically, which is usually a more expensive process. 


Production 


Soda ash production and inventory data were collected by the 
U.S. Geological Survey (USGS) from monthly, quarterly, and 
annual voluntary surveys of the U.S. soda ash industry. A survey 
request was sent to each of the five soda ash companies, all of 
which responded, representing 100% of the total production data 
in this report (table 1). 

The United States remained the world’s second ranked soda 
ash-producing nation in 2010. After more than a century of 
the United States leading in the world’s production of soda 
ash, China overtook the United States in 2003, and it appeared 
that China would continue to be the world’s leader for the. 
foreseeable future. U.S. production of natural soda ash from 
California and Wyoming was 10.6 million metric tons (Mt) in 
2010. Based on about 14.5 million metric tons per year (Mt/yr) 
(16 million short tons per year) of total nameplate production 
capacity, the U.S. soda ash industry operated at 73% of total 
capacity. This capacity utilization rate appears to be low because 
it is calculated partially based on the full nameplate capacity 
of 900,000 metric tons per year (t/yr) (1 million short tons 
per year) for Solvay Chemicals, Inc.’s Parachute, CO, plant; 
816,000 t/yr (900,000 short tons per year) for OCI Chemical 
Corp.’s plant; and 726,000 t/yr (800,000 short tons per year) for 
FMC Corp.’s Granger plant, some of which included nameplate 
capacity idled since 2009. 

Approximately 2.45 Mt/yr of nameplate capacity (2.70 million 
short tons per year), which represented about 17% of total 
industry nameplate capacity, was idled in 2010. This available 
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capacity could be brought back online when market conditions 
improve. The U.S. soda ash industry used the term “effective 
capacity” to minimize the effect that “mothballed capacity” had 
on operating rates. This resulted in higher capacity utilization 
percentages. Individual effective capacity data are not publicly 
disclosed. Producers use nameplate capacities to determine 
export allocations set by a U.S. export association, the American 
Natural Soda Ash Corp. (ANSAC). 

The U.S. soda ash industry consisted of five companies 
in 2010—four companies operating five plants in Wyoming 
that produced soda ash from underground trona ore and one 
in California that produced soda ash from sodium-carbonate- 
rich brines. Solvay operated a plant in Wyoming and a plant 
in Colorado, which was mothballed in September 2004 but 
continued sodium bicarbonate production using soda ash 
feedstock from the company’s Wyoming soda ash facility. 

Each of the U.S. companies is either wholly owned or 
partially owned by foreign soda ash-producing companies or 
foreign soda ash consumers. The U.S. soda ash industry was 
62% foreign owned and 38% domestically owned. At yearend, 
the countries and percentage ownership were India, 3494; 
Belgium, 31%; Japan, 18%; and the Republic of Korea, 17% 
(table 2). 


Consumption 


The USGS collects soda ash consumption data by end use 
on a quarterly basis from the marketing and sales departments 
of each company. Every effort has been made to categorize 
company sales within the correct end-use sector. Quarterly 
reports are often revised in subsequent quarters because of 
customer reclassifications or other factors. All U.S. soda ash 
companies responded to the quarterly surveys; data represented 
100% of the total reported consumption data found in this 
report. 

In 2010, U.S. apparent consumption and reported 
consumption were virtually identical. Apparent consumption 
of soda ash was 5.20 Mt; reported consumption was 5.27 Mt 
(table 1). Reported consumption and apparent consumption 
do not necessarily correspond because reported consumption 
is sales reported by producers, whereas apparent consumption 
is the calculated quantity available for domestic consumption 
based on balancing supply (production, imports, and invento 
adjustments) with external demand (exports). У 

When the two types of consumption do not closely 
correspond, the difference is usually attributed to a discre 
in the export data that were used to derive consumption S" 
statistics. The two sources for export data were the U S.C 
Bureau, which reports exports upon departure from U S с 
and the California and Wyoming soda ash producers о 
consider shipments to be exported when their export association 
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ANSAC, takes consignment of the product at the Wyoming 
plant sites. Transit times between the plant and port, which can 
be about 2 to 3 weeks before the cargo is actually exported, 
and carryover export inventories contribute to the discrepancy 
between reported and apparent consumption as well. 

In the domestic market, large-volume buyers of soda ash 
were primarily the major glass container manufacturers whose 
purchases were seasonal (more beverage containers are made 
in the second and third quarters for summertime beverage 
consumption). Soda ash sales to the flat glass sector depended 
more on the state of the economy because the leading uses 
of flat glass were in automobile manufacture and residential 
housing and commercial building construction. These two major 
industrial sectors are especially sensitive to changing economic 
conditions, and soda ash sales follow trends in the two sectors. 
The distribution of soda ash by end use in 2010 was glass, 48%; 
chemicals, 2996; soap and detergents, 1096; distributors, 576; 
flue gas desulfurization, 4%; other uses and pulp and paper, 2% 
each; and water treatment, less than 176 (table 3). 

Chemicals.—Soda ash is used to manufacture many 
sodium-base inorganic chemicals, including sodium bicarbonate, 
sodium chromates, sodium phosphates, and sodium silicates. 

Glass. —Glass manufacture represented about 4896 of 
domestic soda ash consumption as follows: container, 5196; 
flat, 3896; fiber, 696, and other, 5%. Glass containers are made 
for beverages (beer, carbonated, and noncarbonated drinks), 
chemical and household products, food, liquor, medical 
products, and toiletries and cosmetics. | 

Soaps and Detergents.—Detergents were the third ranked 
use of soda ash. Soda ash was used as a builder to emulsify 
to reduce the redeposition of dirt during washing 
and rinsing, to provide alkalinity for cleaning, and to soften | 
laundry water. In addition, soda ash was a component of sodium 
tripolyphosphate (STPF), another major builder in detergent 
formulations. Soda ash consumption has been decreasing | 
because phosphatic detergents can contribute to eutrophication, 
which is an environmental concern. Many regions of the Nanon 
dopted phosphate limitations or bans, affecting about 40% 


oil stains, 


have a 


of the U.S. population. 
In response to the environmental concern that cardboard 


detergent packaging contributes to the volume of landfill waste, 
detergent manufacturers changed formulations to make compact 
and superconcentrated products. These reformulations required 
sodium silicates and synthetic zeolites, which are made from 
soda ash. Liquid detergents, which do not contain any soda am, 
competed with powdered detergents and commanded about 5076 


of the household laundry detergent market in 2010. 


Stocks 

Yearend 2010 stocks of dense soda ash in domestic plant 
warehouses, and on teamtracks amounted to 
220,000 metric tons (t). Producers indicated that a potential 
supply problem could exist if inventories fell below 180,000 t. 
Most consumers of soda ash did not have the storage facilities 
to accommodate large quantities of soda ash and had to rely on 
suppliers to provide the material on a timely basis. 


silos, terminals, 
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Prices 


The annual average value in 2010 for bulk, dense natural 
soda ash, free on board (f.o.b.) Green River, WY, and Searles 
Valley, CA, was $128.39 per metric ton ($116.47 per short ton), 
which was a 1096 decrease from the record high of $143.17 
per ton ($129.88 per short ton) set in 2009. Part of the price 
decrease was because export prices in 2010 declined. The value 
is not a “price,” but rather the value of the combined revenue 
of California and Wyoming bulk, dense soda ash sold on an 
f.o.b. plant basis at list, spot, or discount prices, on long-term 
contracts, and for export, divided by the quantity of soda ash 
sold. Only merchant soda ash is used to derive the annual , 
value; therefore, no soda ash for value-added products or soda 
liquors is included. The list prices quoted in trade journals or by 
producers differed from the annual average values reported to 
and by the USGS. 

In May, FMC announced a soda ash price increase of $10 
per short ton effective July 1, 2010, or as contracts allowed for 
all grades of soda ash. The company stated the increase was 
necessary to “recover cost increases and to support continued 
investment in the business." The new list price for bulk, dense 
soda ash was $260 per short ton (FMC Corp., 20102). 

In September, FMC again announced another $10 per short 
ton rise effective November 1, 2010, or as contracts permit, for 
all grades of soda ash (FMC Corp., 2010b). 

General Chemical (Soda Ash) Partners raised its list price of 
soda ash on September 7, effective immediately or as contract 
terms permit, by $10 per short ton to $260 per short ton 
(General Chemical Industrial Products, 2010). 


Foreign Trade 


The majority of U.S. soda ash exports were controlled by 
ANSAC, which is involved exclusively in the export trade 
of soda ash, defined as an alkali product designated by the 
chemical formula Na,CO,, whether manufactured by brine 
evaporation and purification, Solvay process, trona refining, oF 
any other means. Under the Treaty of Rome agreement ( 1958), 
ANSAC is not permitted to ship soda ash to the European Union 
(EU); however, the members of the U.S. soda ash industry 
formed another organization for shipping to this region. It ts 
the American-European Soda Ash Shipping Association, Inc. 
(AESSA) that is engaged solely in storage, transportation, 
and other related logistical and technical support activities 
to promote and further its members’ individual so a 
soda ash being shipped to the EU. Both ANSAC and E Hi 
were formed as Webb-Pomerene export associations under 
authority of the U.S. Federal Trade Commission. | 

In August, ANSAC announced it would raise Be - 
ash for export by $30 per metric ton on a worldw! Е Foe 
effective October 1, 2010. The action was a ea 
demand for soda ash around the world (ANSAC, 

According to the U.S. Census Bureau, 
for 2010 were 5.39 Mt, which represented abo ke 
soda ash production. For comparison, АД e 26% in 1990 
only 5% of U.S. production п 1970, 13% In 2 ао 
and 38% т 2000. In 2010, the regional percentas 
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of U.S. exports to 56 countries, was South America, 28%; 
Asia, 2796; North America, 2096; Europe, 1196; Africa, 6%; 
the Middle East, 496; Oceania, 2%; Central America, 196; and 
the Caribbean, negligible (table 5). The average free alongside 
ship value was $164.38 per metric ton in 2010 compared with 
$190.02 per ton in 2009. Although the data in tables 1 and 6 
are rounded to three significant digits, the unit values listed in 
table 6 are based on the unrounded statistics. The 10 leading 
countries, representing 67% of total U.S. soda ash exports, in 
decreasing order and percentage of total were Mexico, 17%; 
Brazil, 1396; Indonesia, 9%; Canada, 5%; Chile, 5%; Taiwan, 
5%; Venezuela, 596; Japan, 496; Republic of Korea, 4%; and 
Belgium, 396 (table 6). About 43% of all U.S. soda ash exports 
went through the Columbia-Snake River customs district in 
Idaho, Oregon, and Washington, the Port Arthur, TX, customs 
district was the second-ranked customs district with 3196 of the 
total, and the Laredo, TX, customs district was third with 1296 
of the total (table 5). 

Imports of soda ash increased to 19,700 t in 2010 and came 
from 13 countries according to U.S. Census Bureau data. In 
2010, 88% of soda ash imports were from: Turkey (51%); 
China (1896); the United Kingdom (1096); and Mexico (9%). 
The remaining 1296 of imports was from Belgium, Canada, 
the Dominican Republic, Germany, Hong Kong, India, Italy, 
Japan, and Romania. The Dominican Republic and Hong Kong 
were listed as sources; however, both countries do not produce 
soda ash. It is possible that the entry was erroneous or that the 
product was transshipped from another location. The average 
cost, insurance, and freight value of imported soda ash was 
$292.53 per ton, and the customs value was $249.64 per ton. 


World Review 


Soda ash is a mature commodity in which consumption tends 
to increase in proportion to population and gross domestic 
product growth rates. For this reason, the leading consumers of 
soda ash were, for the most part, developed nations with lower 
growth rates compared with those of developing countries. The 
developing nations tend to use less soda ash than developed 
nations but have higher growth rates. Although the production 
and consumption quantities varied among the countries, the 
end-use patterns were basically the same: glass, chemicals, and 
detergents were the major sectors. 

In 2010, world soda ash production was estimated to be 
47.5 Mt, which was a 7% increase from that of 2009. Of the 29 
countries that produce natural and synthetic soda ash, the United 
States was the world's second-ranked producer, accounting for 
22% of total world output. Only Botswana, China, Ethiopia, 
Kenya, Turkey, and the United States produce soda ash from 
natural sources; the remaining 23 nations manufacture soda 
ash through various chemical processes, primarily the Solvay 
process. Total world natural soda ash production represented 
about 26% of combined world soda ash production. 

Eight countries produced more than | Mt/yr of soda ash. 
They were, in descending order, China, the United States, 
Russia, India, Turkey, Germany, Poland, and France (table 7). 
Bulgaria, Romania, and Ukraine had production installations 
that were rated at about 1 Mt/yr; adverse economic conditions, 
however, caused these nations to produce below their facilities" 
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design capacities. The five top total soda ash-producing nations 
accounted for 7996 of world production in 2010. 

India.—The Government decided to reimpose an import 
duty on soda ash imports from China to reduce imports of less 
expensive soda ash and to protect its domestic industry. India 
imposed a 20% duty on imports of soda ash in April 2009 as 
recommended by India’s Directorate General of Safeguards, 
which was part of the country’s finance ministry. The extension 
of the import duty was expected to be contested by India’s 
detergent and glass industries, which have higher raw material 
and production costs (Industrial Minerals, 2010). 

Saudi Arabia.—Plans were announced in late December 
for the construction of the first synthetic soda ash plant to be 
constructed in Jubail II Industrial City, Saudi Arabia. IDEA 
International Co. planned to build a plant that would produce 
500,000 t of soda ash and 575,000 t of calcium chloride 
annually. About 51 hectares of land had already been acquired 
for the facility (O’Driscoll, 2010). 


Outlook 


The country economies that began to turn down in 2008 
that affected soda ash-consuming industries throughout 
2009, began to slowly recover in 2010. This decrease in soda 
ash consumption had caused domestic and foreign soda ash 
producers to reduce soda ash production. However, glass 
container and flat glass production began to increase, which 
stimulated world soda ash production and consumption. Three 
dominant groups have survived to become the world leaders 
in soda ash—Solvay S.A. of Belgium, ANSAC of the United 
States (which represented three of the five domestic producers 
in 2010), and Chinese producers. India has emerged recently 
as a major leader in world soda ash production as well and will 
probably compete in the export markets with the other groups. 
The new natural soda ash facility in Turkey that came onstream 
in 2009 may double capacity by 2012 to serve markets in the 
Middle East and northern Africa. This could result in additional 
competition in that region for U.S. soda ash producers. 

With the start of the recovery in the U.S. economy, U.S. soda 
ash production for 2012 through 2014 is expected to increase 
Global economic problems are expected to ease slowly in the 
next 2 years to stimulate domestic soda ash production and 
export sales. The United States likely will continue to compete 
with Chinese soda ash producers in the Far Eastern markets 
U.S. soda ash exports in 2011 may increase, causing domestic 
soda ash production to increase slightly. Increases in world 
consumption are forecast to range from 2.0% to 199 
for 2012 through 2014. Asia and South America = 
likeliest areas for increased soda ash consumption in th 
E e near 
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TABLE | 
SALIENT SODA ASH STATISTICS! 


(Thousand metric tons and thousand dollars except average annual value) 
2006 2007 2008 2009 2010 
United States: | | | таны 


Production: 
Soda ash: 
Quantity 11,000 11,100 11,300 9,310 10,600 
Value 1,170,000 1,260,000 1,520,000 1,330,000 1,360,000 
_ Value, average annual: 
Per short ton $96.64 $103.53 $122.11 $129.88 $116.47 
Per metric ton $106.53 $114.12 $134.60 514317 $128.39 
Wyoming trona 16,700 17,200 17,800 15,100 15,900 
Exports: . 
oa 4,820 5,130 5,370 4,410 _ 5,400. 
Value _ 736,000 734,000 939,000 838,000 886,000 
— Imports for consumption: 
Quantity 222 92213 26 et 
Value. 2,290 2,760 3,820 2,350 23000 
Stocks, December 31, producers 290 206 259 .. .. 217 _ 220 
Consumption: 
Apparent | 6400. _ 6,030 5,860 4,950 — 205 
“Reported ______ 6,110 5.940 5,700 500 5,27 
MD 43,700* 45,900" 46,700"  44300' 147,500 


World, production" 
*Estimated. 'Revised. 
!Data are rounded to no more than three significant digits, except average annual value. 
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TABLE 2 
U.S. PRODUCTION OF SODIUM COMPOUNDS, BY MONTH! 


(Thousand metric tons) 


| 2009 2010 
modiis Wyoming Wyoming 
| Soda ash trona? Soda ash trona? 
c ont January 805 1,160 877 1,530 
February 670 2,020 814 1,260 
tol IP March 739 983 845 1,300 
"m April 670 1,080 876 1,100 
" May 761 1,180 915 1,410 
" June 734 1,140 821 1,350 
ША, July 794 971 874 1.270 
ha, August 827 1.220 948 1,380 
review dic September 814 1,250 844 1,280 
October 812 1,360 918 1,330 
itis November 826 1,340 91] 1,330 

ШЕ December 854 1,380 927 1,4320. 
MS Total 9310 15,00 10,600 15,900 


Data are rounded to no more than three significant digits; may 
not add to totals shown. 


?Includes solution-mined trona. 


TABLE 3 
U.S. PRODUCERS OF SODA ASH IN 2010 


(Million short tons unless otherwise noted) 


eee 
| Plant 


nameplate Source of 
Company capacity Plant location sodium carbonate 
FMC Wyoming Corp.: „ыы = 
Granger 1.30 Granger, WY Underground trona. 
Green River! 3.55 Green River, WY По. 
General Chemical (Soda Ash) Partners” 280 фо. Do. 


OCI Chemical Corp.? 3.10 do. Do. 
Searles Valley Minerals, Inc." 145 Trona, CA Dry lake brine. 


Solvay Chemicals, Inc.:? 
—GrenRivr — — — — 0000000000 2.80 


Green River Green River, WY Underground trona. 
Parachute 1.00 Parachute, CO Underground nahcolite. 
Total 16.00 
dv io "CM E 
14.50 


Total million metric tons 
Do., do. Ditto. == 


'Formed joint venture (2096) in February 1996 with Sumitomo Corp. and Nippon Sheet Glass Co., Ltd., both of Japan. 

24 жыз 

A joint venture between General Chemical Corp. (75%) and Owens-Illinois, Inc. (25%). Tata Chemicals Ltd. of India in Janu 20 

75% share of General Chemical Industrial Products, Inc. ary 2008 purchased the 
Owned by DC Chemical Co., Ltd. of the Republic of Korea (51%) and Anadarko Petroleum Corp. (49%). An 800,000-short-ton expansion 

brought onstream in November 1998 increased plant capacity to 3.1 million short tons per year; however, the company took 900,000 short tons 

per year out of service temporarily for equipment refurbishment. 

“The Operation was sold to Nirma Ltd. of India in November 2007. 

"Solvay Soda Ash Joint Venture is owned by Solvay S.A. of Belgium (80%) and Asahi Glass Co. of Japan (20%). 

“Operation purchased on September 10, 2003, from American Soda L.L.P. Soda ash plant idled indefinitely. 
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70.6 


NAICS? 
code 
3272 
327213 
327211 
327993 
327212 


32518 
325611 
322 
221310 
56221 
422 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


TABLE 4 


REPORTED CONSUMPTION OF SODA ASH IN THE UNITED STATES, BY END USE, BY QUARTER! 


End use 

Glass: 

Container 

Flat 

Fiber 

Other 

Total 

Chemicals 
Soaps and detergents 
Pulp and paper 
Water treatment” 
Flue gas desulfurization 
Distributors 
Other 

Total domestic consumption“ 
Exports” 

Canada 
Total industry sales* 
Total sales from plants 
Total production 


2North American Industry Classification System. 
"Includes soda ash equivalent from soda liquors and purge liquors sold to powerplant for water treatment. Sales of mine water are excluded. 


*Imports reported by the producer/importer have been distributed into appropriate end-use categories listed above. 


* As reported by producers; 


periods. 


(Thousand metric tons) 


2009 


1,320 
800 
141 
111 

2,370 

1,430 
508 
103 

49 
152 
249 
156 

5,020 

4,520 
252 

9,540 

9,450 

9,310 


First 
quarter 


323 
219 


1,290 
1,310 

63 
2,590 
2,610 
2,540 


Second 
quarter 


323 
241 


1,300 
1,350 

54 
2,650 
2,690 
2,610 


2010 
Third 
quarter 


1,360 
1,310 

51 
2,670 
2,720 
2,670 


Fourth 
quarter 


312 
247 


1,330 
1,400 

64 
2,730 
2,770 
2,760 


includes Canada. Data may not necessarily agree with those reported by the U.S. Census Bureau for the same 


SRepresents soda ash from domestic origin (production and inventory changes) and imports and exports. Includes soda ash sold by 
coproducers and distributed by purchasers into appropriate end-use categories. 
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5,270 
5,360 

23] 

10,600 
10,800 
10,600 
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70.7 


70.8 


Country 
Argentina 
Australia 
Bahrain 
Belgium 
Brazil 
Canada 
Chile 
China 
Colombia 
Costa Rica 
Dominican Republic 
Ecuador 
Egypt 
EI Salvador 
France 
Guatemala 
India 
Indonesia 
Italy 
Japan | 
Korea, Republic of 
Lithuania 
Malaysia 
Mexico 
Namibia 
Netherlands 
New Zealand 
Panama 
Peru 
Philippines 
Portugal 
Saudi Arabia 
South Africa 


Spain 
Taiwan 


Thailand 
Tunisia 
United Arab Emirates 


United Kingdom 


Venezuela 


Vietnam 
Other 


Total 
"Revised. -- Zero. 


!Data are rounded to no more than three significant digits, except unit value; may not add to totals shown. 


2Бгее alongside ship value. 


Sourc 


TABLE 6 


U.S. EXPORTS OF SODA ASH, BY COUNTRY! 


Quantity 
(thousand 
metric tons) 
116 
92 


1° 


—M—M——— 


4,410 


2009 


Value? 
(thousands) 
$24,500 
20,200 
36,500 
104,000 
56,700 
41,600 
2,070 
13,800 
7,010 
1,500 
5,430 
605 
1,320 
7,920 
4,150 
660 
41,800 
1,730 
41,200 
25,100 
10,200 
5,990 
171,000 
28,600 
5,010 
2,100 
9,110 
6,250 
7,560 
20,300 
‚ 13,300 
17,300 
25,200 
24,200 
3,760 
11,400 
38,900 
823 


838,000 


еры 


Unit 

value 

$211 
220 


246 
137 
407 ' 


190 — 


Quantity 
(thousand 
metric tons) 

82 


72 

29 

252 

38 
| 
5,400 


Journal of Commerce Port Import-Export Reporting Service and industry sources. 
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2010 

Value? Unit 

(thousands) value 
$13,100 $160 
15,800 182 
168 168 
22,300 128 
113,000 161 
52,400 207 
45,300 167 
19,100 150 
3,640 192 
173 173 
4,160 154 
2,690 107 
1,670 167 
6,080 145 
6,080 174 
1,730 216 
64,100 140 
33,200 145 
35,900 157 
16,700 137 
8,540 174 
175,000 212 
263 132 
18,700 137 
4,920 170 
1,430 179 
9,010 158 
9,070 146 
5,960 122 
15,200 131 
18,100 112 
8,440 138 
39,600 157 
18,800 133 
17,900 120 
11,400 158 
5,350 185 
55,500 220 
5,370 141 
274 274 
886,000 164 


e: U.S. Census Bureau, as adjusted by the U.S. Geological Survey using data and information from the 
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TABLE 7 
SODA ASH: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 
Pru (Thousand metric tons) 
Country? 2006 2007 2008 2009 2010 
иг Argentina 161 4 M x ри c 
| Australia —  —— 310 310 310 310 310 
i Bosnia and Herzegovina 11 11 11 11 1] 
; Botswana? u 250 250 250 250 250 
Brazil 200 200 200 200 200 
| Bulgaria 800 800 800 800 800 
- Chad | 12 12 12 12 12 
| China 15,600 4 17,720 * 18,540 "4 19,350 * 20,290 4 
Egypt 50 50 50 50 50 
Ethiopia’ 4 (8) “ 4 ^* 4" 5 
France 1,000 1,000 1,000 1,000 1,000 
Germany 2,587 "4 2,595 ^^ 2,715 "4 2,291 4 2,539 ^ 
India 1,500 1,500 1,500 1,500 1,500 
Iran 130 140 140 140 140 
Ttaly 500 500 500 500 500 
Japan 400 400 400 400 400 
Kenya’ 374 "4 387 * 513 * 405 4 460 ^ 
Korea, Republic of 310 310 310 310 310 
Mexico 290 290 290 290 290 
Netherlands 400 400 400 400 400 
Pakistan 250 260 250 260 250 
Poland u 1,177 * 1,192 * 1,190 890 1,000 
Portugal 150 150 150 150 150 
Romania 453 453 450 400 450 
Russia 2,00 | 2,900 2,800 2,300 2,400 
Spain 500 500 500 500 500 
Turkey” 891 4 947 * 949 4 1,079 "4 1,500 
Ukraine 700 700 700 700 700 
United Kingdom 900 900 500 500 500 
United States? 11,000 4 11,100 4 11,300 * 9,310 4 10,600 4 
Total 43,700 ' 45,900 ' 46,700 ' 44,300 ' 47,500 


‘Revised. -- Zero. 
World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


"Table includes data available through April 20, 2011. Synthetic unless otherwise specified. 
“In addition to the countries listed, Tanzania may produce soda ash for local consumption; available general information is inadequate 
for the formulation of reliable estimates of output levels. 
“Reported figure. 
*Natural only. 
*Produced for local consumption only. 
"Data for the Ethiopian calendar year ending July 7 of the year listed. 
‘Less than % unit. 
"Production of natural soda ash from Beypazari deposit began in early 2009. 
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STONE, CRUSHED 
By Jason Christopher Willett 


Domestic survey data were prepared by Susan M. Weaver, Denise Nguyen, Glenn W. Walker, and Robert H. Bradley, 


statistical assistants. 


A total 1.16 billion metric tons (Gt) of crushed stone was 
produced for consumption in the United States in 2010, virtually 
unchanged from the total production of 2009 and 35% less than 
the record high of 1.78 Gt in 2006. In 2010, the total value of 
crushed stone produced in the United States was $11.2 billion, 
a slight decrease compared with that of 2009 and 22% less 
than that of 2006 (table 1). The average unit price for crushed 
stone decreased slightly compared with the average unit price 
for 2009 but was 21% higher compared with that of 2006. In 
2010, the crushed stone industry experienced the lowest level of 
crushed stone production for consumption in the United States 
since 1993, with the lowest total value since 2004. 

About 7096 of crushed stone production was limestone and 
dolomite, followed by (in descending order of tonnage) granite, 
traprock, miscellaneous stone, sandstone and quartzite, marble, 
slate, calcareous marl, volcanic cinder and ѕсогіа, and shell (table 2). 

Foreign trade in crushed stone remained relatively small 
compared to nationwide consumption. In 2010, U.S. exports 
decreased by 4% to 1.21 million metric tons (Mt) compared with 
1.26 Mt in 2009, and the value decreased by 11% to $52.1 million, 
compared with $58.3 million in 2009 (tables 1, 17). U.S. imports 
of crushed stone, including calcium carbonate fines, increased by 
1976 to 14.6 Mt, and the value increased by 6% to $185 million 
compared with the 2009 totals (tables 1, 18). Apparent domestic 
consumption of crushed stone, which is defined as production 
for consumption (sold or used) plus recycling and imports minus 
exports, was virtually unchanged compared with that of 2009 
because of the very slight decrease in production for consumption 
of crushed stone in the United States in 2010. 

Stone is one of the most accessible natural resources on Earth 
and one of the fundamental building blocks of society. It has 
been used from the earliest times of civilization in a variety of 
ways that have increased in number and complexity with time 
and technological progress. Today, in its crushed form, stone is 
a major basic raw material for the construction industry, as well 
as agriculture and other industries that use complex chemical 
and metallurgical processes. Despite the relatively low, but 
increasing, unit value of its basic products, the crushed stone 
industry is a major contributor to and an indicator of the economic 
well-being of the Nation. Construction aggregates are defined 
as the combination of crushed stone and construction sand and 
gravel. The construction sand and gravel industry is reviewed 
in а separate chapter, and both mineral commodities are usually 
included in any review of national or State aggregates industry. 


Production 


Domestic production data for crushed stone were derived by 
the U.S. Geological Survey (USGS) from voluntary surveys of 
U.S. producers. In 2010, a total of 1,598 companies produced 
or sold crushed stone from 3,953 operations with 3,897 quarries 
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and 207 sales and (or) distribution sites. Of the 3,953 active 
operations, 2,295 operations reported their production or sales 
to the USGS, and their total production was 843 Mt (7396 of the 
U.S. total). Of the 2,295 reporting operations, 1,199 operations 
did not report a breakdown by end use. Their total production 
was 310 Mt (2796 of the U.S. total) and is included in table 9 
under “Unspecified, reported" uses. | 

Production of the nonresponding quarries was estimated 
by using employment data provided by the Mine Safety and 
Health Administration (MSHA). The estimated output of 1,519 
nonrespondent operations was 314 Mt (27% of the U.S. total) 
and is included in table 9 under “Unspecified, estimated" uses. 

A total of 207 sales yards were active in 2010, and the 
total quantity of crushed stone sold was 40.3 Mt. Information 
regarding the number of active operations, including recycling 
operations, active quarries, type of processing plants, and 
number of sales yards by State is provided in table 16. 

Crushed stone was produced in every State except Delaware. 
Starting with 2005, Delaware's production is included in the 
0.5. total because of sales yards that reported sales of crushed 
stone in the State. The 10 leading producing States were, in 
descending order of tonnage, Texas, Pennsylvania, Missouri, 
Illinois, Kentucky, Ohio, Indiana, Virginia, Georgia, and Florida. 
The combined production of the 10 leading States increased by 
2% and was 594 Mt, more than one-half of the national total. 

There are 93 underground mines included in the total number 
of active operations, and they produced 68.7 Mt of crushed 
stone in 2010. Active underground mines were located in 17 
States. The five leading States were, in descending order of 
tonnage, Kentucky, Missouri, Illinois, Pennsylvania, and Iowa. 
Their combined production was 48.2 Mt (7094 of the total of 
U.S. crushed stone produced underground). 

A total of 1,076 crushed stone operations were either idle 
or presumed to have been idle in 2010 because no production 
report was received, and no employment information was 
available to estimate their production. Since the 2009 survey 
113 operations have closed. Most of the idle or closed | 
operations were small, temporary quarries, some of which were 
operated by State or local governments. Operations in U.S 
territories are not included in the above count. | 

Of the total 1.16 Gt of crushed stone produced for 
consumption in the United States in 2010, 70% was limestone 
and dolomite; 14% was granite; 6% was traprock; 5% was 
miscellaneous stone; and 4% was sandstone and quartzite. The 
remaining 1% was shared, in descending order of tonnage b 
marble, slate, calcareous marl, volcanic cinder and scoria А | 
shell. These percentages were calculated on the total iid 
of crushed stone produced for consumption that was reported 
including individual amounts that were withheld to UE | 
disclosing company proprietary data (table 2). 
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А review of production by size of operation at the national 
level indicates that, in 2010, 455 Mt of crushed stone (39% 
of the total crushed stone) was produced by 275 operations 
reporting production of more than 1 million metric tons per 
year; 294 Mt was produced by 475 operations reporting 
production between 500,000 and 999,999 metric tons per year 
(t/yr); and 356 Mt was produced by 1,512 operations reporting 
production between 100,000 and 499,999 t/yr. Operations that 
produced more than 500,000 t/yr accounted for 6596 of total 
crushed stone produced in the United States in 2010, a slight 
increase compared with that of 2009 (table 5a). By geographic 
region, in 2010, the South had 1,305 active operations, 
followed by the Midwest with 1,080, the West with 797, and the 
Northeast with 582 active operations (table 5b). 

The leading U.S. producing companies in 2010 were, in 
descending order of tonnage, Vulcan Materials Co.; Martin 
Marietta Aggregates; Lehigh Hanson, Inc.; Oldcastle Materials, 
Inc.; Lafarge North America Inc.; CEMEX S.A.B. de C.V.; 
Carmeuse Lime & Stone; Rogers Group, Inc.; Holcim Group/ 
Aggregate Industries Management, Inc.; and New Enterprise 
Stone & Lime Co., Inc. The combined production of the top 
10 companies was 562 Mt (49% of the national total). The 
combined production of the top 100 companies was 914 Mt 
(79% of the national total). 

Merger and acquisition activity in the U.S. construction 
aggregates industry, after the huge acquisitions that took place 
in 2007, slowed to a much lower level and then came to a 
stop in 2009. The lack of activity continued throughout 2009 
as companies focused resources on restructuring debt, raising 
capital, and strengthening core assets (Aggregates Manager, 
2010c). The refocusing of resources had been the common theme 
since mid-2009, but the trend may have begun to change after a 
few quarters in 2010, with increased consumption (Willett, 2011). 

CEMEX S.A.B. de C.V. committed to reducing debt in 
2010 by selling off assets in five States, mostly in the Eastern 
United States. CEMEX announced the sale of seven quarries, 
three salesyards, and one concrete block plant in Kentucky to 
Bluegrass Materials Co., LLC (Aggregates Manager, 20 10b). 
These assets were acquired when CEMEX purchased Rinker 
Group Ltd. in 2007 (Rock Products, 201 0). Later in the year, 
the company sold three quarries m Wyoming plus its remaining 
stake in Granite Canyon Quarry to Martin Marietta 22. 
(Aggregates Manager, 20102). From its joint venture with Ready 


mestone quarries 1 
Tennessee, and Virginia (Aggregates Manager, 2010b). 
Summit Materia 


Is, LLC completed purchases үш; States 
. i se its construction materials usiness. 
during 2010 aged Altaview Concrete, Inc.; B&B Resources, 
и er-Kilgore, LLC to add to its construction 
i S and ready-mix concrete assets in Utah (Summit 
RE 20105). Summit also purchased RK Hall, а - 
Materia Fa aggregates and asphalt producer with operations 
construc 1 Oklahoma, and Texas. Con-Agg of MO, LLC 
in Arkansas, n aggregates and ready-mix concrete company 
(Con-A88). a ouri, was purchased by Summit along with Fischer 
based in e also based in Missouri (Summit Materials, 
се also made purchases in Colorado, Idaho, and 
2010c). 
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Wyoming of Elam Construction, Inc.; Grand Junction Concrete 
Pipe, Inc.; Triple C Concrete, Inc.; and Wind River Materials 
LLC (Summit Materials, 2010a). 

Lafarge North America Inc. and Titan America LLC sold assets 
in 2010. Dolese Bros. Co; Luck Stone Corp.; Martin Marietta; 
Oldcastle Materials, Inc.; and VantaCore Partners LP made 
small acquisitions. Oldcastle Materials completed two small 
acquisitions with the purchase of the construction materials assets 
of A.L. Blades & Sons, Inc. (Hornell, New York) and MÁC 
Construction, Inc. (Virginia) to add on to its asphalt paving and 
construction business (Aggregates Manager, 2010b, 2011). 

Production of crushed stone by type is detailed below. 

Calcareous Marl.—Output of calcareous marl increased 5% 
compared with that of 2009 to 2.7 Mt valued at $21.4 million 
(table 2). 

Dolomite.—Production of dolomite decreased by 5% 
compared with the total for 2009 to 48.9 Mt valued at $470 
million (table 2). Crushed dolomite production was reported 
in 25 States. The leading producing States were, in descending 
order of tonnage, Pennsylvania, Illinois, New York, Michigan 
and Indiana; the total production of these five States was 
36.2 Mt (74% of the U.S. output) (table 6). An additional 
undetermined amount of dolomite is included in the total 
crushed limestone, as explained in the limestone portion of the 
“Production” section. 

Granite.—The output of crushed granite decreased by 3% 
compared with that of 2009 to 157 Mt valued at $1.8 billion 
(table 2). Crushed granite was reported as being produced in 34 
States. The leading producing States were, in descending order 
of tonnage, Georgia, North Carolina, Virginia, South Carolina, 
and California; the total production of these five States was 106 
Mt (67% of the U.S. output) (table 7). | 

Limestone.—The output of crushed limestone, including 
some dolomite, increased slightly compared with that of 2009 
to 756 Mt valued at $6.8 billion (table 2). Limestone production 
was reported in 47 States, and companies in 22 States reported 
producing limestone and dolomite from the same quarries. 
Their production of about 18.8 Mt of limestone and dolomite 
combined is included with the limestone listed in table 2. The 
limestone totals listed in this chapter, therefore, include an 
undetermined amount of dolomite in addition to the dolomite 
reported separately. The leading producing States Were (in 
descending order of tonnage) Texas, Missouri, Kentucky, 
Pennsylvania, and Ohio; the total production of these five States 
was 309 Mt (41% of the total U.S. output) (table 6). 

Marble.—Production of crushed marble decreased by 28% | 
compared with the total for 2009 to 6.5 Mt valued at $86.] million 
(table 2). Crushed marble production was reported in 15 States | 

Miscellaneous stone.— This category includes three differen 
types of miscellaneous crushed stone production. The — | 
type is а crushed stone, which was reported by the comp Р : 
“other” on the survey form or as a type of stone not liste 
table 2. The second type is production of unknown ^ yr 
from a company or operation that is new to the survey. 11 


| jon 15 
first year an operation is added to the survey, its product ; 
loyment data. The type 


often estimated using MSHA emp ate Eon 
stone produced is updated when a response 15 rece oe 
the operation and the data are revised for the next rep 
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"іу third type is production of a known rock type when the amount 
Vaile} reported must be withheld to protect company proprietary data. 
The concealed amount is added to the quantity of miscellaneous 
їшї stone produced in that State and then published. 
(mig Тһе output of miscellaneous stone decreased by 7% compared 
Ph with the total for 2009 to 59.7 Mt, valued at $503 million 
бшу (table 2). In 2010, the reported amount of miscellaneous stone 
кұш» accounted for 67% of the total output of miscellaneous stone 
іш and 6096 of its value (table 13). The remaining 33% (29.8 Mt) 
of the total output consisted of known stone for which data were 
m withheld. Of the 29.8 Mt, 57% was limestone and traprock, 
у ју with the remaining 43% consisting of (in descending order of 
цы" tonnage) granite, marble, sandstone and quartzite, slate, volcanic 
інді; Cinder and scoria, shell, dolomite, and calcareous marl. 
Sandstone and Quartzite.—The output of crushed sandstone 
тар and quartzite was virtually unchanged compared with the total 
узы" for 2009 at 43.8 Mt, valued at $416 million (table 2). Crushed 
и sandstone production was reported in 30 States, while quartzite 
"OR produced in 17 States. The leading producing States were 
a (in descending order of combined tonnage of sandstone and 
МЕ quartzite) Pennsylvania, Arkansas, Texas, South Dakota, and 
, New York. Their combined total production was 28.7 Mt (6696 
‚„ of the U.S. output) (table 7). 
Shell.—Shell is derived mainly from fossil reefs or oyster shell 
banks. The output of crushed shell more than tripled compared 
‚ With the total for 2009 to 1.7 Mt, valued at $24.6 million (table 2). 
"m Crushed shell was reported as being produced in three States. 
" Slate. —The output of crushed slate increased by 6% 
ч. compared with that of 2008 to 3.2 Mt, valued at $34.4 million 
№. (table 2). Crushed slate was produced in 10 States, with 
P Pennsylvania accounting for about 37% of the total U.S. output. 
k Traprock.—Production of crushed traprock increased very 
, Slightly compared with the total for 2009 to 73.9 Mt, valued at 
4 $927 million (table 2). Traprock was reported as being produced 
| in 27 States. The leading producing States were (in descending 
ast order of tonnage) New Jersey, Oregon, Virginia, Washington, 
ЈЕ and North Carolina; these five States produced 35.8 Mt (48% of 
Ji U.S. output) (table 7). 
m Volcanic Cinder and Scoria.—Production of volcanic cinder 
ір and scoria decreased by 72% compared with the total for 2009 to 
D 2.3 Mt, valued at $17.8 million (table 2). Volcanic cinder and scoria 
W production was reported in 13 States, with the top producing State 
i" of Wyoming accounting for 49% of U.S. output (table 8). 


4s Consumption 


,  Crushed stone production reported to the USGS is actually 

, material that was either sold to other companies or consumers 

| Or was used by producers. Stockpiled production is not included 
, in the reported quantities. The “sold or used” tonnage, therefore, 
represents the amount of production released for domestic 
consumption or export in a given year. Because some of the 

, Crushed stone producers did not report a breakdown by end use, 
their total production is included in the "Unspecified, reported" 
use category. The estimated production of nonrespondents is 
Included in the “Unspecified, estimated” use category. 

| In 2010, U.S. apparent consumption of crushed stone, which 
15 defined as U.S. production plus imports and recycled material 
minus exports, was 1.20 Gt, almost unchanged compared 
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with the apparent consumption in 2009. Of the 1.20 Gt of 
crushed stone consumed, 310 Mt (27%) was “Unspecified, 
reported,” and 314 Mt (27%) was “Unspecified, estimated.” 
Of the remaining consumption reported by uses, 80% was 

used as construction aggregate, mostly for highway and road 
construction and maintenance, as well as for a wide variety of 
building and other nonbuilding construction; 10% for cement 
manufacturing; 3% for lime manufacturing; 2% for agricultural 
uses; and 2% for special and miscellaneous uses and products 
(table 9). It is indicated that, in marketing analysis or use-pattern 
studies, the quantities included in unspecified uses may be 
prorated and added to the reported uses by applying the above 
percentages calculated for the reported quantities. Using this 
procedure, the analyst assumes that the breakdown by uses of 
the unspecified uses is similar to that of the reported uses. 

In 2010, the value of the total construction put in place 
decreased by 1196 compared with that of 2009 to $804 billion, 
as reported by the U.S. Census Bureau (2011). The value of 
total private construction decreased by 1596 to $501 billion. 
This was the fourth consecutive drop in the total value of private 
construction and the lowest level since 1997. The value of total 
public construction decreased by 496 to $303 billion, which was 
the first decrease in total value in more than 18 years. 

Additional information regarding production and consumption 
of crushed stone by type of rock and major uses in each State 
and the State districts may be found in the USGS Minerals 
Yearbook, volume II, Area Reports: Domestic. 


Recycling 


The recycling of many materials was expanding, and 
aggregates producers were increasingly recycling cement concrete 
and asphalt concrete materials recovered from construction 
projects to be reused to produce aggregate materials, especially 
fill and road base. The recycling of cement concrete is done at 
some quarries and increasingly at sales yards or distribution sites, 
whereas asphalt concrete often is recycled in place. The USGS 
surveyed construction aggregate mining companies, construction 
companies, and demolition companies, which reported the 
following data. The data represents an unknown percentage of the 
actual U.S. total of recycled construction aggregates. 

Recycled Asphalt. —Companies in 48 States reported a total 
of 11.4 Mt of recycled asphalt, valued at $119 million in 2010 
(table 14). The leading recycling States were (in descending 
order of tonnage) California, Kansas, North Carolina, Michi gan 
and Illinois. Their combined total was 5.4 Mt,a decrease of 8%, 
compared with their combined total in 2009. 

Recycled Concrete.—A total of 13.4 Mt of recycled concrete 
valued at $98.6 million was reported as recycled in 48 States 
(table 15). The leading recycling States for 2010 were (in 
descending order of tonnage) California, Wisconsin, Michi an 
Illinois, and Virginia. Their combined total was 7.3 Mt an i 
increase of 4796 compared with their combined total of 2009 


Prices 


Prices in this chapter are the annual average free on board plant 
prices, usually at the first point of sale or Captive use, as reported 
by crushed stone producing companies. This value does not 


include transportation from the plant or yard to the consumer. It 
does, however, include all costs of mining, processing, in-plant 
transportation, overhead costs, and profit. In 2010, 825 operations 
responding to the annual survey reported the dollar value of their 
production for the current and previous year. The average unit 
value for operations reporting production and value was $10.02 
per metric ton in 2010. This was a slight decrease compared with 
the average unit value of $10.16 per ton in 2009. The annual 
reports of the top U.S. producing companies reported a 2% to 

4% price decrease in 2010, compared with prices in 2009. For 
those operations that reported production only, the unit values 

of total production or specific end uses were estimated based on 
what other operations in the same State reported. The average 
unit value for specific end uses within a State was used in the 
estimation of value for operations reporting specific end uses. The 
State average was used in the estimation for operations reporting 
total production but not total value. 

Additional information regarding prices of crushed stone by 
type of rock and uses in the United States and each State and 
the State districts may be found throughout the tables included 
in this chapter and in the USGS Minerals Yearbook, volume II, 


Area Reports: Domestic. 


Transportation 


For 672 Mt of the 1.16 Gt of crushed stone produced for 
consumption in 2010, no means of transportation was reported 
ucers. Of the remaining 483 Mt of crushed stone, 
6294 was reported as being transported by truck from ME quarry 
or the processing plant to the first point of sale or use; 4% 
by rail; and 6% by waterway. About 126 Mt of the specified 
production was reported as not having been transported and, 
therefore, is assumed to have been used onsite. 

Shipment by truck remains the most widely used method of 
transportation for crushed stone. The significant increase in the 
number of sales and distribution yards in the past few years 
and the increase in the volume of crushed stone going through 
these sites have had a positive impact on the industry and the 
communities they serve. Distribution yards, supplied by rail or 
waterway, are located near metropolitan areas and significantly 
reduce the distance most trucks must travel to pick up and 
deliver crushed stone. Therefore, the transportation costs are 
reduced, as is the impact of heavy traffic on the infrastructure 
and the environment. Sales yards serve to distribute products 


and, increasingly, also serve as recycling sites. 
5 


by the prod 


Foreign Trade 


The widespread distribution of domestic deposits of stone 
suitable for mining as crushed stone, the large number of 
existing active operations around the country, and the high cost 
of transportation limit foreign trade to mostly local transactions 

ational boundaries. U.S. imports and exports 


across intern . 0.5, 
continue to be small, representing slightly more than 1% of 


domestic consumption. | 
Information on imports of crushed stone used for this report 


from two sources. The primary source was import 
ta from the U.S. Census Bureau (tables 1, 17-18). 
companies provided import data when reporting 


was derived 
and export da 
Additionally, 
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the amount sold or used for consumption at each operation, 
usually a sales yard. The tonnage reported was attributed to 
the State where it was first sold or used; for example, crushed 
stone imported to Florida from Mexico was counted in the total 
of crushed stone sold or used in Florida (table 4). This was the 
same accounting practice used for large quantities of crushed 
stone, which were transported from one State to another. For 
example, crushed stone mined in Kentucky and shipped down 
the Mississippi River to be used in Louisiana was included in 
the total of crushed stone sold or used in Louisiana. 

Exports.—Exports of crushed stone decreased by 4% to 12] 
Mt compared with the total of 1.26 Mt in 2009, with the value 
decreasing by 11% to $52.1 million. In 2010, exports of crushed 
limestone for cement manufacturing averaged a unit value of 
$21.62 per ton, which was lower than the average unit value of 
2009 (table 17). 

Imports.—Imports of crushed stone increased by 19% to 144 
Mt compared with those of 2009, and the value increased by 6 
to $185 million. Of the imported crushed stone, almost all oft 
was limestone used as construction aggregate, as flux stone, an 
in cement manufacturing (table 18). | 


Outlook 


The crushed stone industry is a cyclical business, reacting 
to the levels of activity in public infrastructure projects, 
commercial and residential construction markets, and other 
types of construction. The residential construction slowdown 
in the United States was well documented and led to decreased 
consumption of crushed stone. The decline in residential 
construction appeared to level off in late 2010 and modest 
improvements are expected in 2011. Based on quarterly sales - 
data, it is thought that the construction industry reached the low 
point in the cycle and was starting to recover (Willett, 201) 

Even with the uncertainty іп the economic and political climate 
in the United States, many construction aggregates producers 
expect to see improvements in production levels їп 2011. It has 
been predicted that almost one-third of the American Recovery 
and Reinvestment Act of 2009 funds will be spent in 201, and 
this could contribute to increased consumption of construction 
materials (Martin Marietta, 2011, p. 5; Vulcan Materials 2 
p. 25). Increased consumption of crushed stone in commerci 
construction combined with State highway and infrastructure 
projects may offset the continuing decline in residential xis 
construction. Increased consumption 1n 2011 from that in е? 
not expected to reach the historical annual average ofthe Ж m 
to 4%. However, the estimated output of MA Ж 
1ipped for consumption in the 
decrease compared wi 


hipments of crus 
ith those 0 


years of 2% 
in the 48 conterminous States sl 
6 months of 2011 was 507 Mt, a 4% 
ofthe same period of 2010. Second quarter $ be 
stone for consumption decreased by 6.5% нин d 
the same period of 2010 (Willett, 2011). This dps 

recovery might take longer than previously expee*"* 
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f TABLE 1 
į SALIENT CRUSHED STONE STATISTICS! 
(Thousand metric tons and thousand dollars) 
е 2006 2007 2008 2009 2010 
Sold or used by producers: 
р Quantity 1,780,000 1,650,000 ' 1,460,000 ' 1,160,000 " 1,160,000 
; Value 14,300,000 14,100,000 © — 13,600,000* 11,300,000" — 11,200,000 
f Recycle: 
| Quantity mE 15,400 __ 20,100 _ 29,100 28,500 ' 24,900 
j Value 111,000 150,000 252,000 264,000 " 218,000 
f Exports: 
1 Quantity 1,140 1,020 1,240 1,260 1,210 
( Value 57,300 62,500 61,600 58,300 52,100 
| Imports for consumption: 
Quantity 19,800 19,500 20,900 12,200 14,600 
Value 206,000 212,000 232,000 174,000 185,000 


'Revised; estimated quantities for the prior year have been recalculated. 


'Data are rounded to no more than three significant digits. 


"Excludes precipitated calcium carbonate. 
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"Does not include American Samoa, Guam, Puerto Rico, and ће U.S. Virgin Islands. 
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TABLE2 
CRUSHED STONE SOLD OR USED IN THE UNITED STATES, BY ТУРЕ" 


и ________--_- ВЕ >. _ 
NENNEN X бе зе НИ 


2009" 
Quantity Quantity 

Number (thousand Value Unit Number (thousand Value Unit 

| Type of quarries metric tons) (thousands) value of quarries metric tons) (thousands) value 
Limestone 2,160 744,000 $6,650,000 $8.94 2,080 756,000 $6,830,000 90 
Dolomite 145 51,700 521,000 10.08 164 48,900 470000 98 
Marble 38 9,030 120,000 13.27 42 6,490 86100 ІШ 
Calcareous marl 5 2,590 14,700 5.68 4 2,720 2149 18 
Shell 6 464 8,450 18.20 8 1,730 24600 1424 
Granite 425 162,000 1,950,000 12.09 427 157,000 1,840,000 — ПЛ 
Traprock 354 73,800 989,000 13.39 346 73,900 927000 18 
Sandstone and quartzite” 220 43,700 423,000 9.68 211 43,800 416,000 М4 
Slate 40 2,980 30,900 10.36 37 3,150 34,400 10% 
Volcanic cinder and scoria 48 8,330 48,300 5.80 44 2,340 172800 76 
Miscellaneous stone 565 64,200 563,000 8.77 533 59,700 503,00 0 
XX 1,160,000 11,300,000 9.74 XX 1,160,000 11,200,000 967 


Total or average 


XX Not applicable. 
!Data are rounded to no more than three significant digits, except unit values and number of quarries; may not add to totals shown. 


2Does not include American Samoa, Guam, Puerto Rico, and the U.S. Virgin Islands. 


JEstimated quantities for the prior year have been recalculated. 
*Includes limestone-dolomite reported with no distinction between the two kinds of stone. 


5Includes sandstone-quartzite reported with no distinction between the two kinds of stone. 


TABLE 3 
CRUSHED STONE SOLD OR USED IN THE UNITED STATES, BY GEOGRAPHIC DIVISION? 


(Thousand metric tons and thousand dollars) 


ЕКИ ЕЕ UR RU == 
о 2009 ел ое 


Region/division Quantity Value Quantity Value 
Northeast: 
New England 35,100 387,000 33,000 362,000 
Middle Atlantic 134,000 1,560,000 133,000 1,540,000 
Total 169,000 1,950,000 166,000 1,900,000 
Midwest: 
East North Central 188,000 1,490,000 189,000 1,410,000 
West North Central 142,000 1,260,000 139,000 1,230,000 
Total 329,000 2,760,000 328,000 2,640,000 
South: 
South Atlantic 221,000 2,760,000 227,000 2,810,000 
East South Central 126,000 1,260,000 128,000 1,290,000 
~ West South Central 182,000 1,400,000 _ 191,000 — 1,480,000 
Total 529,000 5,420,000 545,000 5,570,000 
West: 
Mountain 56,400 433,000 47,700 383,000 
Pacific 77,800 761,000 69,100 683000 
Total 134,000 1,190,000 117,000 1,070,000 
~ Grand total 1,160,000 11,300,000 1,160,000 11,200,000 
Гаја are rounded to no more than three significant digits; may not add to totals shown. 
?Does not include American Samoa, Guam, Puerto Rico, and the U.S. Virgin Islands. 
"Estimated quantities for the prior year have been recalculated. 
RALS YEARBO 
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TABLE 4 


| 
CRUSHED STONE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE AND TERRITORIES 


зы л а ое a ISP пл а a за ми т жы 
Tenoa n EC E UU "АҒА И Мавара ада ERU RC те 


State 
Alabama 
Alaska 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 


Delaware! 


Florida 
Georgia 
Hawaii 
Idaho 
Illinois 
Indiana 
lowa 
Kansas 
Kentucky 
Louisiana? 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 


Mississippi? 
Missouri 
Montana 
Nebraska 
Nevada 
New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 
Other 

U.S. total or average 
See footnotes at end of table. 


STONE, CRUSHED— 2010 


Quantity 
(thousand 
metric tons) 


35,700 
1,940 
9,520 

29,400 

39,800 
6,800 
8,160 

W 

41,200 

44,500 
5,800 
3,880 

56,900 

44,200 

32,700 

16,900 

47,000 

W 
3,600 

23,300 

11,200 

20,400 
7,440 
3,130 

72,800 
1,990 
6,200 
7,380 
4,800 

14,500 
6,000 

38,000 

38,700 

985 

43,300 

36,100 

15,500 

81,500 
1,820 

18,200 
4,540 

40,300 

110,000 
4,790 
5,480 

42,300 

14,800 

12,300 

23,100 

16,000 
6,550 


1,160,000 


2009? 2010 
Quantity 
Value Unit (thousand Value 
(thousands) value metric tons) (thousands) 
$327,000 $9.15 35,400 $331,000 
34,700 17.93 1,510 22,600 
88,700 9.32 8,280 80,300 
215,000 7.31 31,000 238,000 
377,000 9.45 31,700 313,000 
62,200 9.14 7,320 58,400 
102,000 12.54 7,250 92,700 
W W W W 
558,000 13.54 42,800 548,000 
510,000 11.46 42,900 466,000 
101,000 17.35 4,750 91,900 
26,600 6.85 4,030 23,900 
514,000 9.04 53,100 477,000 
290,000 6.56 44,300 291,000 
298,000 9.13 31,800 292,000 
142,000 8.38 16,800 143,000 
415,000 8.84 49,200 425,000 
W W W W 
31,600 8.79 3,430 30,200 
208,000 8.93 21,700 221,000 
130,000 11.56 10,400 120,000 
116,000 5.69 21,900 122,000 
92,300 12.40 7,350 90,200 
63,400 20.25 2,910 65,500 
639,000 8.77 70,200 595,000 
20,400 10.25 2,020 21,200 
59,200 9.54 6,760 70,100 
81,300 11.01 6,970 80,800 
47,600 9.93 4,320 39,500 
124,000 8.51 14,400 119,000 
39,400 6.57 4,280 34,100 
431,000 11.35 33,000 367,000 
587,000 15.15 40,500 591,000 
3,980 4.05 835 3,770 
395,000 9.12 47,200 394,000 
301,000 8.34 39,000 343,000 
118,000 7.60 16,300 122,000 
1,000,000 12.31 85,500 1,050,000 
20,200 11.09 1,440 15,800 
201,000 11.01 19,200 215,000 
29,900 6.58 4,890 32,200 
453,000 11.25 40,900 464,000 
788,000 7.15 114,000 807,000 
39,100 8.17 5,840 43,800 
55,900 10.21 6,080 64,100 
580,000 13.70 44,100 613,000 
132,000 8.93 14,800 133,000 
112,000 9.07 14,700 141,000 
179,000 7.75 22,600 130,000 
75,400 4.7] 8,910 40,300 
102,000 15.60 6,730 102,000 
11,300,000 9.74 1,160,000 11,200,000 


Unit 
value 

$9.36 
14.97 
9.70 
7.66 
9.86 
7.98 
12.78 
W 
12.79 
10.86 
19.37 
5.95 
8.98 
6.57 
9.16 
8.51 
8.65 
W 
8.80 
10.17 
11.46 
5.55 
12.27 
22.54 
8.48 
10.50 
10.37 
11.58 
9.14 
8.27 
7.97 
11.12 
14.59 
4.52 
8.36 
8.80 
7.49 
12.29 
10.95 
11.23 
6.59 
11.35 
7.05 
7.50 
10.53 
13.88 


9.02 ° 


9.62 
5.77 
4.52 
15.11 
9.67 


71.7 


71.8 


Quantity 
(thousand 
State metric tons) 
Territory 

American Samoa‘ (5) 
Guam 296 
Puerto Rico 9,450 
Virgin Islands (5) 
Grand total or average 1,170,000 


^Includes Tutuila Island and dependencies. 


TABLE 4—Continued 
CRUSHED STONE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE AND TERRITORIES’ 


2009? 


Value 
(thousands) 


(5) 
$3,060 
72,400 


(5) 


11,400,000 
W Withheld to avoid disclosing company proprietary data; included with “Other.” 
'Data are rounded to no more than three significant digits, except unit value; may not add to totals shown. 


"Estimated quantities for the prior year have been recalculated. 
ЗА significant amount of sold or used material was shipped in from other States. 


Unit 
value 


(5) 
$10.35 
7.67 
(5) 
9.73 


Quantity 
(thousand 


metric tons) 


(5) 

114 

8,060 

(5) 
1,160,000 


5Withheld to avoid disclosing company proprietary data; included in "Grand total or average." 


20093 2010 
Quantity Quantity 
Size range Number of Percentage (thousand Percentage Number of Percentage (thousand 
(metric tons) operations of total metric tons) of total operations of total ^ metric tons) 

Less than 25,000 636 16.5 5.310 0.5 642 17.1 5.120 
25,000 to 49,999 342 8.9 11,400 1.0 366 9.7 12,400 
50,000 to 99,999 _ 531 13.8 35,100 3.0 494 13.1 33,000 
100,000 to 199,999 620 16.1 81,700 7.0 579 15.4 77,100 
200,000 to 299,999 428 11.1 97,100 8.4 401 10.7 90,400 
300,000 to 399,999 306 7.9 96,400 83 300 8.0 94,300 
400,000 to 499,999 250 6.5 102,000 8.8 232 6.2 94,200 
500,000 to 599,999 163 4.2 80,400 6.9 158 4.2 78,400 
600,000 to 699,999 127 3.3 74,400 6.4 134 3.6 79,100 
700,000 to 799,999 _ 85 22 57,400 4.9 84 22 56,800 
800,000 to 899,999 69 1.8 52,900 4.6 55 1.5 42,500 
900,000 to 999,999 43 1.1 37,000 3.2 44 1.2 37,600 
1.000,000 to 1,499,999 145 3.8 158,000 13.6 151 40 167,000 
1,500,000 to 1,999,999 45 1.2 68,600 5.9 54 1.4 83,700 
2,000,000 to 2,499,999 30 0.8 61,100 5.3 27 0.7 jain 
2,500,000 to 4,999,999 34 0.9 101,000 8.7 37 1.0 112,00 
5,000,000 and more 7 02 41100 3.5 60002 385 
ыы 3,860 100 1,160,000 100 3,760 1100 1,160,000 _ 


Total 


раѓа are rounded to no more than three significant digits except 


?Does not include recycle plants. 


TABLE 5A 
CRUSHED STONE SOLD OR USED IN THE UNITED STATES, BY SIZE OF OPERATION he 


3 Estimated quantities for the prior year have been recalculated. 


Ї уп. 
“Number of operations”; may not add to totals shov 


2010 
Value Unit 
(thousands) value _ 
(5) (5) 
$1,180 51035 
68,200 8.46 


(5) (5) 


11,300,000 9.66 


U.S. GEOLOGICAL SURVEY M 


38,500 |. — 


Percentage 
of total 
04 
1.1 
2.9 
6.7 
7.8 
8.2 
8.1 
6.3 
6.8 
4.9 
51 
3.3 
14.4 
7.2 
4.7 
9.7 
3.3 
100 


| 


Пи 


ТАВГЕ 5В 
1,2 
CRUSHED STONE SOLD OR USED IN THE UNITED STATES IN 2010, BY REGION AND SIZE OF OPERATION 


$$ aor OOOO 
Midwest 
EHS oo 22. gee 45 салдым аа то: ПОМ _ с м. ec 


| Northeast 


Quantity Quantity 
Size range Number of X Percentage (thousand Percentage Numberof Percentage (thousand Percentage 
(metric tons) operations of total metric tons) of total operations of total metric tons) of total 

Less than 25,000 82 14.1 773 0.5 162 15.0 1,550 0.5 
25,000 to 49,999 67 11.5 2,170 13 98 9.1 3,250 1.0 
50,000 to 99,999 68 11.7 4,560 2.7 152 14.1 10,000 3.1 
100,000 to 199,999 99 17.0 13,300 8.0 174 16.1 23,000 7.0 
200,000 to 299,999 62 10.7 13,800 8.3 117 10.8 26,000 79 
300,000 to 399,999 mM 44 7.6 13,700 8.3 100 9.3 31,100 9.5 
400,000 to 499,999 45 7.7 18,100 10.9 73 6.8 29,800 9.1 
500,000 to 599,999 20 34 9,900 6.0 - 47 4.4 23,400 7.1 
600,000 to 699,999 29 5.0 17,400 10.5 39 3.6 23,000 7.0 
700,000 to 799,999 15 2.6 10,200 6.1 20 1.9 13,500 4.1 
800,000 to 899,999 4 0.7 3,130 1.9 14 1.3 10,800 3.3 
900,000 to 999,999 m 7 1.2 6,020 3.6 12 1.1 10,300 3.1 
1,000,000 to 14499999  — 28 4.8 31,100 18.8 39 3.6 44,100 13.4 
1,500,000 to 1,999,999 6 1.0 8,870 5.3 14 1.3 21,600 6.6 
2,000,000 to 2,499,999 7 5 0.9 10,100 6.1 6 0.6 12,200 3.7 
2,500,000 to 4,999,999 ____ | 0.2 2,670 1.6 11 1.0 32,500 9.9 
Олло == " Е 2 0.2 11,600 3.5 


5,000,000 and more = =l 
Total 582 100 166,000 100 1,080 100 328,000 100 
a eg M ——— АРЫНЫ NOD 28000 100 


South West 

Quantity ба — 

Number of Percentage (thousand Percentage Numberof Percentage (thousand Percentage 

operations of total metric tons) of total operations of total metric tons) of total 

Lessthan25,00 č о 114 8.7 881 0.2 284 35.6 1,920 1.6 
25,000 to 49,999 _ 82 6.3 2,890 0.5 119 14.9 4,040 3.5 
50,000 1о 99,999 150 11.5 10,300 1,9 124 15.6 8,180 7.0 
100,000 to 199,999 182 13.9 24,800 4.5 124 15.6 16,000 13.7 
200,000 to 299,999 174 13.3 40,100 7.4 48 6.0 10,500 9.0 
300,000 to 399,999 135 10.3 42,800 7.8 21 2.6 6,780 5.8 
400,000 to 499,099 100 7.7 40,600 7.4 14 1.8 5,720 4.9 
500,000 to 599,999 77 5.9 38,100 7.0 14 1.8 6,990 6.0 
600,000 to 699,999 58 4.4 34,100 6.2 8 1.0 4,600 3.9 
700,000 to 799,999 38 2.9 25,700 4.7 11 1.4 7,410 6.4 
800,000 to 899,999 36 2.8 27,800 5.1 | 0.1 739 0.6 
900,000 to 999,999 u 22 1.7 18,800 3.4 3 0.4 2,490 2.1 
1,000,000 to 1,499,999 73 5.6 79,300 14.5 11 1.4 12,000 10.3 
1,500,000 to 1,999,999 26 2.0 40,900 7.5 8 1.0 12,300 10.6 
2,000,000 to 2,499,999 12 0.9 24,400 4.5 4 0.5 7,680 6.6 
2,500,000 to 4,999,999 22 1.7 67,300 12.3 3 0.4 9,360 8.0 


5,000,000 and more 4 0.3 26,800 4.9 -- t t: Жа 
фе 
Total 1,310 100 545,000 100 797 100 117,00 100 
! 
Data are rounded to no more than three significant digits except “Number of operations”; may not add to totals shown. 


*Does not include recycle plants. 


STONE, CRUSHED—2010 


71.9 


TABLE 6 
LIMESTONE, DOLOMITE, CALCAREOUS MARL, AND MARBLE SOLD OR USED BY PRODUCERS IN THE UNITED STATES 
IN 2010, BY STATE”? 


(Thousand metric tons and thousand dollars) 


Limestone Dolomite Calcareous marl o çë Мм 
State Quantity Value Quantity Value Quantity Value Quantity Value 
Alabama 29000 — 27000 —— 10700 бю  - —  — ту ти 
Alaska 65 Es = xm a yh T: У 
Arizona 3,320 ? 34,300 > -- -- = (4) р 
Arkansas 11,300 81,000 (5) -- Bs = » Е 
California 13,400 ? 119,000 226 2,100 -- - * у 
Colorado 407 4,050 (5) ЗЕ T -. | (4) š 
Connecticut 1,180 ? 22,600 (5) bs “= (4) - 
Delaware (4) -- -- -- ae = i Е 
Florida 39,600 ? 512,000 (5) -- -- Б x | 
Georgia 4,610 52,400 z 5 - - 1,060 2 
Hawaii (4) - -- -- = = Е | 
Idaho 250 3,670 ed -- -- = Е | 
Illinois 43,100 ? 381,000 9,550 91,600 -- - 2 | 
Indiana 40,100? 260,000 4,050 29,600 - - А | 
lowa 31,8003 291,000 (5) 5 - - С | 
Капзаз 15,800 135,000 " " - - ij | 
Kentucky 49,100 424,000 " i -- - Е | 
Louisiana (4) -- -- -- = E Е | 
Маше 1,620 12,200 = -- -- Е 7 
Maryland 12,400 ? 125,000 -- -- x ex o | 
Massachusetts 792 3 15,900 " - - E | ) 
Michigan 16,300 ? 93,800 4,670 25,000 (4) u 7 . 
Minnesota 2,590 3 29,800 1,590 22,700 -- а B : 
Mississippi 2,710 63,200 x - - e 6 : 
Missouri 65,400? 513,000 2,500 19,500 - = @ _ 
Montana 1,610 17,200 гі - - E | : 
Nebraska 6,680 69,200 Е: -- - = | - 
Nevada 2,250 28,600 (5) - -- = | | 
New Hampshire (4) ы = Е Е = 7 _ 
New Jersey (4) M = 22 22 -- Б _ 
New Mexico о 2,780 21,700 > - - Е ? 10) 
New York 19,900 ? 222,000 7,240 70,400 = Я е) | P 
North Carolina 4,210 61,000 (s) Ж = - 7 И 
North Dakota um 22 = E -- es 7 E 
Ohio 44200? 370000 2,300 19,100 - > $ 3 
Oklahoma 33,00? 301,000 (5) = - г 5 5 
Oregon (4) EN (4) = T -- Б _ 
Pennsylvania 47,000 ° 526,000 10,700 110,000 > 5 i : 
Rhode Island is 2 = К = > В 
South Carolina 2,530 24,900 __ _. 2,720 21,400 á , 
South Dakota 2,690 15,700 " Е = - Ф : 
Tennessee 39,600 3 448,000 (5) -. = " б 29 
Texas 103,000 725,000 52 = -- > NY m 
ао 4,230 32,400 (5) E " - 2 и 
Vermont 2,0003 19,500 (5) И 5 - Ы, 1 
Virginia 15,700 ? 203,000 (5) "n = ° 9) - 
Washington 967 3 12,400 198 3.220 2. -- () Б 
West Virginia 13,600 129,000 Е _ it - = 
See footnotes atendoftable. === қ 
or? 
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INTEL; TABLE 6—Continued 
| LIMESTONE, DOLOMITE, CALCAREOUS MARL, AND MARBLE SOLD OR USED BY PRODUCERS IN THE UNITED STATES 
IN 2010, BY 5ТАТЕ! 2 


(Thousand metric tons and thousand dollars) 


—=— 
| 
к (п Limestone Dolomite Calcareous marl Marble 
tod State Quantity Value Quantity Value Quantity Value Quantity Value 
~ Wisconsin 19,300 ? 111,000 165 882 -- -- (4) -- 


^ ' Wyoming 2,940 ? 19000  . 2. = == 35 = E 


~" Total 754,000 6,800,000 44,300 404,000 2,720 21,400 3,070 45,900 
- + == ZETO. 


- + 'Data are rounded to no more than three significant digits; may not add to totals shown. 

- : Totals may not match totals shown in table 2 because of concealments. 

- + "Includes limestone-dolomite reported with no distinction between the two kinds of stone. 

- + “Concealed to avoid disclosing company proprietary data; included with “Miscellaneous stone.” 


- В *Concealed to avoid disclosing company proprietary data; included with “Limestone.” 
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TABLE 7 
GRANITE, TRAPROCK, SANDSTONE AND QUARTZITE, AND SLATE SOLD OR USED BY PRODUCERS IN THE UNITED STATES 


IN 2010, BY STATE"? 


(Thousand metric tons and thousand dollars) 


Granite Traprock . . Sandstone and quartzite? Slate 
State Quantity Value Quantity Value Quantity Value Quantity Value 

Alabama 1,860 18,200 = m 920 8,960 (4) - 
Alaska 203 2,680 261 2,500 -- -- -- - 
Arizona 2,130 22,000 (4) - 528 5,350 - - 
Arkansas 7,570 61,000 E а 10,600 84,000 (4) - 
California 8,730 85.100 4,760 55,800 1,030 9,270 (4) = 
Colorado 4,780 38,500 (4) a 1,330 10,000 - x 
Connecticut 526 5,500 4,450 50,300 -- -- = 7 
Delaware -- -- (4) -- -- 5% = E 
Florida (4) -- -- -- (4) -- = 7 
Georgia 37,000 387,000 = 25 203 2,270 (4) > 
Hawaii = => 4,180 81,000 -- - = 7 
Idaho 251 1,180 1,720 8,210 (4) -- = - 
Illinois < er би = (4) = M - 
Indiana ге а a = = -- es ~ 
lowa ше € 22 А ж -- 55 7 
Kansas ЖЕ = = ES 934 7,720 m Е 
Kentucky ud = E 2 e ub - B 
Louisiana E E = E (4) - = 6 
Maine 1,240 12,200 (4) a 279 2,480 = i 
Maryland 4,600 44,900 (4) зы 96 2,340 = i 
Massachusetts 3,490 38,000 4,660 49,400 -- -- Е j 
Michigan та Ба (4) i: " - " | 
Minnesota 2,810 33,700 -- -- (4) = 7 | 
Mississippi = Ей бе жн -- -- m 6 
Missouri 899 52.900 (4) Е -- "s = 

Montana (4) ES (4) TN 9 130 р | 
Nebraska ын ШЕ € FI (4) -- Е : 
Nevada 107 1,120 (4) -- (4) = Е $ 
New Hampshire 2,190 19,200 1,550 14,500 (4) = Е E 
New Jersey 5,160 47,100 9,070 70,600 -- = Е И 
New Mexico es 5% às 2: (4) -- i _ 
New York 1,040 15,000 (4) а 1,690 20,400 (4) | 
North Carolina 28,300 413,000 5.330 77,200 = - 0) | 
North Dakota => ші Ss i (4) -- Dr р 
Ohio а Е T a 315 2,750 = _ 
Oklahoma 2,580 21,900 ы ШЕ 946 8,130 T _ 
Огероп 362 2,460 7,820 64,300 (4) й ИИИ 
Pennsylvania 2,740 30,100 4,860 183,000 11,500 114,000 1,170 Ж 
Rhode Island 595 6,890 (4) а -- = 7 Е 
South Carolina 13,400 163,000 ue а -- e б А 
South Dakota (4) - E Е 2.010 15,300 (4) _ 
Tennessee (4) E PE 2: 812 10,100 “ А 
Техаѕ (4) EN (4) ді 2,960 17,300 5 р 
Utah ыы m b = 242 3,150 б 264 
Vermont (4) = (4) ЕВ 1,020 12,100 249 і 
Virginia 18,400 269,000 7,460 104,000 1,280 18,600 @ n 
Washington 682 6,730 6,100 55,000 726 14009 — etum 

—2010 
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TABLE 7—Continued 
У THE UTE GRANITE, TRAPROCK, SANDSTONE AND QUARTZITE, AND SLATE SOLD OR USED BY PRODUCERS IN THE UNITED STATES 
IN 2010, BY STATE"? 
(Thousand metric tons and thousand dollars) 
i Granite Traprock Sandstone and quartzite? Slate 
ENG —————————— о 2 q РЦ 22-23 52; 
(ші State Quantity Value Quantity Value Quantity Value Quantity Value 
k — West Virginia -- -- -- - 1,070 12,400 - -- 
ее 
- Wisconsin 1,460 8,410 1,510 9.020 (4) -- -- - 
S ee НИНИ 
Wyoming (4) - -- -- -- = pe З= 


| Total 153,000 1,810,000 63,700 825,000 40,500 382,000 1,420 14,400 
| -- Zero. | 


'Data are rounded to по more than three significant digits; may not add to totals shown. 
Totals may not match totals shown in table 2 because of concealments. 
"Includes sandstone-quartzite reported with no distinction between the two kinds of stone. 


"Concealed to avoid disclosing company proprietary data; included with *Miscellaneous stone." 
| 
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State 
Alabama 
Alaska 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
Florida 
Georgia 
Hawaii 
Idaho 
Illinois 


Indiana 


lowa 


Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 
Nevada 
New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 

Oklahoma 
Oregon 


er 0 


Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 

Utah о 
Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 


ть 
See footnotes at end of table. 


Shell 
Value 


Quantity 


TABLE 8 
SHELL, VOLCANIC CINDER AND SCORIA, AND MISCELLANEOUS STONE SOLD OR USED 


BY PRODUCERS IN THE UNITED STATES IN 2010, BY STATE'? 


(Thousand metric tons and thousand dollars) 


EARBO 
U.S. GEOLOGICAL SURVEY MINERALS Y 


Volcanic cinder and scoria 
Quantity 


694 
1,040 
2,170 
1,540 
3,330 

799 
1,100 

W 
1,560 


Miscellaneous stone 


Quantity 


Value 
6,760 
17,400 
18,000 
11,800 
38,300 
5,820 
14,200 
W 
14,700 
168 
9210 
10,900 
4,120 
1,020 
340 


3,300 
48,600 
16,200 

2,780 

4,050 

2,320 

9,640 

3,960 

822 
51,000 

5,780 

1,070 
10,900 
38,000 
40,000 

2,790 

2,730 
12,800 
55,000 
75,500 

8,880 

6,030 

1,280 

5,720 
61,400 

8,200 
29,800 
18,100 
41,300 


9% 


———— 


oc 


EE —X—  ————M = 


TABLE 8—Continued 
LUSED SHELL, VOLCANIC CINDER AND SCORIA, AND MISCELLANEOUS STONE SOLD OR USED 


BY PRODUCERS IN THE UNITED STATES IN 2010, BY STATE}? 


(Thousand metric tons and thousand dollars) 


ews Shell Volcanic cinder and scoria Miscellaneous stone 
| wu State Quantity Value Quantity Value Quantity Value 
M og Wyoming -- -- 1,140 5,450 4,830 15,800 
8 м | Other | -- -- -- -- 6,730 102,000 
пн Total 1,670 20,900 2,010 14,000 89,400 840,000 
ен W Withheld to avoid disclosing company proprietary data; included with “Other.” -- Zero. 
б S 'Data are rounded to no more than three significant digits; may not add to totals shown. 
а ?Totals may not match totals shown in table 2 because of concealments. 
) *Concealed to avoid disclosing company proprietary data; included with “Miscellaneous stone.” 
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TABLE 9 
CRUSHED STONE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE! 


2009* 2010 
Quantity Quantity 
(thousand Value Unit (thousand Value Unit 
Use metric tons) (thousands) value metric tons) (thousands) маше 
Construction: 
Coarse aggregate (+1 inch): 

Macadam 1,650 $17,900 $10.83 1,270 $12,700 $1001 
__Riprapandjettystone 002500 9,600 100,000 10.44 10,000 114,000 — 13 
ею о о 3,600 36700 102 3,540 36200 10 
— Othercoarseaggregate о о 17,400 196,000 1122 21,300 221,000 10% 

Coarse aggregate, graded: 

Concrete aggregate, coarse 29,800 292,000 9.82 27,000 258,000 958 

Bituminous aggregate, coarse 19,200 189,000 9.82 26,300 260,000 937 

Bituminous surface-treatment aggregate 6,490 80,300 12.38 5.880 68900 ИЛ) 
— Raiodbalast о о 9,540 88,700 9.30 5,750 55400 98 

Other graded coarse aggregate 94.700 1,130,000 11.89 93,100 1,130,000 — 1215 

Fine aggregate (- Ж inch): 

Stone sand, concrete 4,560 54,900 12.05 3,560 39,600 11.14 

Stone sand, bituminous mix or seal 6,310 63,800 10.12 6,410 64,700 100 
___ Screening, undesignated 9,420 85,900 9.1] 10,900 99,100 9.11 

Other fine aggregate 44,300 514,000 11.62 34,600 365000 103 

Coarse and fine aggregates: 

Graded road base or subbase 56,300 411,000 7.30 58,700 446,000 13 

Unpaved road surfacing 12,200 94.000 7.74 14,400 116,000 8.05 

Terrazzo and exposed aggregate 328 8,040 24.49 266 10,700 47 

Crusher run or fill or waste | | 15,000 113,000 7.52 16,800 123,000 134 

Roofing granules 2,590 313,000 121.23 648 54600 84.8 

Other coarse and fine aggregates 75,900 728,000 9.60 82,800 792,000 951 

Other construction materials 6,510 50,200 7.70 5,250 54,900 1046 

Agricultural: ——— 

_ Agricultural limestone — 7,810 74,500 9.53 10,700 87,700 Ey 
Poultry grit and mineral food = о 970 19.900 20.55 1.330 26/00 Ж 
Other agricultural uses | | m 589 21,900 av [m + 690 23,200 36 

Chemical and metallurgical: 

- Cement manufacture ___ с 51,200 270,000 5.28 52,600 5800 56 
Lime manufacture #2 —— — 11.700 101.000 8.60 16.400 194,000 1141 
Dead-burned dolomite manufacture | m * » 383 2,050 55 

Eo M 2,490 15,300 6.14 2,510 meo 14 

= Chemical stone | ЕТЕН ME 227 2,040 8.99 137 1,290 з 
Glass manufacture mE = 896 22,000 24.59 821 13,800 A 
Sulfur oxide removal 5.690 45,800 8.05 7.670 72,000 93 

Special: 

_ Mine dusting or acid watertreamen ^ ^ ^ ^ ^ —— 150 7,080 47.35 727 | ye. us 
Asphalt fillers or extenders 14,80 | 
Whiting ог whiting substitute ee 2. ни pi: 4,450 18.91 
Other fillers or extenders > dde 1920 а 59.300 22.16 

= ine ____ | "ONES 2,220 35,500 15.99 2,600 9.99 

Other miscellaneous uses and specified uses not listed 716 22.300 31.18 5,250 52,400 | 

Unspecified:° | 5 
пероне _ 307,000 3,010,000 9.83 310,000 3,020,000 | 
Estimated | d с 314,000 2,240,000. po 
Total or average к= ГЫ мос D "ESSA 11,200,000 Ж. 

Ize 6000 130000 974 1160001120000. 


| 
Data are rounded to no more than three significant digits, except unit value; may not add to totals shown. 


2 А е В 
о quantities for the prior year have been recalculated. 
Reported and estimated production without a breakdown by end use 
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TABLE 10 
| 
USE LIMESTONE AND DOLOMITE SOLD OR USED BY PRODUCERS IN THE UNITED STATES IN 201 0, BY USE'? 
EN id (Thousand metric tons and thousand dollars) 
iy 
м d ыы 
Qs) (ha — —— .. . Limestone 0-05 Dolomite 


wee. Use Quantity Value Unit value Quantity Value Unit value 
Construction: 


л п _ Coarse aggregate (+1% inch): 


w a = Macadam 1,010 9,860 $9.75 9 80 $8.89 
W y __ Riprapandjetystone о 7,260 75,800 10.44 210 2,950 14.08 
йл _Ешшеее -_- 2,590 24,400 9.41 32 293 9.09 
Other coarse aggregate 16,000 152,000 9.50 827 9,070 10.97 
0 м Coarse aggregate, graded: 
и М Concrete aggregate, coarse 16,500 158,000 9.62 2,820 21,200 7.52 
0 4 Bituminous aggregate, соагве 15,600 159,000 10.20 1,670 15,500 9.26 
! © Bituminous surface-treatment aggregate. о 2,730 29,100 10.64 1,230 13,400 10.88 
! ® Ralosdbalest о 1,350 10,400 7.65 107 897 8.35 
| Other graded coarse aggregate 63,600 698,000 10.98 3,540 43,100 12.20 
| А Fine aggregate (- % inch): 
| н Stone sand, concrete 1,390 13,600 9.77 137 1,350 9.81 
_ 5 Stone sand, bituminous mix or seal 3,250 32,500 9.98 915 9,500 10.38 
j Screening, undesignated 5,460 45,500 8.34 566 4,790 8.46 
T Other fine aggregate 20,000 208,000 10.39 2,490 23,400 9.43 
" Coarse and fine aggregates: 
^ Graded road base or subbase 37,800 275,000 7.28 2,210 18,700 8.47 
vd Unpaved road surfacing 9,190 76,200 8.28 1,200 12,000 9.96 
iy Terrazzo and exposed aggregate 93 5,190 55.91 36 1,900 52.36 
T Crusher run or fill or waste 9,290 63,500 6.83 2,140 16,900 7.90 
и Roofing granules 304 5,090 16.73 
Other coarse and fine aggregates 51,300 458,000 8.93 4,100 32,900 8.02 
+ Other construction materials 2,460 24,700 10.06 192 1,250 6.50 
à Agricultural: 
5 Agricultural limestone 9,600 79,400 8.27 990. 7,440 7.51 
" Poultry grit and mineral food 1,290 22,800 17.67 | 16 10.44 
s Other agricultural uses 548 20,400 37.21 10 901 94.33 
« . Chemical and metallurgical: 
+ _ Cement manufacture 50,900 288,000 5.65 57 37 0.65 
à Lime manufacture 16,300 192,000 11.79 -- -- x 
" Dead-burned dolomite manufacture | 3 28 10 380 2,020 5 
^i Flux stone 917 10,000 10.93 1,580 8,510 5.37 
Chemical stone 136 1,280 9.37 -- ы E 
y __ Glass manufacture 77777 477 7,110 14.88 us " = 
i Sulfur oxide removal 7,670 72,000 9.38 -- -- -- 
С Spee re, 
i Mine dusting or acid water treatment 677 17,900 26.48 -- -- ss 
2 Asphalt fillers or extenders 916 10,200 11.16 2 = “ 
Whiting or whiting substitute 171 4,080 23.83 -- -- -- 
7 Otrfüllemorextenders | ^ ^ ^ 1,910 40,400 21.11 20 419 21.33 
Other miscellaneous uses and specified uses not listed 600 8,380 13.98 262 3,920 14.96 
d Unspecified:* 
= 183.000 1,690,000 9.20 10,800 103,000 9.49 
-Estimated = 211,000 1,820,000 8.60 5,720 48,400 8.47 
= 754,000 6,800,000 9.02 44,300 404,000 9.12 
ӨЛ M cM CC MM CM DOM eee 


' Data are rounded to no more than three significant digits, except unit value; may not add to totals shown. 
?Totals may not match totals shown in table 2 because of concealments. 
“Includes a minor amount of limestone-dolomite reported without a distinction between the two. 


"Reported and estimated production without a breakdown by end use. 
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TABLE 11 
LIMESTONE AND DOLOMITE SOLD OR USED BY PRODUCERS IN 201 0, BY STATE AND USE! 


(Thousand metric tons and thousand dollars) 


Concrete aggregate Bituminous aggregate Roadstone and coverings Riprap and railroad ballast ^ Other construction uses 


Я Mute Re RE Ы 


State Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 
Alabama 1,790 15,600 7,260 70,600 2,690 27,500 461 4,630 4470 4% 
Alaska -- -- -- -- -- -- -- -- - 
Arizona -- -- -- -- -- -- -- -- W V 
Arkansas 289 2,410 395 3,920 1,130 9,610 101 1,060 L70 ЮЖ 
California W W 101 1,640 108 1,160 82 1,120 310 2310 
Colorado -- -- -- -- ss == 11 153 -- - 
Connecticut 10 155 21 337 23 203 W W W V 
Delaware -- Е - Зи EM us = us -- ‚= 
Florida 4,230 67,800 4,090 85,500 3,910 28,400 66 1,230 5,600 551) 
Georgia W W W W W W m" zs W V 
Hawaii -- ES Же E id a = =з - я 
Idaho -- -- -- ~- 45 185 -- -- = j 
Illinois 2,450 19,500 8,810 97,100 4,420 31,900 544 6,450 400 — 39 
Indiana 4,030 26,300 8,410 59,000 3,370 22,000 607 4,830 3,360 21,100 
lowa 1,010 11,200 904 12,000 6,810 63,800 310 5,590 1,510 10,100 
Kansas 514 5,160 376 5,490 725 4,410 4 76 705 3,990 
Kentucky 2,510 23,300 8,220 76,700 6,020 46,300 711 7,020 4830 44% 
Louisiana d í Ls қа = __ _- = = ы 
Maine 73 380 = - 23 87 - - = 7 
Maryland 2,800 29,500 2,230 21,800 246 2,110 21 282 847 6,240 
Massachusetts de T =e A 109 1.450 zi zs 27 p 
Michigan 3,250 16,200 390 2210 1,710 9,130 117 1,280 354 Vn 
Minnesota W W 638 11,600 422 4,200 44 859 450 4 
Mississippi? W W W W W W & -- W у 
Missouri 1,930 18,500 2,260 20,200 6,150 43,600 2,550 20,400 1,730 11,200 
Montana us ue 2: 22 үу үу үу үу W V 
Nebraska W W W W W W W W W у 
Nevada us ER > Ее T P" E 2s - й 
New Hampshire = ae t - г Е 2 = - й 
New Jersey E КЕ - = ра " E 5; - 7 
New Mexico 128 1,690 29 284 150 1,090 37 681 ji : 
New York 3,320 36,500 3,350 48,100 1,010 11,000 224 2990 5560 SM 
North Carolina w W W Ww m Ww а W W Ы 
North Dakota = > z Е " _ T E - 7 
Оһіо 2,210 18,700 8730 79,600 8,210 69,000 376 3,730 3,450 15 
Oklahoma 359 4,130 3,540 28,500 1,120 11,900 133 1,830 960 Ji 
Oregon z ВА 2 Я _ _ Е Е е 
Pennsylvania 3,180 31,400 8,690 77,800 5,810 55,700 794 8,680 7,540 xi 
Rhode Island es ES Ж m Е = A és > 
South Carolina W W W үу үу Ww 5 52 238 | " 
South Dakota EN 2 _ _ И М Ф W 
Tennessee 2,080 27,100 9,930 130,000 3,250 29,900 820 6,770 8,150 # 
Теха$ 3,260 24,400 7,390 87,400 5,440 27,100 475 4,070 14,600 1 V 
Utah " B = _ _ И = > W 
Vermont W W W W у W W W 355 | = 
Virginia 1,550 19,100 2,190 25,800 1,450 15,200 214 2,830 1,760 n 
Washington W W W W 138 p -- 5 b 16,800 

ЕЕ 2 ! 
wes Virginia in i Ке uu 828 8,790 76 1,280 i 11,000 

| ,180 1,450 7,590 70 797 у 
Wyoming W үу үу W у у а 5 W ЕТ 
Total | 41600 — 40500 91800 3750.9 бо УЫ — 8.860 88.700 76,800 " 
арши 1670 21,000 1,710 31,600 1,480 19,200 74 1,310 БЕ "T 
rand tota — 43300 426000 — 35500 oop e м м 

See foomotesatend afable. СОЗО ШО 68,300 — 35000 X330 о Тын 57 
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TABLE 11—Continued 


ANDU 
ig LIMESTONE AND DOLOMITE SOLD OR USED BY PRODUCERS IN 2010, BY STATE AND USE! 


(Thousand metric tons and thousand dollars) 


illis i; аа лс ш а 
— — Cement manufacture Agricultural uses Lime manufacture Other uses Total 


Alaska -- -- -- == ЕБ x Es = ed ыш 
~ ' Arizona W W W W = Е 1,530 15,700 3,320 34,300 
WW 1 "Arkansas W W 185 1,930 W W 5.480 41,400 11,300 81,000 
М0 2 California 6,660 18,400 327 11,200 = " 5.980 84,900 13,600 121,000 
8 > Colorado -- -- - - 32 237 364 3,660 407 4,050 
V ! Connecticut - - 9 92 -- ~- 705 8,010 1,180 22,600 
- Delaware a 26 br Бы 25 E = 2 2 сы 
I3 У Florida W W 631 4,060 -- -- 20,700 267,000 39,600 512,000 
- 1 Georgia W W 68 600 2 -- 2,580 30,500 4,610 52,400 
- Hawaii a d ge E БЕ == 55 = Es = 
: Idaho -- -- W W -- -- W W 250 3,670 
$ € Illinois W W 1,910 10,800 W W 29,200 268,000 52,600 473,000 
|) + Indiana 3,240 12,500 1,860 11,700 W W 19,300 132,000 44,200 290,000 
34 i Iowa 490 1,080 900 6,790 W W 19,500 177,000 31,800 291,000 
| Kansas W W 63 227 Es - 11,200 97,000 15,800 135,000 
iy # Kentucky - -- 427 2,360 W W 21,800 189,000 49,100 424,000 
А Louisiana zs шы es hs Жы cd 5% са m me 
: Maine W W -- -- -- -- 962 9,180 1,620 12,200 
p г Maryland - - -. -- -- -. 6,250 64,800 12,400 125,000 
: Massachusetts -- E 61 780 5 66 590 13,400 792 15,900 
қ : Michigan -- -- 231 1,840 -- - 14,900 86,400 20,900 119,000 
y § Minnesota -- -- 120 1,230 -- -- 2,310 28,000 4,170 52,500 
. | Mississippi? -. -- 97 2,900 - -- 593 11,700 2,710 63,200 
у Missouri 7,780 48,800 841 4,380 1,690 11,100 43,000 354,000 67,900 532,000 
‚ , Montana W W W W W W 779 9,650 1,610 17,200 
| j Nebraska W W 253 4,440 -- -- 4,230 43,800 6,680. 69,200 
| , Nevada W W W W W W -- - 2,250 28,600 
New Hampshire = = se -- -- -- -- -- -- - 
New Jersey ЕҢ T - = == = -- -- -- -- 
‚ Мем Mexico = " 2. = ша 2 2,350 17,400 2,780 21,700 
| New York 1,090 11,600 163 1,940 Е = 12,400 128,000 27,100 293,000 
' North Carolina - -- 2 86 -- -- 3,960 57,700 4,210 61,000 
| North Dakota 2 E ER > ae -- -- -- -- -- 
. Ohio W W 964 9,250 -- = 21,200 175,000 46,500 389,000 
* Oklahoma W wW 132 982 w W 26300 239,000 33,900 301,000 
) Огероп bis t ХИ ES ЗА -- -- -- -- -- 
_ Pennsylvania 3,070 34,700 972 13,400 1,670 64,500 26,000 286,000 57,700 636,000 
$ Rhode Island m E ee T e -- -- -- -- - 
South Carolina E 2 5 s = = 1,630 16,400 2,530 24,900 
* South Dakota W W Ж = x 5 1,940 13,400 2,690 15,700 
| Tennessee W W 214 2,960 W W 13,700 145,000 39,600 448,000 
ЖЕСТ 11,100 40,100 469 5,420 W W 59,000 412,000 103,000 725,000 
W — Utah 1.610 14,100 Ww үу W W 1,460 11,500 4230 32,400 
! Vermont » W W z = 1,460 15,100 2,000 19,500 
* — Virginia " Е 553 11,100 Be = 7,940 111,000 15,700 203,000 
|j Washington 2 20 2 5 W W 803 11,000 1,170 15,700 
! West Virginia а " Ww W Ж E 6,890 67,400 13,600 129,000 
Ü Wisconsin E - 429 3,420 Т г 13,800 77,800 19,500 112,000 
7 See footnotes at end of table. 
4 
ji 
v 
y 
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ys Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 
TOM Alabama W W 367 3,540 W W 10,100 85,500 30,100 280,000 


TABLE 11—Continued 
LIMESTONE AND DOLOMITE SOLD OR USED BY PRODUCERS IN 2010, BY STATE AND USE! 


(Thousand metric tons and thousand dollars) 


Cement manufacture Agricultural uses Lime manufacture Other uses Total 
Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 
Wyoming 359 2,040 -- -- -- -- 2,370 15,100 2,940 19,000 
Total 35,400 184,000 12,200 117,000 3,400 75,900 425,000 3,820,000 798,000 7,00% 
Tota] withheld 15,500 104,000 194 13,600 13,300 119,000 163 2,150 XX XX 
Grand total 50,900 288,000 12,400 131,000 16,700 195,000 425,000 3,820,000 798,000 — 72004000 


W Withheld to avoid disclosing company proprietary data; included in “Total” or “Total withheld.” XX Not applicable. -- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
2А significant amount of sold or used material was shipped in from other States. 
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TABLE 12 
GRANITE, TRAPROCK, SANDSTONE AND QUARTZITE SOLD OR USED BY PRODUCERS IN THE UNITED STATES IN 2010, BY USE"? 


(Thousand metric tons and thousand dollars) 


unir 
ћ — Granite Traprock ite? 
ее 


Sandstone and quartzite 


Т! Coarse aggregate (+1% inch): 
| 


(= Use Quantity Value Quantity Value Quantity Value 
Ж — Construction: 
educ T M 22/-25332 S 222-222 а тв 


1 Масадат -- -- 137 1,190 70 924 
) М — — Riprapand jetty stone 1,550 19,400 273 4,620 308 4,410 
Filter stone 371 4,650 278 3,470 137 1,570 
Other coarse aggregate 1,680 30,400 427 4,920 411 3,270 
Coarse aggregate, graded: 
Concrete aggregate, coarse 3,490 33,300 1,240 11,200 717 7,530 
Bituminous aggregate, coarse 3,280 33,100 1,240 11,600 602 6,410 
Bituminous surface-treatment aggregate 798 11,400 200 1,790 293 3,720 
Railroad ballast 3,390 33,300 365 3,700 41 595 
Other graded coarse aggregate 17,400 271,000 2,990 41,200 989 10,500 
Fine aggregate (- % inch): 
Stone sand, concrete 211 2,480 197 5,490 673 7,050 
Stone sand, bituminous mix or seal 711 6,970 731 8,230 211 2,630 
Screening, undesignated 3,060 31,300 839 10,200 415 2,960 
Other fine aggregate 6,330 72,800 2,100 23,100 766 8,290 
Coarse and fine aggregates: | 
Graded road base or subbase 5,460 52,600 5,160 42,100 2,230 18,800 
Unpaved road surfacing 321 3,240 559 3,810 275 2,240 
Terrazzo and exposed aggregate 9 87 9 80 20 250 
Crusher run or fill or waste 2,050 16,500 761 5,840 794 5,530 
Roofing granules 322 49,000 10 50 9 341 
Other coarse and fine aggregates 14,200 153,000 6,860 75,400 1,170 10,400 
Other construction materials 211 1,560 931 13,900 391 4,940 
Agricultural: 
Agricultural limestone -- -- -- -- -- -- 
Poultry grit and mineral food -- -- -- Е ss == 
Other agricultura! uses 42 538 2 23 5 80 
Chemical and metallurgical: - == => zx = m 
Cement manufacture -- -- -- ы 135 1,620 
Lime manufacture 77 809 -- ge = = 
Dead-burned dolomite manufacture -- -- == UE 9% E 
Flux stone ы -- -- -- 10 83 
Chemical stone = -- -- -- ae ss 
Glass manufacture EE -- -- Е 344 6,730 
Sulfur oxide removal Se ші -- -- -- ды 
Special: 
Mine dusting or acid water treatment => -- -- -- -- -- 
Asphalt fillers or extenders 294 3,100 -- -- -- -- 
.. Whiting or whiting substitute = -- SR T = т 
Other fillers or extenders == 25 -- -- -- ne 
Other miscellaneous uses and specified uses not listed 56 561 35 373 2,620 22,400 
Unspecified:^ 
Reported 66,100 744,000 20,000 235,000 9,870 85,800 
Estimated 21,600 232,000 18,400 318,000 17,000 162,000 


53,000 


1,810,000 


E он: я ONGMNÉ ЖЕНЕ т COO 7 
о 18300 181000 — 63,00 825000 ____40,500 382000 


-- Zero. 


Data are rounded to no more than three significant digits; may not add to totals shown. 
“Totals may not match totals shown in table 2 because of concealments. 
"Includes sandstone-quartzite reported with no distinction between the two kinds of stone. 
"Reported and estimated production without a breakdown by end use. 
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TABLE 13 
MARBLE, VOLCANIC CINDER AND SCORIA, AND MISCELLANEOUS STONE SOLD OR USED BY PRODUCERS IN THE UNITED STATES 


IN 2010, BY USE}? 


(Thousand metric tons and thousand dollars) 


Marble Volcanic cinder and scoria Miscellaneous stone 


Use Quantity Value Quantity Value Quantity Value 
Construction: 
idi CHEN 


Coarse aggregate (+1 inch): 


Macadam -- B -- -- 40 632 
Riprap and jetty stone -- -- 1 18 413 6200 
Filter stone -- -- -- -- 129 1,850 
Other coarse aggregate -- -- 8 60 1,930 20,400 
Coarse aggregate, graded: 
Concrete aggregate, coarse 24 171 = -- 1,970 21,800 
Bituminous aggregate, coarse 2 Е" ча Е 3,910 33,800 
Bituminous surface-treatment aggregate EN aie 5% = 626 9,550 
Railroad ballast - 22 РЕ - 495 6,530 
Other graded coarse aggregate Е is 49 488 4,140 59,300 
Fine aggregate (- % inch): 
S ee concrete 64 627 = = 882 9,060 
Stone sand, bituminous mix or seal a 2 = = 523 4,880 
Screening, undesignated 5 2: 2 49 516 4,170 
Other fine aggregate Ж io 1 6 2,550 25,900 
Coarse and fine aggregates: 
Graded road base or subbase -- -- 76 775 5,230 dos 
Unpaved road surfacing = = 87 563 2,710 js 
Terrazzo and exposed aggregate | 12 2,190 2 46 85 s 
Crusher run or fill or waste ES zs 85 378 1,310 p 
Roofing granules = ~ m " 4 Es 
Other coarse and fine aggregates = ae 20 165 5,110 is 
Other construction materials = T 66 987 920 6, 
Agricultura: SSS " 
 Agriculuallimestone о E - Е т 10 a 
Poultry grit and mineral food E 2 m ET 34 ps 
Other agricultural uses m ӨЗ 22 шы 85 
Chemical and metallurgical: TT 
Cement manufacture ЕЯ 5: s ша 245 Ж 
Lime manufacture ші г. m us 5 | 
Dead-burned dolomite manufacture -- = zm T 7 E 
Chemical stone = "m ды -- m 


Glass manufacture ЯЕ Es зы mM = 
Sulfur oxide removal s 25 = 


Special: - 
Mine dusting or acid water treatment - =“ 2 ~ Ж 1,520 
Asphalt fillers ог extenders -- -- = T Hi 30 
Whiting or whiting substitute -- sm Е а А 365 
Other fillers ог extenders 610 18,100 e 5 A 16,500 

Other miscellaneous uses and specified uses not listed -- -- 68 152 ae | 

Unspecified:? 159,000 
Reported 403 4,650 1,020 4,350 SOM 3 m 
Estimated 1,910 18,600 532 6,010 35,200 4000 


Total 3.070 45,900 2.010 14,000 39.400 8007 
Zen, о —————————— M. 559 200 9O 


"Data are rounded to no more than three significant digits; may not add to totals shown. 
?Totals máy not match totals shown in table 2 because of concealments. 
"Reported and estimated production without a breakdown by end use. 
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ТАВГЕ 14 
RECYCLED ASPHALT SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE! 


2009 2010 
ЕЗ - oce ee uuu a LE A с 2. 


Quantity | Quantity 
(thousand Value Unit (thousand Value Unit 


State metric tons) (thousands) value metric tons) (thousands) value 
Alabama 127 $2,520 $19.81 133 $2,670 $20.09 


Alaska 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
Florida 
Georgia 
Hawaii 

Idaho 

Illinois 
Indiana 

Iowa 

Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 
Nevada 

New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 
Oklahoma 


Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 
U.S. total or average 
See footnotes at end of table. 
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58 
228 


15 
15,300 " 


1,200 
1,370 
908 
11,600 
4,050 
517 
35 
12,300 
4,280 
1,030 
587 
12,500 
1,870 
210 
33,200 
928 
757 
1,130 
703 
2,410 
3,010 
5,460 
1,780 
693 
89 
1,090 
1,500 
3,480 
1,350 
262 
2,840 
7,850 
450 
1,090 
1,570 
1,580 
10,100 
642 
4,420 
752 
1,450 
4,650 
1,560 


4,290 
205 


161,000 * 


20.77 
5.99 
10.61 
6.82 
11.17 
4.14 
15.44 
13.65 
21.74 
14.24 
6.16 
8.56 
8.29 
7.70 
25.73 
19.00 
5.59 
8.13 
4.80 
8.38 
5.66 
10.28 
13.04 
4.22 
10.33 
12.91 
5.45 
11.68 
8.66 
5.57 
7.45 
8.96 
10.74 
6.10 
13.28 
7.25 
9.96 
9.59 
21.54 
6.18 
7.34 
7.54 
6.64 
14.58 
12.78 
5.59 
6.86 
13.94 
10.50 


31 
139 
18 
1,480 
377 
141 


650 
1,200 
100 
11,400 
1,590 
601 


3,350 
33 
119,000 


20.85 
8.62 
5.51 
7.73 
4.21 
4.26 

14.36 

17.11 

17.55 
6.42 
7.67 

20.64 
3.64 

25.34 
7.00 
4.67 
9.86 
521 
7.90 
4.03 
7.97 

19.44 
3.88 

12.22 

14.87 
5.61 

12.77 
5.95 
5.00 
7.22 

10.33 

12.59 
5.83 
9.52 
9.56 
8.92 
5.62 

12.99 

11.26 
6.91 
7.74 
6.71 

18.67 

10.01 
6.74 
9.53 
6.72 

10.44 


71.23 


TABLE 14—Continued 
RECYCLED ASPHALT SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE! 


2009 


2010 
Quantity Quantity 
(thousand Value Unit (thousand Value Unit 
State metric tons) (thousands) value metric tons) (thousands) value 
Territory 
Puerto Rico 45 $186 ' $4.13 45.00 $186 $4.13 
Grand total or average 15,400 ' 161,000" 10.48 11,400 119,000 10,41 
‘Revised. -- Zero. 


‘Data are rounded to no more than three significant digits, except unit value; may not add to totals shown. 
"Less then % unit. 
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TABLE 15 
RECYCLED CONCRETE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE! 


2009 2010 
LP мылы зы - 2 эе о RR 
Quantity Quantity 
(thousand Value Unit (thousand Value Unit 


State metric tons) (thousands) value metric tons) (thousands) value 
Alabama 51 $377 $7.34 | (2) $1 $8.17 


Alaska 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
Florida 
Georgia 


Hawaii 
Idaho 
Illinois 


Indiana 


lowa 


Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 


Mississippi 
Missouri 
Montana 
Nebraska 
Nevada 

New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 


Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 

Utah 
Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 


Wyoming 
U.S. total or average 
See footnotes at end of table. 
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26 


58 
13,100 " 


149 
6,750 
1,890 

102 
5,680 
1,360 
1,940 

339 


103,000 * 


4.76 
7.00 
4.53 
7.94 
6.94 
8.01 
11.02 
11.40 
3.29 
9.64 
6.05 
7.50 
5.43 
8.39 
7.49 
9.92 
10.21 
7.53 
5.21 
8.39 
7.13 
6.25 
21.85 
4.37 
7.97 
9.19 
5.98 
8.87 
8.11 
1.10 
7.74 
12.86 
11.23 
6.60 
13.14 
8.76 
5.83 
7.48 
16.79 
4.89 
6.02 
7.86 
8.45 
4.59 
9.01 
6.31 
5.24 
5.86 
7.87 


61 
25 


1,710 
14 
13,400 


300 
269 
60 
20,900 
3,710 
647 
598 
3,400 
2,020 
70 
1,090 
5,720 


273 
2,340 
20 
6,010 
1,740 
9,160 
77 
98,600 


4.96 
10.71 
2.20 
7.31 
6.38 
7.07 
5.51 
11.19 
20.34 
12.23 
6.00 
6.85 
7.54 
4.88 
6.80 
17.75 
7.68 
4.53 
9.42 
6.66 
7.44 


14.96 


8.76 
8.34 
8.38 
6.02 
9.07 
6.97 
7.71 
8.28 
11.22 
11.43 
6.81 
11.99 
10.44 
4.94 
6.91 
15.07 
5.85 
4.41 
7.96 
8.37 
5.38 
8.91 
5.67 
5.36 
5.53 
7.33 


71.25 


TABLE 15—Continued 
RECYCLED CONCRETE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE! 


| 2009 2010 
SR Е RES NE 
Quantity Quantity 
(thousand 


Unit (thousand Value Unit 
State metric tons) (thousands) value metric tons) (thousands) value 
Territory 
Puerto Rico 


Grand total or average 13,100 ' $103,000 ' 
‘Revised. -- Zero. 


Value 


$7.87 13,400 $98,600 $7.33 
'Data are rounded to no more than three significant digits, except unit value; may not add to totals shown. 
?Less then 5 unit. 
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TABLE 16 


CRUSHED AND BROKEN STONE OPERATIONS IN THE UNITED STATES IN 2010, BY STATE! 


ee и, 


Alaska 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
Florida 
Georgia 
Hawaii 


Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 
Nevada 

New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 

Utah 

Vermont 
Virginia 
Washington 
West Virginia 


Wisconsin 


Active 
operations 


Processing plants 


1 


сл 


| Active Dredging Stationary None or 
State quarries operations Stationary Portable and portable unspecified yards 
Alabama 84 72 - 57 8 4 3 12 
29 35 - 4 18 1 5 
65 67 -- 28 26 5 2 
81 79 - 37 29 7 5 
168 151 І 78 41 11 9 
53 47 -- 13 26 І 5 
35 33 = 19 12 1 1 
4 zd " - = » 22 
121 99 2 38 41 10 4 
91 81 = 70 7 -- 3 
24 25 - 8 13 3 -- 
48 77 -- 9 31 1 7 
158 135 1 75 46 7 5 
102 95 - 82 4 3 5 
180 210 1 27 137 1 11 
79 93 -- 22 44 6 2 
90 89 - 70 9 9 1 
20 4 -. 2 | 1 -- 
27 23 - 13 5 3 2 
43 31 Е 20 3 2 5 
50 46 - 28 11 3 3 
43 36 -- 22 7 1 1 
46 51 -- 12 23 1 4 
24 6 - 4 І І = 
217 222 - 11 80 12 11 
26 42 -- 7 19 -- -- 
14 11 1 7 3 = = 
27 27 -- 18 8 -- - 
29 27 - 14 7 2 4 
25 21 -- 15 E 6 x 
48 48 -- 12 27 4 4 
131 126 1 85 26 9 4 
137 119 - 102 11 3 2 
9 6 -- - 6 = Е 
117 106 -- 71 23 7 3 
72 71 == 51 9 3 6 
175 189 -- 46 115 4 6 
261 261 -- 186 29 14 23 
8 6 - 6 - = * 
44 32 -- 30 1 = 
16 13 - 8 3 2 E 
130 127 - 111 11 2 2 
258 262 is 127 69 13 18 
36 36 - 11 18 X Р 
44 43 ~- 17 18 4 қ 
121 103 - 82 8 6 у 
119 135 - 38 55 | 19 
36 32 - 25 2 2 | 
160 221 - 47 87 5 13 
28 26 - 7 18 : 
3,953 3,897 7 1,972 1,196 190 209 


"Includes recycle plants. 
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TABLE 17 
U.S. EXPORTS OF CRUSHED STONE IN 2010, BY DESTINATION! 


Limestone 


for cement Chalk, Granules, 
Destination Limestone manufacturing crude chippings Other Total 
North America metric tons 49,300 647,000 418 93,800 365,000 1,160,000 
South America do. 217 18 2 1,800 694 2,730 
Europe do. 2,310 2,070 166 841 27,400 32,800 
Asia do. 46 518 91 162 7,510 8330 
Oceania do. 3,040 -- 25 19 783 3,870 
Middle East do. 1,040 72 -- 2,570 5,310 8,090 
Africa do. -- -- -- 4 76 80 
Total: 
Quantity do. 55,900 649,000 701 99,200 407,000 1,210,000 


rE Y 095 
Value thousands $2,550 $14,000 $1 $13,800 $21,700 $52,100 
яни 


1 "T E 
Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 


TABLE 18 
U.S. IMPORTS OF CRUSHED STONE AND CALCIUM CARBONATE FINES, BY ТҮРЕ! 


MEM — — LN 
а И eee 
EROR o P ERR 


Quantity Quantity 

(thousand) Value, c.i.f? Unit . (thousand) Value, c.i.f? Unit 

Type metric tons) (thousands) value metric tons) (thousands) ү 
_Limestone ооо 3,900 $36,900 $9.45 8,900 $74,700 $8.39 
_ Limestone for flux or cement manufacturing — 1,040 9,490 9.15 940 12,300 13.11 
хас 7,260 125,000 17.21 4,710 98600 — 205, 
__ Total oraverage ~~~ 12,200 171,000 XX 14,500 184,000 и: 
_Natural chalk — 25 T TS | 00 1294 
Calcium carbonates, other chalk 2 1,600 930.30 | 1,210 — 935.23 
Total or average L1... 26 . 2900 X Xxx 7 —* 513 10 = 


Е СЕВА еа —————À c. 2090 XX ____ 2 м 
Grand total or average 12.200 174.000 XX 14,600 185,000 —— = 

XX Not applicable. | 

| Dok 


Source: U.S. Census Bureau. 
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TABLE 19 
THE TOP 100 PRODUCERS OF CRUSHED STONE IN THE UNITED STATES IN 2010! 
= 2010 2009 2010 2009 
Вапк Rank Company Rank Rank Company 
To | I Vulcan Materials Co. 51 73 The DePaul Group 
ЕТЕ 2 2 Martin Marietta Aggregates 52 59 Mathy Construction Co. 
" | 3 3 Lehigh Hanson, Inc. 53 56 Тһе Heritage Group 
ii 4 4 Oldcastle Materials, Inc. 54 54 Aggregate Management, Inc. 
7 5 6 Lafarge North America Inc. 55 58 Trap Rock Industries, Inc. 
a 6 5 — CEMEXSA.B. de СМ. 56 48 Great Lakes Aggregates Inc. 
D 7 9  Carmeuse Lime & Stone 57 70 МОО Aggregates, Inc. 
jl 8 7 Rogers Group, Inc. 58 40 Omya Inc. 
| 9 8 Holcim Group/Aggregate Industries Management Inc. 59 74 . ‘Imerys 
mE 10 10 — New Enterprise Stone & Lime Co., Inc. 60 76 The Melvin Stone Co. 
йй : 11 12 Luck Stone Corp. 61 67 Wendling Quarries Inc. 
ІЛЕ 12 13 Dolese Bros. Co. 62 88 Snyder Associated Cos., Inc. 
71522 13 15 Ash Grove Cement Co. 63 63 Alamo Cement Co. 
14 17 Mulzer Crushed Stone, Inc. 64 55 Hinkle Contracting Corp. 
15 11 Lhoist S.A. 65 72 United States Lime & Minerals, Inc. 
16 16 | Ready Mix USA Holding Со. 66 92 Chantilly Crushed Stone, Inc. 
17 19 Texas Industries, Inc. 67 86 ^ Laurel Aggregates, Inc. 
18 21 National Lime & Stone Co. 68 65 RiverStone Group, Inc. 
19 20 Eucon Corp. 69 60 Pete Lien & Sons, Inc. 
20 22 MDU Resources Group, Inc. 70 87 Votorantim Cement North America 
21 23 The H&K Group 71 — Savage Stone, LLC 
22 24 Buzzi Unicem USA Inc. 72 95 Weldon Materials, Inc. 
23 18 Fred Weber, Inc. 73 62 Columbia Quarry Co. 
24 26 Mississippi Lime Co. 74 61 ISP Minerals Inc. 
25 25 Vecellio & Grogan, Inc. 75 97 Frontera Materials, Inc. 
26 27 Tower Rock Stone Co. 76 I4 U.S. Forest Service 
27 36 Capitol Aggregates Ltd. 77 64 Stavola Construction Materials, Inc. 
28 30 Graymont Ltd. 78 69 Granite Construction Inc. 
29 29 Eagle Materials Inc. 79 83 Graniterock Co. 
30 31 Texas Crushed Stone Co., Inc. 80 89 Kerford Limestone Co. 
udi 31 34 . Colas Inc. 81 84 — Pounding Mill Quarry Corp. 
= 32 47 Titan America LLC 82 —  Rockydale Quarries Corp. 
:: 33 33 Franklin Industries, Inc. 83 85 М.Е. Hamm Quarry, Inc. 
| ; 34 37 ESSROC Cement Corp. 84 — VantaCore Partners LP 
— 35 42 Glenn О. Hawbaker, Inc. 85 90 B.V. Hedrick Gravel & Sand Co., Inc. 
T 36 41 Wake Stone Corp. 86 9] River Products Co., Inc. 
37 32 . Boxley Materials Co. 87 82 Mitsubishi Cement Corp. 
| | 38 44 CalPortland Со. 88 99 Mertens Construction Co., Inc. 
2 39 38 3МСо. 89 75 Syar Industries, Inc. 
/ 40 28 Bureau of Land Management 90 78 ЈоБе Materials, L.P. 
4] 43 Hunter Industries, Inc. 9I — Yager Materials 
42 39 American Infrastructure 92 — Г.С. Everist, Inc. 
р 43 50 McGeorge Contracting Co. 93 80 | Midwest Minerals, Inc. 
/ 44 46 Hoover, Inc. 94 — East Fairfield Coal Co. 
; 45 52 Anchor Stone Co. 95 — Peckham Industries, Inc. 
46 57 . Norris Aggregate Products Co. 96 100 Glasgow, Inc. 
47 45 Schildberg Construction Co., Inc. 97 96 Paul Niemann Construction Co, 
48 68 Greer Industries, Inc. 98 — Sherwood Construction Co., Inc. 
49 53 The Kraemer Co. 99 94 BMC Aggregates, L.C. 
50 49 Irving Materials, Inc. 100 — Albert Frei & Sons, Inc. 


— Not in the top 100 producers of crushed stone in the United States in 2009. 


Па descending order of tonnage produced. 
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STONE, DIMENSION 
By Thomas P. Dolley 


Domestic survey data and tables were prepared by Glenn W. Walker, statistical assistant. 


U.S. production of dimension stone in 2010 was estimated to 
be 1.67 million metric tons (Mt) valued at $323 million, which 
was a 3% increase in tonnage and a slight decrease in value 
compared with those of 2009 (table 1). Exports increased in 
value by 13% to $54.5 million, and imports for consumption 
increased in value by 1194 to $1.5 billion. The value of apparent 
consumption was estimated to be $1.8 billion in 2010, which 
was a 12% increase compared with that of 2009. World 
dimension stone production, including the United States, was 
estimated to be approximately 107 Mt in 2009, the last year for 
which data were available. Trade data in this report are from 
the U.S. Census Bureau. All percentages in the report were 
computed using unrounded data. 

In recent years, most dimension stone has been used in 
construction applications, with the largest portions being sold or 
used as ashlars and partially squared pieces, curbing, flagstone, 
and rough block for building and construction. Monumental 
stone, another major type, includes memorials of various kinds. 

Dimension stone is a natural rock material quarried for the 
purpose of obtaining blocks or slabs that meet specifications as 
to size (width, length, and thickness) and shape. Color, grain 
texture and pattern, and surface finish of the stone also are 
normal requirements by both customers and the stone industry. 
Durability (a time measure of the ability of dimension stone to 
endure and maintain its essential and distinctive characteristics), 
strength, and the ability of the stone to take a polish are other 
important selection criteria. 

Although various igneous, metamorphic, and sedimentary 
rocks are used as dimension stone, the principal rock types are 
granite, limestone, marble, sandstone, and slate. Other varieties 
of dimension stone that are normally considered to be special 
minor types include alabaster (massive gypsum) and soapstone 
(massive talc). A more detailed discussion describing specific 
types of dimension stone can be found in the 2007 dimension 
Stone Minerals Yearbook chapter. 


Production 


Dimension stone production data for the United States 
are derived by the U.S. Geological Survey (USGS) from a 
voluntary canvass of U.S. quarry producers of rough and 
dressed dimension stone. Of the 237 dimension stone-producing 
operations included in the survey for 2010, 173 (53%) 
responded, which represented 58% of the tonnage; the 
remaining tonnage was estimated based on prior years' reporting 
and on employment data provided by the Mine Safety and 
Health Administration (MSHA). 
. Data in this report cover rough crude quarried stone, 
irregular-shaped and rectangular blocks, and more highly 
processed stone. A number of other terms also are used to 
describe further processing, such as “worked,” “dressed,” 
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"finished," and “manufactured.” These and other terms used 
by the dimension stone industry describe such features as the 
mineral composition of the rock, the shape of the product, the 
method of finishing a stone, and the type of finish applied. No 
adjustments are made in the data to account for the sometimes 
substantial losses in processing rough stone into dressed stone. 
Sold or used data are considered to be equivalent to production 
because changes in stocks are not surveyed. 

In October, Rock of Ages Corp. was purchased by Swenson 
Granite Co. for about $38.9 million (Reuters, 2010). In 
November, the Yule Marble Quarry in Marble, CO, resumed 
operations after a 10-month closure that was the result of 
the recession and escalating transportation costs. The quarry 
reopened after Polycor Inc. sold the underground quarry to 
Enrico Locati Luciani of Carrara, Italy, in October (KOAA 
Colorado Springs News, 2011). 

In 2010, granite accounted for 699,000 metric tons (t) 

(42%) of the total domestic dimension stone production of 
1.67 Mt, followed by limestone (27%), miscellaneous stone 
(14%), sandstone (14%), marble (294), and slate (196). Granite 
accounted for about $118 million (3696) of the $323 million 
total domestic production value, followed by limestone (32%), 
miscellaneous (14%), sandstone (10%), slate (4%), and marble 
(4%). 

Production of dimension stone was reported in 37 States. 
Leading producer States were, in descending order by tonnage, 
Georgia, Texas, Indiana, and Wisconsin. These States accounted 
for about 46% of domestic production. Leading producer States 
were, in descending order by value, Texas, Indiana, New York, 
Georgia, and Wisconsin. These States contributed about 50% of 
the value of domestic production (table 3). 

The top five producing companies were Champlain Stone, 
Ltd. in New York, Cold Spring Granite Co. in Minnesota, Dixie 
Quarries Inc. in Georgia, Mezger Enterprises Inc. in Texas, and 
Victor Oolitic Stone Co. in Indiana. These companies produced 
about 35% of domestic production in tonnage and about 21% of 
production value. The leading 14 companies accounted for 58% 
of total domestically produced tonnage and 44% of the value, 

Rough stone blocks split or cut from a quarry face are 
transported to processing plants that typically are located at the 
quarry site, at least for preliminary sizing. Further dressing, 
which includes final sizing and finishing operations, such as 
decorating, edging, and polishing, also may be done at the 
quarry site. 

Granite. —Dimension granite was produced by 44 companies 
operating 69 quarries in 15 States. Production was 699,000 t 
valued at $118 million. Granite production tonnage increased by 
49% and the value increased by about 6% compared with those 
of 2009. The top five producing States were, in descending order 
by tonnage, Georgia, Massachusetts, North Carolina, Vermont, 


and New York. The leading producer State, Georgia, accounted 
for 35% of the tonnage and 14% of the value of U.S. granite 
production (table 4). 

Champlain Stone Ltd., Cold Spring Granite Co., Dixie 
Quarries Inc., Swenson Granite Co. LLC, and Williams Stone 
Co. Inc., which were the leading producers, accounted for 71% 
of U.S. granite production by tonnage and 62% of U.S. granite 
production by value. 

Limestone.—Dimension limestone was produced by 42 
companies from 47 quarries in 12 States. Production decreased 
in 2010 by about 1796 to 454,000 t from 548,000 t in 2009. 
The value decreased by 2% to $104 million in 2010 from 
$106 million in 2009. The top four producing States were, 
in descending order by tonnage, Texas, Indiana, Kansas, and 
Minnesota which combined produced 9096 of the U.S. tonnage 
and 94% of the value (table 5). Buechel Stone Corp., Eden 
Stone Co. Inc., Higgins Stone Co. Inc., Mezger Enterprises, and 
Victor Oolitic Stone Co., which were the leading producers, 
accounted for about 7496 of all U.S. limestone tonnage and 
about 4196 of the value. 

Sandstone.—Dimension sandstone was produced by 55 
companies that operated 68 quarries in 18 States. Production 
decreased Бу 8% to 228,000 t in 2010 from 248,000 t in 2009. 
The value decreased by 9% to $33.2 million in 2010 from 
$36.7 million in 2009. The top five producing States were, in 
descending order by tonnage, Arizona, Oklahoma, Pennsylvania, 
Ohio, and New York (table 6). | 

Briar Hill Stone Co., Cornerstone Materials LLC, Drake 
Stone Products Inc., Harley Gray Stone Co., and Jude Stone 
Quarry Inc., which were the leading producers, accounted for 
about 43% of the tonnage and 38% of the value of domestic 
production. 

Marble.—Marble was mined by three companies that 
operated four quarries in three States. Production tonnage 
decreased by 12% in 2010 to 31,100 t valued at $12.1 million 
from 35,300 t valued at $12.8 million in 2009 (table 10). 
Georgia was the leading producing State, followed by Vermont 
and Tennessee. The leading producers were Georgia Marble Co. 
(a subsidiary of Polycor Inc.) and Vermont Quarries Corp. 

Slate.—Slate was produced by 18 companies that operated 19 
quarries in 7 States. Production increased by 6% to 22,900 t 
in 2010 from 21,600 t in 2009. The value increased slightly 
to $14.2 million in 2010 from $14 million in 2009 (table 12). 
The top producing States were Vermont, Virginia, and North 
Carolina. The leading producers were Buckingham Slate Co., 
Newmont Slate Co., Inc., and Western Slate Inc. 


Consumption 


For the purposes of this report, apparent consumption is 
calculated to be production plus imports for consumption 
minus exports; changes in industry stocks are not considered 
because such data are not available. Value data are used in the 
apparent consumption calculation because tonnage data are not 
available for imports and exports. Overall, the value of apparent 
consumption of dimension stone in the United States was 
estimated to be $1.8 billion in 2010; this was a 1294 increase 
compared with that of 2009. | 
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Rough stone represented about 63% of the tonnage and 42% 
of the value of all dimension stone sold or used by domestic 
producers, which included exports. The leading uses of rough 
stone, by tonnage, were in irregular-shaped stone (45%), and 
in building and construction (36%). Dressed stone represented 
37% by tonnage and 58% by value of the total stone sold or 
used. The leading uses within dressed stone, by tonnage, werein 
curbing (26%); ashlars and partially squared pieces (23%); and 
flagging (1896) (table 7). 

Uses for the different varieties of dimension stone varied 
considerably. The major uses of granite sold or used in 2010, 
by tonnage, were in irregular-shaped stone (37%), curbing 
(22%), rough blocks for building and construction (15%), 
and monumental rough stone (13%) (table 8). Primary uses 
of limestone, by tonnage, were in rough blocks for building 
and construction (37%), and in dressed stone for ashlars and 
partially squared pieces (2496) (table 9). The primary use of 
marble, by tonnage, was in rough stone, other uses (including 
slabs and blocks, flagging, monumental, panels and veneer, 
ashlars and partially squared pieces, tile, and unlisted uses) 
(81%) (table 10). Primary uses of sandstone, by tonnage, were 
in dressed stone for flagging (35%), and in rough blocks for 
building and construction (25%) (table 11). Dimension slate sold 
or used by producers in the United States in 2010, by tonnage, 
was principally for roofing (81%), flagging (10%), and floonng 
(4%) (table 12). 


Prices 


The average 2010 value for dimension stone was $193 per 
metric ton, a 4% decrease from that of 2009 based on the USGS 
canvass data. The average unit values for different types of 
dimension stone were granite, $168 per ton; limestone, $230 per 
ton; marble, $388 per ton; sandstone, $145 per ton, and slate, 
$621 per ton. Available price data show considerable variation. 
Prices are substantially different not only for the kind of stone, 
but also for the appearance of the same kind of stone. Color, 
grain structure, and finish contribute significantly to price an 
marketability. 


Foreign Trade 


Exports.—In 2010, the value of total exports Dmm 
stone increased by 13% in value to $54.5 million ou у 
that of 2009; granite accounted for 56% of the export val. 
largest share of granite was exported to China rUS. 
(table 13). Although unreported, a significant A pk 
granite processed overseas was probably exported bac 
U.S. market. 

Imports.—The value of imports for cons 
dimension stone types increased by 11% 1 

table 1). Brazil was the leading source oF !Imp* ; 
О, оваа for 43% by value. China, which ms 
to be a major source of granite, accounted for 22% 5 A 
imports by value. Other important granite И О China 
included India (14%) and Italy (13%) (table 15) „а marble 
continued to be a major source of rough and ae y, by value 
imports and accounted for 29% by tonnage a й dresse 
Additionally, Italy was a major source of rough an 
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marble imports and accounted for 20% by tonnage and 32% by 
value (tables 15—16). Duties on imported dimension stone are 


listed in table 2. 


World Review 


World dimension stone production, including the United 
States, was estimated to be approximately 107 Mt in 2009, the 
last year for which data were available. Although there was 
probably some small-scale production in the majority of the 
world's nations, dimension stone was produced and officially 
reported in about 29 countries. The top five producing countries 
in 2009 were, in descending order by tonnage, China, India, 
Turkey, Iran, and Italy, and these countries accounted for about 
7196 ofthe world's production. Global production of dimension 
stone was unchanged in 2009 compared with that of 2008. The 
United States ranked 10th in world production of dimension 
stone in 2009 (Napoli, 2011, p. 51). 


Outlook 


0.5. apparent consumption, production, exports, and imports 
of dimension stone all increased in 2010, but at different 
rates. Increases in U.S. imports and apparent consumption, 
coupled with increased activity from domestic stone 
installation businesses, indicate that residential and commercial 
improvement and refurbishment experienced increased activity. 
Industry observers anticipate slow growth in the global 
dimension stone industry in the near term (Napoli, 2011). 
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TABLE 1 
SALIENT U.S. DIMENSION STONE STATISTICS! 


(Thousand metric tons and thousand dollars) 


NEN 2006 2007 2008 2009 2010 
Sold or used by producers: 
Quantity 1,850 1,920 1,800 1,620 1,670 
Value 334,000 346,000 326,000 328,000 323,000 
Exports, value 76,000 74,300 65,700 48,300 54,500 
Imports for consumption, value ` 2,500,000 2,540,000 2,150,000 1,350,000 1,500,000 


' Data are rounded to no more than three significant digits. 
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TABLE2 
U.S. IMPORT DUTIES ON DIMENSION STONE 


NTR/ Non-NTR/ 
Tariff item HTS! code January 1, 2010 January 1, 2010 
Slate, rough blocks or slabs 2514.00.0000 Free 2596 ad valorem. 
Rough blocks or slabs of marble, travertine, other calcareous 
monumental or building stone: 2515.00.0000 
Marble and travertine: 
Crude or roughly trimmed 2515.11.0000 Free $22.95 per cubic meter. 
Marble, merely cut 2515.12.1000 do. 13% ad valorem. 
Travertine, merely cut 2515.12.2000 3.0% ad valorem 50% ad valorem. 
Other calcareous stone alabaster 2515.20.0000 do. Do. 
Rough blocks or slabs of granite, porphyry, basalt, sandstone, 
other monumental or building stone: 2516.00.0000 
Granite: 
Crude or roughly trimmed 2516.11.0000 Free $8.83 per cubic meter. 
Merely cut 2516.12.0000 2.8% ad valorem 60% ad valorem. 
Sandstone: 
Crude or roughly trimmed 2516.20.1000 Free $5.30 per cubic meter. 
Merely cut 2516.20.2000 3.0% ad valorem 50% ad valorem. 
Other monumental or building stone 2516.90.0000 do. Do. 
Setts, curbstones, flagstones 6801.00.0000 2.8% ad valorem 60% ad valorem. 
Worked monumental or building stone: 6802.00.0000 
Tiles and cubes under 7 centimeters square, granules 6802.10.0000 4.8% ad valorem 40% ad valorem. 
Other stone and articles with a flat or even surface: 
Marble, travertine, and alabaster: 6802.21.0000 


Travertine 6802.21.1000 4.2% ad valorem 50% ad valorem. 
—— AT 6802.21.1000 4.2% ad valorem 50% ад valorem. | 

Other 6802.21.5000 1.9% ad valorem 13% ad valorem. 
--- 6802.21.5000  1.99&advalorem 13% ад valorem. | 


Granite 6802.23.0000 3.7% ad valorem 60% ad valorem. 
Other calcareous stone 6802.29.1000 4.9% ad valorem 50% ad valorem. 
Other stone 6802.29.9000 6.0% ad valorem 30% ad valorem. 
Other: 
Marble, travertine, and alabaster: 6802.91.0000 
Marble: 


а а, 
SS 6802.91.0500 2.5% ad valorem 15% ad valorem. 

атқа 522 аар а reU Ee NE. САН АНА Rena a ge ee, О ОА кы шлш. 
Other 6802.91.1500 4.9% ad valorem 50% ad valorem. 

ENNIO UE IO ALI LI CM M к АА А ока М ме 


Travertine: 
Travertine articles of subheading 6802.21.1000 that have 
been dressed or polished, but not further worked 6802.91.2000 4.2% ad valorem 50% ad valorem. 
Other 6802.91.2500 3.7% ad valorem 40% ad valorem. ___ 
ERN C и C nr а o me 50% ad valorem. 


Other calcareous stone 6802.92.0000 4.9% ad valorem Do. 
6802920000 4.9% ad valorem Do. 
Granite 6802.93.0000 3.7% ad valorem 60% ad valorem. 


Other stone 6802.99.0000 6.5% ad valorem 40% ad valorem. 
Worked slate and articles: 


6803.00.0000 


Orked sate and асе: Т 6803.00.00 
Roofing slate 6803.00.1000 3.3% ad valorem 25% ad valorem. 
Ohe о 


aUe туз mM 6803.00.5000 Free Do. 
Do., do. Ditto. ке se ~ 


! Harmonized Tariff Schedule of the United States. 


*Normal trade relations. 


300 
72.4 RALS YEARBOOK 


U.S. GEOLOGICAL SURVEY MINE 


D» 


STONE, DIMENSION—2010 


DIMENSION STONE SOLD OR USED BY PRODUCERS IN 
THE UNITED STATES, BY STATE! 


State 
Alabama 
Arizona 
Arkansas 
California 
Colorado 
Georgia 
Idaho 
Indiana 
Kansas 
Maine 
Maryland 
Massachusetts 
Minnesota 
Montana 
New Hampshire 
New Mexico 
New York 
North Carolina 
Oklahoma 
Pennsylvania 
South Carolina 
Texas 
Utah 
Vermont 
Virginia 
Wisconsin 


Other? 
Total 


TABLE 3 


2009 
Quantity Value 
(metric tons) (thousands) 
4,020 $1,460 
94,500 13,800 
18,300 2,360 
24,500 6,100 
9,610 ' 3,040 ' 
148,000 ' 15,800 ' 
25,200 3,370 
206,000 41,500 
29,200 4,650 
5,800 1,300 
W W 
43,800 6,130 
25,100 16,700 
W W 
34,800 4,880 
32,300 986 
98,600 ' 28,400 ' 
66,500 ' 23,400 ' 
25,800 4,790 
35,700! 4,400 " 
36,700 9,500 
3,390 401 
236,000 42,000 
8,700 844 
108,000 30,000 
W W 
207,000 29,800 
94,600 33,400 
1,620,000 328,000 


2010 
Quantity Value 

(metric tons) (thousands) 
W W 
81,400 $11,700 
19,800 1,600 
26,100 6,940 
7,530 1,740 
264,000 25,500 
25,100 3,520 
173,000 31,400 
46,600 4,720 
8,000 1,250 
7,560 1,630 
73,300 21,700 
34,700 15,400 
11,000 2,950 
W W 

W W 
95,600 26,000 
63,000 21,800 
25,100 4,440 
29,700 2,750 
25,200 5,860 
W W 
195,000 57,000 
8,700 674 
68,400 21,900 
13,700 3,920 
144,000 2,320 
223,000 46,300 
1,670,000 323,000 


‘Revised. W Withheld to avoid disclosing company proprietary data; included in “Other.” 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes Alabama (2010), Connecticut, Illinois, Maryland (2009), Michigan, Missouri, 
Montana (2009), Nevada, New Hampshire (2010), New Mexico (2010), 


South Carolina (2010), South Dakota, Tennessee, Virginia (2009), Washington, 
West Virginia, and Wyoming. 


72.5 


72.6 


TABLE 4 


DIMENSION GRANITE SOLD OR USED BY PRODUCERS IN 


THE UNITED STATES, BY 5ТАТЕ! 


2009 2010 
Quantity Value Quantity Value 

State (metric tons) (thousands) (metric tons) (thousands) 
California 13,300 $3,330 14,700 $4,230 
Georgia 135,000 ' 10,200 ' 244,000 16,900 
Maine 5,800 1,300 8,000 1,250 
Massachusetts 34,900 4,760 69,600 20,600 
New Hampshire 34,800 4,880 W W 
New York W W 28,900 13,100 
North Carolina 54,300 " 22,100 * 52,800 20,800 
South Carolina 3,390 401 W W 
Vermont 82,000 19,100 41,400 9,390 
Other? 105,000 45,300 239,000 31,500 
Total 469,000 111,000 699,000 118,000 


‘Revised. W Withheld to avoid disclosing company proprietary data; included in 


*Other." 


‘Data are rounded to no more than three significant digits; may not add to totals 


shown. 


"Includes Maryland, Minnesota, Missouri, New Hampshire (2009), 


New York (2009), Oklahoma, South Carolina (2009), South Dakota, Texas, 


Virginia, and Wisconsin. 


TABLE 5 


DIMENSION LIMESTONE SOLD OR USED BY PRODUCERS IN 


THE UNITED STATES, BY STATE! 


2009 2010 

Quantity Value Quantity Value 
State (metric tons) (thousands) (metric tons) (thousands) 
Arkansas 885 $98 W W 
Indiana 206,000 41,500 173,000 $31,400 
Капѕа5 W W 45,500 4,540 
Minnesota —— W уу 9,740 7,340 
Texas | (0 223,000 39,500 182,000 54,500 
Wisconsin 49,100 4,730 W W 
Other? 69,200 20,400 44.000 6,600 
. Total 548,000 106,000 454,000 104,000 


W Withheld to avoid disclosing company proprietary data; included in “Other.” 


| 
Data are rounded to по more than three si gnificant digits; may not add to 


totals shown. 


2 
Includes Alabama, Arkansas (2010), California, Illinois, Kansas (2009), 


Maryland, Minnesota (2009), New York, Ohio, Pennsylvania, and 
Wisconsin. 
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TABLE 6 


DIMENSION SANDSTONE SOLD OR USED BY PRODUCERS IN 


State 
Arizona 
Arkansas 
Colorado 
New York 
Ohio 
Oklahoma 
Pennsylvania 
Other? 
_ Total 


THE UNITED STATES, BY STATE! 


2009 2010 


Quantity Value Quantity Value 


(metric tons) (thousands) (metric tons) (thousands) 


94,500 $13,800 81,400 $11,700 

17,400 2,260 9,860 1,470 

Му W 7,530 1,740 

15,900 3,350 12,400 2,200 

i 20,900 4,540 17,200 4,100 
23,500 ' 3,060 ' 29,700 2,750 

19,300 2,370 18,100 3,770 

56,800 ' 7,260 ' 52,000 5.430 

248,000 36,700 228,000 33,200 


‘Revised. W Withheld to avoid disclosing company proprietary data; included in “Other.” 
"Data are rounded to no more than three significant digits; may not add to 


totals shown. 


"Includes California, Colorado (2009), Idaho, Kansas, Michigan, North Carolina, Texas, 
Utah, West Virginia, and Wisconsin. 


TABLE 7 


DIMENSION STONE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE! 


2009 2010 
Quantity Value Quantity Value 
Use (metric tons) (thousands) (metric tons) (thousands) 
Rough stone: 
Rough blocks for building and construction 402,000 $64,900 378,000 $66,800 
Irregular-shaped stone 259,000 27,800 475,000 25,300 
Monumental 164,000 30,600 113,000 22,900 
Other? 26,900 7,310 89,500 19,400 
Dressed stone: 

Ashlars and partially squared pieces m 185,000 42,200 144,000 30,500 
Slabs and blocks for building and construction 66,500 22,000 58,800 36,700 
Monumental 26,900 [2,800 25,600 10,900 
Curbing 145,000 19,300 162,000 32,400 
Flagging 115,000 14,900 108,000 13,600 
Flagging (slate) 3,640 2,270 2,380 903 
Panels and veneer W W 43,500 36,400 
Roofing slate 15,800 9,160 18,700 11,300 
Flooring slate 640 933 1,180 1,920 
Tile, all dimensions W W 2,200 2,050 
Other" 206,000 73,700 48,000 12,200 
Total 1,620,000 328,000 1,670,000 323,000 


W Withheld to avoid disclosing company proprietary data; included in “Other.” 

'Data are rounded to no more than three significant digits; may not add to totals shown. 
Includes flagging stone, exports, uses not specified, and uses not listed. 

*Includes panels and veneer, blackboards, exports, uses not specified, structural and sanitary, and uses not listed. 
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TABLE 8 
DIMENSION GRANITE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE 


2009 2010 
Quantity Value Quantity Value 
Use (metric tons) (thousands) (metric tons) (thousands) 
Rough stone: 
Rough blocks for building and construction 84,000 $16,600 103,000 $26,500 
Irregular-shaped stone 13,800 1,060 261,000 756 
Monumental 133,000 24,100 93,700 15,800 
Other 33,600 6,310 38,000 7,440 
Dressed stone: 
Ashlars and partially squared pieces 12,100 3,910 8,630 2,550 
Slabs and blocks for building and construction 920 1,090 1,200 883 
Monumental 26,900 12,700 25,500 10,900 
Curbing 138,000 18,500 154,000 31,600 
Other’ 27,100 27,000 14,300 21,300 
Total 469,000 111,000 699,000 118,000 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes exports and uses not listed. 


3 Includes panels and veneer, tile, uses not specified, and uses not listed. 


TABLE 9 
DIMENSION LIMESTONE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE 


ааа аьа ЕЕЕ ІЕЕ ас 


2009 2010 
Quantity Value Quantity Value 
Use (metric tons) (thousands) (metric tons) (thousands) 


ее . .  .  (metrictons) (thousands) (metric tons) (thousands) 
Rough stone: . 


_ Rough blocks for building and construction —— 200,000 833,500 170,000 527,100 

_ megular-shapedstone ||| 115,000 10,100 101,000 8,810 
Other" 4,790 1,820 10,400 4,930 

Dressed stone: о о 

_ Ashlarsandpartiallp squared pieces 133,000 28,200 107,000 19,800 

 Slabs and blocks for building and construction | 28,600 10,100 25,400 25,300 

EL ао 11,100 2,170 5,910 1,190 
Panels veneer W W 21,700 12,100 
Total 548, 000 106, 000 454,000 104,000 


W Withheld to avoid disclosing company proprietary data; included in “Other.” 


‘Data are rounded to по more than three significant digits; may not add to totals shown. 
"Includes exports, monumental, and uses not listed. 


"Includes curbing limestone, panels and veneer, tile, uses not specified, and uses not listed. 
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TABLE 10 
DIMENSION MARBLE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE"? 


ur = ee > 
ae RSS. c RR 


Quantity Value Quantity Value 
(бодь Use (metric tons) (thousands) (metric tons) (thousands) 
Roughstone: SSCS о 
iet _ Rough blocks for building and construction — ^ 9,610 $1,640 W W 
à ове о a a a a o 14,500 5,910 25,300 $8,460 
а Отезей зое о 11,200 5,260 үу w 
й Тоа 35,300 12,800 31,100 12,100 
Data аге rounded to no more than three significant digits; may not add to totals shown. 
И "Includes monumental stone, uses not specified, and uses not listed. 
іш "Includes slabs and blocks, flagging, monumental, panels and veneer, ashlars and partially squared pieces, tile, 
" and uses not listed, 
1% 
ТАВГЕ 11 
DIMENSION SANDSTONE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE! 
2009 2010 
Quantity Value Quantity Value 
Use (metric tons) (thousands) (metric tons) (thousands) 
Rough stone: 
~ Rough blocks for building and construction 67,100 $6,890 57,800 $5,940 
Irregular-shaped stone 37,800 5,590 25,100 2,910 
Other 17,000 3,270 20,400 4,240 
Dressed stone: 
Ashlars and partially squared pieces 21,400 4,080 18,800 3,870 
Flagging 79,200 9,360 80,900 9,180 
Panels and veneer 6,280 1,370 5,710 1,790 
7 Slabs and blocks for building and construction 3,880 871 2,910 1,280 
E Other? 15,700 5.220 16,600 3,990 
di Total 248,000 36,700 228,000 33,200 
i 'Data are rounded to no more than three significant digits; may not add to totals shown. 
| "Includes flagging stone and uses not listed. 


| *Includes tile, curbing, exports, uses not specified, and uses not listed. 


TABLE 12 
| 
! 
DIMENSION SLATE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE 


2009 2010 
Quantity Value Quantity Value 

Use (metric tons) (thousands) (metric tons) (thousands) 

Flagging 3,640 $2,270 2,380 $903 
Roofing 15,800 9,160 18,700 11,300 
Flooring 640 933 1,010 1,470 
Other 1,600 1,620 873 613 
Total 21,600 14,000 22,900 14,200 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


Includes structural and Sanitary purposes, uses not specified, and uses not listed. 
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TABLE 13 


U.S. EXPORTS OF DIMENSION STONE, BY TYPE! 


(Thousand metric tons and thousand dollars) 


Type 
Marble, travertine, alabaster worked" 
Marble, travertine, crude or roughly trimmed 


Marble, travertine, merely cut, by sawing or otherwise’ 
Granite, crude or roughly trimmed 


Granite, merely cut by sawing or otherwise’ 
Sandstone, crude or roughly trimmed 


Sandstone, merely cut, by sawing or otherwise’ 
Slate, worked and articles of slate 


Slate, whether or not roughly trimmed or merely сиё 


Other calcareous monumental or building stone; alabaster” 


Other monumental or building stone? 
Total 


МА Not available. XX Not applicable. 


2009 2010 Major destination 
Quantity Value Quantity Value in 2010: 
43 5,580 51 7,830 Canada, 37%. 
2 1,250 1 429 The Bahamas, 19%. 
4 2,010 2 1,650 Canada, 19%. 
67 20,800 77 25,200 China, 69%. 
8 3,310 19 5,420 China, 67%. 
МА МА МА МА МА. 
МА МА МА МА МА. 
МА 4,340 МА 2,850 Canada, 73%. 
NA 789 NA 475 Latvia, 37%. 
22 6,290 28 7,600 Canada, 89%. 
15 3,870 17 3,040 Canada, 78%. 
XX 48,300 ХХ 54,500 


| TNT 45% 
Data are rounded to no more than three significant digits; may not add to totals shown. 


Ву value. 
>Further worked than simply cut with a flat surface. 
“Blocks or slabs. 


5 hy 
Crude, roughly trimmed, or merely cut into blocks or slabs. Other than marble and travertine (includes alabaster). 


6 : ; | 
Crude, roughly trimmed, or merely cut into blocks ог slabs. Other than calcareous stone and alabaster, granite, sandstone, slate, 


dolomite, quartzite, and steatite. 


Source: U.S. Census Bureau. 
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TABLE 14 
U.S. IMPORTS FOR CONSUMPTION OF DIMENSION GRANITE, BY COUNTRY! 


(Thousand dollars) 


Dressed | 


Worked granite 
NU 


Cut to size 


Rough 


Simply 


Not cut 


Maximum 1.5 


1.5-7.5 


Monumental 
minimum 7.5 


Building 
minimum 7.5 


Total 


Total 


Country granite? cut to size” centimeters centimeters centimeters centimeters Other worked dressed 
2009: 


Argentina 192 3 83 zs 486 = == 21 590 593 
Brazil 722 2,660 60,200 3,410 184,000 67 3,010 30,400 281,000 284,000 
Canada 3,130 471 1,660 2,290 6,870 9,980 1,790 3,090 25,700 26,200 
China 1690 15,600 9,610 14,200 105,000 12,900 11,400 46,600 200,000 216,000 
Finland 10 55 = - 25 = ЗА 13 38 38 
India 5,430 4,140 13,300 2,140 49,100 8,930 2,390 15,500 91,300 95,500 
Italy 553 1,580 16,400 1,720 65,400 => 3,420 16,200 103,000 105,000 
Japan 2 Е 26 == 9 8 193 11 213 213 
Mexico 5 181 -- -- 83 -- 10 207 300 48] 
Norway 230 6 um 12 35 -- -- 16 63 69 
Portugal -- 24 20 45 139 == 37 223 464 488 
Saudi Arabia " E 2 ы 166 == 3 29 198 198 
South Africa 658 3 54 ы: 150 ч 4 24 232 235 
Spain 69 315 570 289 5.650 -- 31 811 7,350 7,670 
Zimbabwe 1,900 - A ы = E = х as ы 
Other 744 2,020 6,110 756 14,300 122 772 3,210 25,300 27,300 

Total 15,300 27,000 108,000 24,800 432,000 32,000 23,100 116,000 736,000 763,000 

2010: 

Argentina 43 ^ad 239 3 534 T с 221 994 994 
Brazil 133 2,070 87,900 3,050 268,000 = 6,040 47,000 412,000 414,000 
Canada 3,060 940 816 1,590 4,960 7,790 4,070 3,770 23,000 23,900 
China 1,890 11,200 12,500 9,080 107,000 14,700 11,300 49,600 204,000 215,000 
Finland = Еш - ~ 3 == 4 20 27 27 
India 7,550 2,2230 15,700 2,940 73,600 8,400 2,510 22,600 126,000 128,000 
Italy 336 2,560 16,500 1,830 77,900 48 2,440 19,600 118,000 121,000 
Japan EY 114 si - бы - -- 12 12 126 
Мехісо = 158 ха - 225 — 6 386 617 775 
Norway 336 13 s те 115 -- -- 23 138 151 
Portugal = 33 E 54 92 -- 2 111 259 292 
Saudi Arabia m 14 1,820 is 5,430 з 31 343 7,620 7,630 
South Africa 756 85 84 m 100 = 4 149 337 422 
Spain 21 399 1,350 298 6,450 -- 239 738 9,070 9,470 
Sweden 13 m " sc as -- -- -- =з = 
Zimbabwe Е - 2 M = E -- -- -- -- 
United Kindom 410 - 261 -- -- -- » 62 323 323 


Other 


492 


1,330 


5,310 


486 


15,200 


Data are rounded to no more than three significant digits; may not add to totals shown. 


Оле ог more faces worked more than simply cut. 


*Normal quarry products. Includes crude or roughly trimmed and roughly cut by sawing or otherwise; Harmonized Tariff Schedule of the United States 
~ codes 2516.11.0000, 2516.12.003 


0, and 2516.12.0060. 


Simply cut with a flat even surface; HTS code 6802.23.0000. 
"Only one face worked more than simply cut; HTS code 6802.93.0010. 


Source: U.S. Census Bureau. 
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? | 0000 


49 


767 


3,270 


25,100 


26,400 


сша БА 
Total 15000 21,00 142000 19200 559000 31000 27500 148,000 927000 949000 ” 
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TABLE 15 
U.S. IMPORTS FOR CONSUMPTION OF MAJOR CATEGORIES OF DIMENSION MARBLE AND OTHER CALCAREOUS 


STONE, BY COUNTRY! 
Dressed 
Marble, slabs? Marble, other? Other calcareous stone" Rough marble! 

Quantity Value Quantity Value Quantity Value ~ Quantity — Vale | 

2009: 
Brazil 1,680 $1,680 170 $193 715 $955 22 $36 
Canada 151 438 455 1,900 9,230 5.420 ] 3 
China 47,500 33,700 43,900 49,000 36,200 13,400 1,970 865 
France 37 185 185 609 5,710 10,500 3 7 
Greece 3,600 8,110 2,530 4,850 479 785 -- - 
India 3,830 3,700 2,120 3,580 3,850 2,700 6 19 
Israel 2,720 3,500 3,700 3,710 5.180 6,180 - - 
Italy 41,600 80,100 25,800 43,500 14,600 18,500 376 481 
Lebanon 4 3 524 991 469,000 5,650 22 12 
Мехїсо 393 468 2,070 2,800 5,810 6,130 142 28 
Portugal 1,220 1,530 908 1,740 14,200 13,800 4 16 
Зрат 18,000 17,100 14,900 17,200 12,000 11,800 448 221 
Taiwan 437 506 1,120 2,120 80 88 5 30 
Turkey 19,400 15,400 49,400 38,900 44,400 6,030 175 132 
Other 10,900 9,910 14,100 13,400 41,300 12,700 299 157 
Total 151,000 176,000 162,000 185,000 663,000 115,000 3,470 2,010 

2010: 
Brazil 1,730 1,800 104 99 809 894 - с 
Сапайа 191 662 439 1,300 3,820 4,530 -- 5 
China 48,900 37,300 43,300 50,000 11,200 10,800 1,800 821 
France 194 338 365 638 7,230 6,330 | 3 
Greece 2,370 4,600 1,640 3,330 440 511 - E 
India 3,370 3,070 2,300 3,490 6,150 1,070 46 j 
Israel 1,830 2,050 2,210 2,500 5,260 4,840 1 i 
Italy 43,600 75,900 21,100 35,700 11,000 15,100 174 5 | 
Lebanon 1 4 127 472 202,000 2,210 es Н 
Мехїсо 345 282 1,900 2,770 5,800 6,370 35 i 
Portugal 906 1,330 753 1,230 9,960 9,890 = к 
Spain 21,200 19,000 15,700 14,600 17,600 7,520 307 | 
Taiwan 369 425 1,330 2,340 98 91 3 " 
Turkey 19,400 17,100 66,500 48,500 19,800 6,260 818 3 
Other — 8770 6980 13700 _ 1,9 4240 шю Ос ri 

-- Zero. 


Data are rounded to no more than three significant digits; may not add to totals shown. " 
Worked тоге than simply cut with a flat surface; Harmonized Tariff Schedule of the United States (HTS) code 6802.91.0500. 


ЗМегеју cut by sawing or otherwise. 
^Worked more than simply cut with a flat surface, other than marble and travertine; HTS code 6802.92.0000. 
"Simply cut by sawing or otherwise into rectangular blocks or slabs; HTS code 2515.12.1000. 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 
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TABLE 16 
U.S. IMPORTS FOR CONSUMPTION OF DIMENSION STONE, BY TYPE! 


D OTHER CAC 


D 


м 


ЈЕ 


i 2009 
Value 

Type Quantity (thousands) Quantity 

Calcareous stone, other metric tons NA NA NA 
Marble and alabaster“ ОО de 12300 816000 13,000 
Sandstone, cut, by sawing or otherwise? do. NA NA NA 
Slate, roofing EE million square feet 6 5,910 6 
Slate, roughly trimmed or simply cut? ы тасты do. 3,190 1,220 6,400 
Slate, worked and articles of slate, and other? u do. NA 56,000 NA 
Travertine, monumental or building stone and articles thereof do. 14,600 13,000 20,300 
Travertine, worked monumental or building stone? do. 21,200 16,300 28,700 
do. NA NA NA 


Other stone, monumental or building stone" 


--—.—————.————г—————.——. a em E UD ааа 


do. Ditto. МА Not available. 


2010 
Value Major source 


(thousands) for 2010" 


NA МА. 
$16,400 China, 21%. 
NA Italy, NA. 
6,360 Canada, 40%. 
2,090 China, 64%. 
54,700 China, 41%. 


13,900 Mexico, 31%. | 


18,300 China, 41%. 
NA Turkey, NA. 


ага are rounded to no more than three significant digits. Table does not include totals shown on tables 14 and 15. 


Ву value. 


7 Simply cut with a flat surface, other than marble, travertine, and alabaster. 


“Simply cut with a flat surface. 

"Rectangular blocks or slabs. 

SOther than roofing, including agglomerated slate. 

"Simply cut with a flat surface, other than tiles and granules. 
*Dressed or polished but not further worked. 


*Simply cut with a flat surface, other than granite, calcareous stone, alabaster, slate, dolomite, quartzite, and steatite. 


Source: U.S. Census Bureau. 
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STRONTIUM 


By Marc A. Angulo 


Domestic survey data and tables were prepared by Maria Arguelles, statistical assistant, and the world production table was 


prepared by Lisa D. Miller, international data coordinator. 


Domestic apparent strontium consumption decreased in 2010, 
attributed primarily to a decrease in imported celestite. The 
10,400 metric tons (t) of strontium content consumed in 2010 
was dramatically lower than the nearly 38,000 t consumed at its 
peak in 1997. Strontium minerals were not mined in the United 
States in 2010, although deposits have been identified and were 
mined in the past. World production of celestite increased from 
400,000 t in 2009 to 405,000 t in 2010. 

Strontium composes about 0.04% of the Earth’s crust, 
ranking 15th among elements in abundance (MacMillan and 
others, 2005). Owing to its high reactivity to air and water, 
strontium metal is not found in nature in its metallic form. The 
two strontium-bearing minerals, celestite (strontium sulfate) 
and strontianite (strontium carbonate), contain strontium in 
sufficient quantities to make recovery practical. Of the two, 
celestite occurs much more frequently in sedimentary deposits 
of sufficient size to make development of mining facilities 
attractive. 


Legislation and Government Programs 


Strontium may be found in trace amounts in drywall, but 
the occurrence of foul odor, electrical corrosion, and illness 
associated with homes fitted with Chinese-manufactured 
drywall led Florida State and Federal investigators to suspect 
the presence of elevated strontium sulfide levels. An initial study 
conducted by the Florida Department of Health found trace 
amounts of strontium sulfide in Chinese drywall and none in 
domestic drywall. The Environmental Protection Agency found 
elevated strontium and sulfur levels in Chinese drywall. A joint 
study conducted in 2010 by the U.S. Consumer Product Safety 
Commission and the U.S. Department of Housing and Urban 
Development concluded that strontium was not a good indicator 
for the identification of tainted Chinese drywall in a home and 
strontium did not play a causal role in the problems associated 
with the tainted drywall (Florida Department of Health, 
2009; U.S. Environmental Protection Agency, 2009; Federal 
Interagency Task Force on Problem Drywall, 2010). 


Production 


Although strontium carbonate was not produced in the United 
States in 2010, strontium carbonate was the principal strontium 
compound produced globally in 2010, and most other strontium 
compounds were derived from strontium carbonate. Domestic 
production of strontium carbonate ceased in 2006 with the 
closure of the Chemical Products Corp. strontium carbonate and 
Strontium nitrate operations. A few companies produced small 
quantities of downstream strontium chemicals elsewhere in the 
United States, 
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Consumption 


Strontium compounds were mostly consumed by the ceramic, 
glass, and pyrotechnics industries, with smaller amounts 
consumed by a multitude of other industries. Strontium 
carbonate is used directly in some applications and is also 
converted into appropriate downstream chemicals such as 
strontium chloride, strontium hydroxide, or strontium nitrate. 
Celestite is typically used as the raw material in strontium 
carbonate production and is consumed directly in small 
quantities as an alternative to barium sulfate as white filler in 
industrial products. 

Permanent ceramic ferrite magnets are used extensively 
in small direct current motors for automobile windshield 
wipers, loudspeakers, magnetically attached decorative 
items, toys, and other electronic equipment. Strontium ferrite 
magnets possess the chemical and physical properties ideal 
for use in these applications, such as resistance to corrosion 
and demagnetization, low densities, and effectiveness at 
high temperatures (Haberberger, 1971). Strontium oxide and 
strontium carbonate are used as frits in ceramic glazes as a 
nontoxic alternative to barium and lead (Yunpeng, 2009). 
Strontium oxide is used as a glass modifier to increase hardness 
and strength, enhance optical glass properties, and increase light 
refraction. Strontium glass is colorless and absorbs ultraviolet 
and x-ray radiation, an ideal glass for cathode ray tube (CRT) 
faceplates. The fiberglass, lab glass, and pharmaceutica] glass 
industries consume strontium in smaller amounts. 

Strontium nitrate is used most often as a coloring agent in 
pyrotechnic applications, but strontium carbonate, strontium 
chloride, strontium oxalate, and strontium sulfate can also b 
used. Strontium pyrotechnic applications include civilian — 
ord flares, fireworks, and tracer ammunition (Conkling, 

: Strontium is used їп a few metallurgical applications. 
trontium metal is added to aluminum alloys to improve 
castings used in automotive and aerospace application 
(Metallurg Aluminum, 2006). Strontium can be used Е 
lead impurities during the electrolytic production of nid 
The addition of strontium carbonate dissolved in s 5 : 
reduces the lead content of the electrolyte and of % dm See 
deposited on the cathode. | аш 
К т chromate "788 Incorporated into paints as a 
inhibitor, effectively coating aluminum di 
construction of aircraft fuselages and ships (Roskill 1 ii 
Services Ltd., 1992, p. 76). Strontium chromat i formation 
classified as a carcinogen in humans leadin i JOWeVer, Was 
Industry to seek safer alternatives and the p In the paint 
2. to enact strict regulations for its use (Ho Vrae e 
; European | and ot 
pean Chemical Agency, 20] 1). Other Strontium hers, 


compounds were used as catalysts to accelerate the drying of 
oils, paints, and printing inks (Brezinski and others, 2009). 

The drug strontium ranelate, a strontium salt of ranelic 
acid, has been used to reduce the incidence of fractures in 
osteoporotic patients by promoting the uptake of calcium into 
bones (Nielsen, 2004). Medical trials demonstrated strontium 
ranelate drugs increased bone formation and decreased bone 
resorption, reducing both vertebral and nonvertebral fractures in 
patients with postmenopausal osteoporosis (Deeks and Dhillon, 
2010). The isotope strontium-89 has been used successfully in 
medical trials for the treatment of pain associated with advanced 
metastatic cancer (Porter, 1994). Strontium chloride is used in 
toothpaste to treat tooth-sensitivity caused by temperature and 


pressure. 
Strontium exhibits a high dielectric constant, making it an 


attractive material for use in wireless devices and memory chips. 


Strontium titanate is sometimes used as a substrate material 

for semiconductors and in some optical and piezoelectric 
applications. Research also was conducted into the use 
strontium in superconductors and radiation detectors. As the 
technology improves and costs decrease, high-tech industries 
are likely to consume more strontium (McCoy, 2009; McIntosh, 
2009; Physorg, 2010; Walter, 2010; Singh, 2011). 

Strontium oxide aluminate is used as a phosphorescent 
(glow-in-the-dark) pigment in applications such as emergency 
exit signs that glow brighter and longer than those using 
more-common photoluminescent pigments (Merit Lighting, 
LLC, 2008). Strontium phosphate is used in the manufacture of 
fluorescent lights, and the entire range of strontium chemicals is 
used in analytical chemistry laboratories. 


Prices 


Based on data published by the U.S. Census Bureau, the 
average customs unit value for celestite imported from Mexico 
was $45.41 per metric ton, a decrease of 3.6% compared with 
that of 2009. The average unit customs value of imported 
strontium carbonate was $0.71 per kilogram, an 8.9% increase 
from $0.65 per kilogram in 2009. In 2010, the unit value of 
imported strontium metal decreased to $5.80 per kilogram 
from $8.05 per kilogram. In 2010, the corresponding value 
for strontium nitrate was $1.33 per kilogram, which was 337^ 
higher than that of 2009. Turkish f.o.b. prices for celestite (96% 
strontium sulfate) ranged from $90 per ton to $100 per ton in 
December 2010, essentially unchanged from the price range of 
December 2009 (Industrial Minerals, 2009, 2010). 


Foreign Trade 


With the changes in the domestic strontium market— 
strontium carbonate consumption for CRT production shifting 
to Asia and the continued consumption of strontium compounds 
for ceramics, glass, and pyrotechnics—strontium exports from 
and imports into the United States have become erratic from 
year to year. Adequate information to explain the variations 
is unavailable. Total strontium imports by gross weight were 
20,900 t in 2010, a 17% decrease from those of 2009 but a 29% 
increase from those of 2008 (table 1). Total strontium exports by 
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gross weight were 827 t in 2010—4.6% less than in 2008, but 
7% more than in 2009. 

Imports of celestite from Mexico were 5,400 t in 2009, a 63% 
decrease from the 14,600 t imported in 2009 and 17% more 
than those of 2008 (table 3). Imports of strontium metal and 
strontium nitrate increased from those of 2009 by 69% and 2%, 
respectively, spurred by increases in imports from China and 
Mexico. Strontium compounds imported from China, Germany, 
and Mexico represented about 99% of total strontium imports 
into the U.S. by gross weight, with Mexico representing 65%, 
Germany 21%, and China 14% of total imports. 

Although strontium exports from the United States increased 
from 2009 to 2010, exports had been decreasing every year 
from 2006 to 2009, with 2010 exports 5% less than those of 
2008. Exports to Belgium, the Republic of Korea, and Vietnam 
represented 67% of total strontium exports by gross weight 
(table 2). 


World Review 


Large deposits of high-grade celestite have been discovered 
throughout the world, but active mines are primarily in Chim, 
Mexico, and Spain. These countries represented 97% of total 
celestite produced in 2010. Turkey had been another leading 
celestite producer but has experienced significant declines 
in production in recent years, with no celestite production 
since 2008. Smaller operations are located in Argentina, 

Iran, Morocco, and Pakistan. Many large deposits are not 
economically feasible to mine owing to high levels of barium 
and calcium, impurities requiring energy-intensive and cost- 
prohibitive methods for separation. Most strontium Jue 
require a minimum of 90% strontium sulfate content to c 
profitability. Hand sorting and some washing are all tha ~ | 
necessary at many strontium mines; a few operations ти 
flotation, gravity separation, or other methods to белейс я 
ore. Production facilities for strontium compounds p. 
were located in Canada, China, Germany, Japan, the Repu : 
of Korea, Mexico, and the United States, although the curre 
status of some of these operations is unknown. ? 

Owing to decreased demand for CRTs and Apu mme 
competition for the Chinese market, the Monteviv m 
mine in Granada, Spain, (operated by Bruno S bis 
late 2009 after more than 50 years of operation. T Ў ui | 
chemical producer Solvay Minerales SA was the 01У | 


| in Spain (O" Driscoll, 2009). Spanish 
celestite producer in Spain (O qucd ^a 2009, but further 


celestite production decreased signi jaa hough 
production decreases did not materialize * ji AES 10 20% 
overall, the Spanish minerals industry su er od ipe sat 


; e 
drop in demand in 2010, celestite production remain 
as in 2009 (Moores, 2010). 


Outlook 
; YE ‘de could spur 
Improved economic conditions ee а ditional 
growth in demand for strontium via aim ols 
applications. Use of strontium by a ani к 
and pyrotechnic industries 1$ expected to 


1 
. и ‘te та nets. 
solid demand for strontium used in ferrite 5 
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IM а provements in advanced applications, consumption of 


| strontium in new end uses may increase. 
«йй ИҢ | 
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TABLE 1 
SALIENT STRONTIUM STATISTICS! 


(Metric tons of contained strontium and dollars per metric ton unless otherwise noted)” 


World, production of celestite, gross weight 


*Estimated. 'Revised. -- Zero. 
|Бата are rounded to no more than three significant digits. 


?The strontium content of celestite is 43.8895, which was used to convert units of celestite. 


Source: U.S. Census Bureau. 
*Production plus imports minus exports. 
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| 2006 2007 2008 
United State: — | | 
Production, strontium minerals. BE | | = 25 2 
Imports for consumption: _ 
‘Strontium compounds | Е 8,860 8,550 9,420 
Strontium minerals s 671 54] 2,030 
Exports, compounds” x 699 688 594 
Apparent consumption” 225 _ 8,830 8,400 10,900 
Price, average value of mineral imports at port 
of exportation _ | 64 _ 67. 64 
524,000 518,000 656,000 


2009 2010 
5,860 8,640 
6,420 2370 
532 566 
11,800 10,400 
47 45 
400,000" 40500: 
i 
Qu 
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2009 

Gross weight 

(kilograms) 

Strontium carbonate, precipitated: | 

Austria -- 
Canada 30,900 

_ Germany EM 3,840 
Japan = 13,100 
Мехісо 2 Е 102,000 

_ Netherlands _ m 6,320 
Spain -- 
United Kingdom 2,780 
Total m 159,000 

Strontium oxide, hydroxide, peroxide: 

| Argentina -- 
Belgium К 215,000 
Brazil _ -- 
Сапада | № -- 
Colombia 20 NEN -- 
__ Germany 176,000 
_ Israel 11,000 
__Јарап | LL 25,600 
_ Korea, Republic of 102,000 
“Sweden 18,400 
Switzerland 27,900 
Taiwan 38,000 
Trinidad and Tobago - 

_ Vietnam m = 

Total 


TABLE 2 
U.S. EXPORTS OF STRONTIUM COMPOUNDS, BY COUNTRY' 


Value? 


$32,200 
3,650 
21,800 
41,100 
6,000 
2,640 
107,000 


121,000 


97,000 

6,070 
14,100 
56,100 
10,100 
15,300 
34,700 


614,000" 355,000" 


Е 2010 
Gross weight 
(kilograms) 


2,690 
7,500 
30,000 
73,100 


7,530 


121,000 


25,100 
215,000 
21,600 
62,600 
20,000 


264,000 
2,250 


20,000 


76,000 
707,000 


Value” 


$2,550 
10,200 
39,400 
45,800 


7,150 


105,000 


13,800 
121,000 
11,900 
30,100 
10,600 


148,000 
2,530 


10,600 


46,400 
395,000 


'Revised. > Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


?Free alongside ship value. 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 
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TABLE 3 


U.S. IMPORTS FOR CONSUMPTION OF STRONTIUM COMPOUNDS, BY COUNTRY! 


il 
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2009 2010 
Gross weight / — Gross weight 
(kilograms) Value? (kilograms) Value? 
Celestite, Mexico 14,600,000 — $690,000 5,400,000 $245,000 
Strontium carbonate: 
China 600,000 693,000 2,380,000 2,320,000 
Germany 1,240,000 703,000 4,290,000 2,880,000 
Italy 20,400 124,000 14,000 82,300 
Mexico 5,890,000 3,500,000 5,000,000 2,990,000 
Spain 72,600 64,900 26,000 29,200 
United Kingdom 25 9.720 I0 4,430 
` Total 7,820,000 5,090,000 11,700,000 8,310,000 
Strontium metal: 
China 20,200 149,000 118,000 682,000 
Germany -- -- 21 3,500 
Japan 30,400 71,200 -- -- 
Switzerland 19,500 344,000 - -- 
Total 70,100 564,000 118,000 686,000 
Strontium nitrate: 
Canada 1,700 5,700 -- -- 
China 93,600 115,000 231,000 273,000 
France -- -- 1,600 16,100 
Israel -- -- 9,600 9,070 
Japan 58,000 178,000 181,000 1,540,000 
Mexico 2,550,000 2,410,000 3,160,000 2,920,000 
Spain 68,500 59,900 - 5% 
Total 2,770,000 2,770,000 3,580,000 4,760,000 
Strontium oxide, hydroxide, peroxide: 
China 5,450 36,000 122,000 163,000 
Japan 300 9,400 7,000 22,700 
Korea, Republic of 974 5,370 i Z 
Total 6,720 50,800 129,000 185,000 
-- Zero. 
'Data rounded to no more than three significant digits; may not add to totals shown. 
^Free alongside ship value. 
Source: U.S. Census Bureau. 
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TABLE 4 
CELESTITE: WORLD PRODUCTION, BY COUNTRY" 


(Metric tons) 

Country 2006 2007 2008 2009 2010* 

Argentina 19,822 4,904 14,910 8,169 ' 7,000 

Спа“ 180,000 190,000 200,000 210,000 220,000 

Iran** 1,000 2,000 2,000 2,000 2,000 
Mexico 125,000 125,000 * 96,902 37,601 31,429 ? 

Morocco* 2,700 2,700 2,700 2,600 2,500 

Pakistan 1,466 1,476 ' 1,500 "° 1,600 ^* 1,600 
Spain“ 188,000 188,000 336,000 ? 138,000 ? 140,000 ? 

Turkey 6,300 _ 4,200 1,600 = ts 

Total 524,000 518,000 656,000 400,000 ' 405,000 


*Estimated. "Preliminary. ‘Revised. -- Zero. 
! World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


?Table includes data available through May 11, 2011. 
?In addition to the countries listed, Tajikistan was thought to produce celestite, but information was not available to make reliable estimates. 


^Data are for year beginning March 21 of that stated. 
*Reported figure. 
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SULFUR 
By Lori E. Apodaca 


Domestic survey data and tables were prepared by Rym Ferahtia, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international] data coordinator. 


In 2010, the global economy began to recover from the 
recession of 2008—09, which resulted in an increase in 
consumption and prices for sulfur. Demand for sulfur was 
strong in the phosphate sector because the fertilizer producers 
needed to restock their product inventories after operating at 
low production levels in 2009. In addition, phosphate fertilizer 
producers operated at high rates to keep up with increasing 
demand for fertilizers. Sulfur imports were up significantly 
compared with those in 2009 owing to the demand for sulfur in 
the production of fertilizers and industrial sectors. 

The United States was second in world sulfur production 
following China. Elemental sulfur and byproduct sulfuric 
acid produced as a result of efforts to meet environmental 
requirements that limit atmospheric emissions of sulfur dioxide 
were the dominant sources of sulfur around the world. 

Through its major derivative, sulfuric acid, sulfur ranks as 
one of the most important elements used as an industrial raw 
material and is of prime importance to every sector of the 
world's fertilizer and manufacturing industries. Sulfuric acid 
production is the major end use for sulfur, and consumption of 
sulfuric acid has been regarded as one of the best indexes of a 
nation's industrial development. More sulfuric acid is produced 
in the United States every year than any other inorganic 
chemical; 32.5 million metric tons (Mt), which is equivalent to 
about 10.6 Mt of elemental sulfur, was produced in 2010, about 
1276 more than that in 2009 (U.S. Census Bureau, 2011). 

In 2010, domestic production of sulfur in all forms was 
slightly higher than in 2009; shipments of sulfur in all forms 
increased by about 3%. Elemental sulfur recovered at petroleum 
refineries was slightly higher than it was in 2009, and sulfur 
Iecovered from natural gas operations decreased by 4%. 
Producers’ stocks decreased by 29%, representing about 2% of 
shipments. Byproduct sulfuric acid production and shipments 
increased by about 6%. Apparent consumption of sulfur in 
all forms increased by 19%. Imports of elemental sulfur and 
sulfuric acid combined increased by 72% and exports remained 
about the same. The average unit value in 2010 was about 
40 times higher, resulting in the value of elemental sulfur 
shipments increasing by a factor of nearly 7 compared with the 
2009 value of shipments. The total value of byproduct sulfuric 
acid shipments increased by about 6% (table 1). 

Worldwide, compliance with environmental regulations has 
contributed to increased sulfur recovery; for 2010, global sulfur 
production increased slightly. Recovered elemental sulfur is 
produced primarily during the processing of natural gas and 
crude petroleum. Estimated worldwide production of native 
(naturally occurring elemental) sulfur increased by 23%. In the 
few countries where pyrites remain an important raw material 
for Sulfuric acid production, sulfur production from pyrites was 
slightly lower. 
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Since 2005, between 8296 and 83% of the world's sulfur 
production as elemental sulfur and byproduct sulfuric acid 
came from recovered sources. Some sources of sulfur were 
unspecified, which means that the material could have been, 
and likely was, elemental sulfur or byproduct sulfuric acid, 
raising the percentage of byproduct sulfur production to about 
90% annually. The quantity of sulfur produced from recovered 
sources was dependent on the world demand for fuels, 
nonferrous metals, and petroleum products rather than for sulfur. 

World sulfur consumption was estimated to have increased 
from that of 2009; typically, about 5096 was used in fertilizer 
production, and the remainder, in myriad other industrial uses. 
World trade of elemental sulfur increased from the levels 
reported in 2009. Worldwide inventories of elemental sulfur 
were tight owing to the increased demand for sulfur, although 
stocks at remote operations remained high. 


Legislation and Government Programs 


In June, the U.S. Environmental Protection Agency (EPA) 
finalized the primary National Ambient Air Quality Standard 
(NAAQS) for sulfur dioxide (SO,). The revised standard 
established a new 1-hour SO, standard at a level of 75 parts 
per billion. EPA also revoked its 24-hour and annual primary 
SO, standards, which were established in 1971. The rule 
likely would affect coal-burning utilities and copper and other 
nonferrous metal smelters that would need to reduce emissions 
under the new standard (U.S. Environmental Protection Agency, 
2010, p. 2). | 

In July, the Governor of New York State signed a bill into law 
(S.1145—C) that limits sulfur in home heating oil. The bill limits 
the sulfur content of No. 2 heating oil for use in residentia] 
commercial, or industrial heating applications to no more than 
15 parts per million (ppm) starting in July 2012, down from the 
current range of 2,000 to 10,000 ppm. This is the same standard 
set by the EPA for diesel fuel (New York State Governor 2010) 


Production 


Recovered Elemental Sulfur. —U S. production statistics 
were collected on a monthly basis and published in the U S 
Geological Survey (USGS) monthly sulfur Mineral Indusi | 
Surveys. All 102 operations to which survey requests е 
responded; this represented 10094 of the total production у 
in table 1. In 2010, production was slightly higher than th о 
2009, and shipments were about 396 higher. Increased зе | 
demand for sulfur resulted in the value of Shipments ы; 2 
than six and a half times higher than of that of 2009, A . 
technical problems, maintenance, and weather issues 4 У 2. 
refineries limited the amount of sulfur that could be s - 
Еог 2010, оп average, U.S. petroleum refineries көг. es 
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86.4% of capacity, a 496 increase from that of 2009 (U.S. 
Energy Information Administration, 2011c). 

Recovered elemental sulfur, which is à nondiscretionary 
byproduct from petroleum-refining, natural-gas-processing, 
and coking plants, was produced primarily to comply with 
environmental regulations that were applicable directly to 
emissions from the processing facility or indirectly by restricting 
the sulfur content of the fuels sold or used by the facility. 
Recovered sulfur was produced by 34 companies at 102 plants in 
26 States and 1 plant in the U.S. Virgin Islands. The size of the 
sulfur recovery operations varied greatly from plants producing 
more than 500,000 metric tons per year (t/yr) to others producing 
less than 500 t/yr. Of all the sulfur operations canvassed, 32 
produced more than 100,000 metric tons (t) of elemental sulfur in 
2009, 15 produced between 50,000 and 100,000 t, 36 produced 
between 10,000 and 50,000 t, and 20 plants produced less 
than 10,000 t. By source, 86% of recovered elemental sulfur 
production came from petroleum refineries or satellite plants 
that treated refinery gases and coking plants; the remainder was 
produced at natural-gas-treatment plants (table 3). 

The leading producers of recovered sulfur, all with more 
than 500,000 t of sulfur production, in descending order of 
production, were Exxon Mobil Corp., Valero Energy Corp., 
ConocoPhillips Co. (including its joint venture with Encana 
Corp.), Chevron Corp., BP p.l.c., and Marathon Petroleum Corp. 
The 53 plants owned by these companies accounted for 67% 
of recovered sulfur output during the year. Recovered sulfur 
production by State and district is listed in tables 2 and 3. 

In 2010, 6 of the 20 largest oil refineries in the world, in 
terms of crude processing capacity, were in the United States. 
In descending order of capacity, they were Exxon Mobil's 
Baytown, TX, and Baton Rouge, LA, refineries; Hovensa 
L.L.C.'s [Hess Corp.'s joint venture with Petróleos de Venezuela 
S.A. (PdVSA)] St. Croix, U.S. Virgin Islands, refinery; BP's 
Texas City, TX, refinery; Citgo Petroleum Corp.'s Lake Charles, 
LA, refinery; and Marathon's Garyville, LA, refinery (Oil & 
Gas Journal, 2010b). The capacity to process large quantities 
of crude oil does not necessarily mean that refineries recover 
large quantities of sulfur, but all these refineries were major 
producers of recovered sulfur. Sulfur production depends on 
installed sulfur recovery capacity as well as the types of crude 
oil that were refined at the specific refineries. Major refineries 
that process low-sulfur crude oils may have relatively low sulfur 
production. According to Oil & Gas Journal (20102), the United 
States operated 2096 of world refining capacity, but had almost 
39% of sulfur recovery capacity at refineries. 

According to data from the National Petrochemical & 
Refiners Association (2011, p. 3), U.S. refining capacity rose by 
more than 4% from 2004 through 2010 and by more than 7% 
from 2000 through 2010, without building any new refineries. 
In 2010, U.S. refinery capacity was 18 million barrels per day. 
Overall U.S. refinery capacity increased by 153,000 barrels 
per day (bbl/d) in 2010; reaching a 5-year high. Although 
this information did not specifically mention sulfur capacity 
expansion, any such expansions would likely include increased 
sulfur recovery facilities, probably proportionally higher than 
the increases in throughput capacity. 
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In June, PBF Energy Co. Ltd. completed its purchase of the 
Delaware City, DE, refinery from Valero at а cost of $200 million 
The 211,000-bbl/d refinery was closed by Valero in late 2009 5; 
result of poor economic conditions. PBF began maintenance wok 
at the refinery and planned to restart it in 2011 (Sulphur, 2010), 

Western Refining Inc. idled its Yorktown, VA, refinery in 
September because of weak refining margins on the east coast. 
The company planned to continue operations at its products 
terminal and storage facility and supply the region with finished 
products. Restarting of the 70,800-bbl/d refinery was possible, 
market conditions improved (Western Refining Inc., 2010) 

During 2010, expansion and improvement projects were 
underway or in the planning stages at 11 refineries in the Uniti 
States. In addition to increasing throughput capacity at the 
operations, upgrades were intended to increase the existing 
refineries’ capability to process low-quality, high-sulfur crudes, 
such as those from Canadian oil sands, Saudi Arabia, and 
Venezuela. Oil sands producers were partners in some of the 
projects, as part of a strategy to ensure outlets for future oil 
sands production. One new Texas sulfur recovery plant was 
completed in 2010, but most were expected to be completed 
between 2011 and 2015 (Sulphur, 2011). | 

Byproduct Sulfuric Acid.—Sulfuric acid production al 
copper, lead, molybdenum, and zinc roasters and smelters 
accounted for about 996 of total domestic production of 
sulfur in all forms and totaled the equivalent of 791,000 t of 
elemental sulfur. The portion of total sulfur product represent 
by byproduct sulfuric acid increased and the total quantity 
produced increased by about 6% (table 4). Three acid plants 
operated in conjunction with copper smelters, and three - 
byproduct operations of lead, molybdenum, and zinc p s 
and roasting operations. The three largest byproduct с 
acid plants, in terms of size and capacity, were associate ы 
with copper smelters and accounted for 89% of the i 
sulfuric acid output. The copper producers—Asarco L : | 
Kennecott Utah Copper Corp., and Freeport McMoRan as 
& Gold Inc.—each operated a sulfuric acid plant at 16 prim 
copper smelter. 

Freeport McMoRan procee 
to build a 1,450-metric-ton-per- "a 
acid plant at its copper operation in Safford, AZ. n Ps | 
been put on hold in December 2008 as a result of the ЖЕП 
conditions in the copper industry and the nt wal 
economy. The plant was expected to use due „ж И 
to a transport facility northwest of Stafford an 5.000 tt 
the plant. This plant was expected to пене Пеја kt 
sulfur (North America Sulphur Review, 2 | о 
expected to be completed within a year DD 
preliminary work had already begun (Sulphur, #0777 


ded with its $150 million prof 
day (t/d) sulfur-based sulfürt 
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Apparent domestic consumption of sulfur in a 
19% higher than that of 2009 (table 5). Of the s 

68% was obtained from domestic sour 
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Ек 329, was supplied by imports of recovered elemental sulfur 


126%) and sulfuric acid (6%). The USGS collected end-use data 


бй оп sulfur and sulfuric acid according to the standard industrial 
ut key classification of industrial activities (table 6). 
ШАЛА Sulfur differs from most other major mineral commodities 
Їшїп that its primary use is as a chemical reagent rather than as a 
Шек component of a finished product. This use generally requires 
кортики that it be converted to an intermediate chemical product 
stx prior to its initial use by industry. The leading sulfur end use, 
(ви sulfuric acid, represented 70% of reported consumption with 
тА an identified end use. Although reported as elemental sulfur 
jm: consumption in table 6, it is reasonable to assume that nearly all 
«ва the sulfur consumption reportedly used in petroleum refining 
mix; Was first converted to sulfuric acid, bringing sulfur used to 
ішке) produce sulfuric acid to 90% of the total sulfur consumption. 
фу Some identified sulfur end uses were included in the 
Ж ші “Unidentified” category because these data were proprietary. А 
p significant portion of the sulfur in the “Unidentified” category 
рй тау have been shipped to sulfuric acid producers or exported, 
йг although data to support such assumptions were not available. 
quii Because of its desirable properties, sulfuric acid retained its 
T position as the most universally used mineral acid and the most 
cai produced and consumed inorganic chemical, by volume. Data 

E based on USGS surveys of sulfur and sulfuric acid producers 
- showed that reported U.S. consumption of sulfur in sulfuric 
" acid (100% basis) decreased by 10%, and total reported sulfur 
"m consumption decreased by 10%. These reported decreases in 
"m consumption can be attributed to the 9% decrease in petroleum 
m refining and decreases in other chemical products. Reported 


| н consumption figures do not correlate with calculated apparent 


isi | | | | 
М” consumption owing to reporting errors and possible double 


mb counting in some data categories. These data are considered 
ue independently from apparent consumption as an indication of 
he market shares rather than actual consumption totals. 
si Agriculture was the leading sulfur-consuming industry; 
f г consumption in this end use increased slightly to 6.71 Mt 
ae compared with 6.65 Mt in 2009 with an increase only for 
d phosphatic fertilizers. Based on export data reported by the 
У U.S. Census Bureau, the estimated quantity of sulfur needed to 
|, manufacture exported phosphatic fertilizers decreased by about 
ji 7% to 4.2 Mt. More than 50% of domestic fertilizer production 
s typically is exported; in 2010 about 5096 was exported. 
Л The second ranked end use for sulfur was in petroleum 
| refining and other petroleum and coal products. Producers of 
di sulfur and sulfuric acid reported that the consumption of sulfur 
57 Ш that end use decreased by 9% from that of 2009. Demand for 
2 sulfuric acid in copper ore leaching, which was the third ranked 
| end use, increased by 10%. 
9 Тһе U.S. Census Bureau (2011) also reported that 2.1 Mt 
^ Of sulfuric acid was produced as a result of recycling spent 
and contaminated acid from petroleum alkylation and other 
processes. Two types of companies recycle this material— 
j companies that produce acid for consumption in their own 
Operations and also recycle their own spent acid and companies 
4 that provide acid regeneration services to sulfuric acid users. 
, The petroleum refining industry was thought to be the leading 


, Source and consumer of recycled acid for use in its alkylation 
process. 
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Stocks 


Yearend inventories held by recovered elemental sulfur 
producers decreased to 164,000 t, 29% less than those of 2009 
(table 1). Based on apparent consumption of all forms of sulfur, 
combined yearend stocks amounted to about a 5-day supply, 
compared with a 9-day supply in 2009. Final stocks in 2010 
represented 396 of the quantity held in inventories at the end of 
1976, when sulfur stocks peaked at 5.56 Mt, a 7.4-month supply 
at that time (Shelton, 1978, p. 1296). When the United States 
mined large quantities of sulfur, as in 1976, mining companies 
had the capacity to store large quantities. When mining ceased 
in 2000, storage capacity declined significantly. Since that 
time, stocks have been relatively low because recovered sulfur 
producers have very little room for stocks. 


Prices 


Increased demand for sulfur during 2010 resulted in higher 
prices. Based on total shipments and value reported to the 
USGS, the average value of shipments for all elemental sulfur 
was estimated to be $70.48 per metric ton, which was about 
40 times greater than that of 2009. The increased value reported 
by producers correlated with the trends in prices recorded in 
trade publications. 

The contract prices for elemental sulfur at terminals in Tampa, 
FL, which are reported weekly in Green Markets, began the year 
at $27 per ton. In February, prices increased to $82 per ton. In 
May, prices again increased to $132 per ton, but decreased in 
August to $86 per ton. Prices remained at that level until end 
of October, when they increased to $145 per ton. The Tampa 
contract price remained at that level through the end of 2010 
and additional price increases were expected in 2011. | 

Prices vary greatly on a regional basis. Tampa prices were 
usually the highest reported in the United States because of the 
large sulfur demand in the central Florida area. During 2010 
U.S. West Coast prices varied from $0 per ton to $90 per бп 
Nearly all the sulfur produced in some regions, such as the West 
Coast, is processed at forming plants, incurring substantial costs 
to make solid sulfur in acceptable forms to be shipped overseas 
The majority of West Coast sulfur was shipped overseas. World 
sulfur prices generally were higher than domestic prices in 2010 

Even though prices vary by location, provider, and type, the | 
Abu Dhabi National Oi] Co.'s (ADNOC) price is recognized as 
an indicator of world sulfur price trends. In 201 0, the ADNOC 
contract 2010 price averaged nearly $150 per ton. with the 
lowest price of $65 per ton in July and the highest price of 
$210 per ton in March (North America Sulphur Review, 2011b) 


Foreign Trade 


Strong domestic demand during much of 
їп exports from the United ах latin ae ы "m 
Islands, remained about the same in quantity but cen i 
108% in value compared with those of 2009. The aig id 
value of export material was $119 per ton, an increase ane 
from $58 in 2009 (table 7). The leading destination Forthi m 
material was Brazil, followed by, in descending quanti Chi 
Mexico, and Canada. Export facilities on the Gulf ы” 
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began shipping in 2006 have become a significant source for 
exported sulfur. Exports from the West Coast were 710,000 t, 
or 49% of total U.S. exports. Exports from the Gulf Coast were 
570,000 t, or 39% of the U.S. total. 

The United States continued to be a net importer of sulfur. 
Imports of elemental sulfur exceeded exports by about 
1.5 Mt. Recovered elemental sulfur from Canada, Mexico, 
and Venezuela delivered to U.S. terminals and consumers in 
the liquid phase furnished almost 93% of U.S. sulfur import 
requirements. Total elemental sulfur imports were 74% greater 
in quantity than those of 2009, and higher prices for imported 
material resulted in the value being about three times that of 
2009. Imports from Canada, mostly by rail, were estimated 
to be 62% higher than those of 2009, waterborne shipments 
from Mexico were twice as high, and waterborne imports from 
Venezuela were estimated to have decreased by 7196. Canada 
was the source of an estimated 79% of elemental sulfur imports, 
and Mexico supplied 1396 (table 9). 

In addition to elemental sulfur, the United States had 
significant trade in sulfuric acid. Sulfuric acid exports were 15% 
lower than those of 2009 (table 8). Acid imports were about 
10 times exports (table 10). Canada and Mexico were the 
sources of 6494 of acid imported into the United States, most of 
which was probably byproduct acid from smelters. Shipments 
from Canada and some from Mexico came by rail, and the 
of imports came primarily by ship from Asia and 
age of sulfuric acid imports was about 67% 

f 2009, and the value of imported sulfuric acid 


remainder 
· Europe. The tonn 
greater than that o 
decreased by about 5%. 


World Review 


Ifur industry remained divided into two 
and nondiscretionary. In the discretionary 
Фиг or pyrites is the sole objective; this 
either sulfur or pyrites (mostly naturally 
based on the orderly mining of discrete 
ve of obtaining as nearly a complete 
recovery of the resource as economic conditions permit. In the 
nondiscretionary sector, sulfur or sulfuric acid 15 recovered as 
an involuntary byproduct, the quantity of output is subject to 
demand for the primary pro 
that limit atmospheric emissions of sulfur compounds 
irrespective of sulfur demand. Discretionary sources, once the 
primary sources of sulfur in all forms, represented 10% of the 
sulfur produced in all forms worldwide in 2010 (table 11). 
Poland was the only country that produced more than 500,000 t 
of native sulfur by using either the Frasch process or conventional 
mining methods (table 11). The Frasch process is the term for 
hot-water mining of native sulfur associated with the caprock of 
salt domes and in sedimentary deposits; in this mining method, 
the native sulfur is melted underground with superheated water 
and brought to the surface by compressed air. The United States, 
where the Frasch process was developed early in the 20th century, 
was the leading producer of Frasch sulfur until 2000. Small 
ities of native sulfur were produced in Asia, Europe, and 
portance of pyrites to the world sulfur 
decreased; China was the only country of 


The world su 
sectors—discretionary 
sector, the mining of su 
voluntary production of 
occurring iron sulfide) is 
deposits, with the objecti 
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South America. The im 
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duct and environmental regulations . 


the top producers whose primary sulfur source was pyrites. China 
produced 89% of world pyrite production. 

Of the 27 countries listed in table 11 that produced more than 
500,000 t of sulfur, 16 obtained the majority of their production 
as recovered elemental sulfur. These 27 countries produced 
94% of the total sulfur produced worldwide. In 2010, about 
31 Mt of elemental sulfur was traded globally. The leading 
exporters were, in decreasing order of tonnage, Canada, Russia, 
Kazakhstan, Saudi Arabia, Abu Dhabi, the United States, Japan, 
Iran, and Qatar, all with more than | Mt of exports. The leading 
importer was China, by far, followed by, in decreasing order of 
tonnage, Morocco, the United States, Tunisia, Brazil, and India. 
All of the top importing countries had large phosphate fertilizer 
industries (International Fertilizer Industry Association, 2011). 

Increased demand combined with lower than projected supply 
resulted in a balance between consumption and supply in 2010. 
Prices were lowest at the beginning of 2010 and increased 
toward the end of 2010. International prices for 2010 averaged 
higher than those in the United States. Sulfur imports increased 
in some of the main sulfur consuming countries, except China 
whose imports in 2009 exceeded demand. China had stock 
carryovers into 2010. 

Native sulfur production, including production of Frasch 
sulfur at Poland’s last operating mine, was about 23% higher 
than that of 2009. Recovered elemental sulfur production 
increased slightly and byproduct sulfuric acid production 
increased by about 6% compared with those of 2009. Globally, 
production of sulfur from pyrites decreased slightly. Pyrites are 
a less attractive alternative to elemental sulfur for sulfuric acid 
production. The environmental remediation costs of mining 
pyrites are onerous, and additional costs are incurred when 
using this less environmentally friendly raw material to produce 
sulfuric acid. 

Canada.—Ranked third in the world in sulfur production, 
Canada was the leading sulfur and sulfuric acid exporter. In 
2010, sulfur production in Canada was 3% lower than it was 
in 2009. About two-thirds of Canadian sulfur is recovered 
at natural gas and oil sands operations in Alberta, with some 
recovered from gas in British Columbia and from oil refineries 
in other parts of the country. Sulfur production from natural gas 
processing declined by 7% in 2010, and production from oil 
sands was slightly higher in 2010 than in 2009 (North Amena 
Sulphur Review, 20114). | 

Canada's sulfur production was expected to remam stable 
over the medium term and may increase during the long term 
as a result of expanded oil sands production. Sulfur production 
from natural gas was expected to decline as natural gas reserves 
decrease. Significant increases in production from oil - 
operations and minor increases at refineries were expected. n 
Canada was likely to remain a leader in world sulfur UMP | 
Byproduct acid production was expected to remain relatively 
stable (Stone, 2010). 

A report from Alberta's Energy Resou 
Board (ERCB) published in 2011 showe 
in Е from quaa natural gas processing plants n 
by 59% from levels in 2000 and 1% from those of 200 BE 
emissions declined as the result of improved sulfur E iis 
technology at the plants and because gas production 460 
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resources became depleted. Although sulfur recovery increased 
as a percentage of gas processing, total sulfur recovered 


шї declined during the same period because of lower gas processing 
m а volumes (Energy Resources Conservation Board, 2011, р. 6). 
Шы An estimated 400,000 t of sulfur was added to Canada's 
ril stockpiles in 2010. Stocks increased to about 11.9 Mt in Alberta 
йш in 2010 (North America Sulphur Review, 2011c). More than 
Шш $ Mt of the sulfur stocks was stored at Syncrude Canada Ltd.'s 
ER коң McMurray, Alberta, oil sands operation. Fort McMurray 
liege? is so remote that transporting the sulfur to market is extremely 
yiri difficult and expensive (Stone, 2010). 
usa ini Chile. —Outotec Оу) (Finland) signed a contract with 
miss Corporación Nacional Del Cobré de Chile (Codelco) to design 
А апа deliver a copper concentrate roasting plant, gas cleaning 
пре ^ system, and sulfuric acid plant for Coldelco's new Mino 
was ^ Ministro Hales Mine close to Calama, in northern Chile. The 
Wa ^ $160 million plant would treat up to 555,000 уг of copper 
wi ^ concentrate and produce approximately 250,000 t/yr of sulfuric 
lire ^ acid. The plant was expected to be commissioned by 2012 
шк (Sulphur, 20102). 
(8 China.—China was the leading producer of sulfur in all 
forms. It also was the world's leading producer of pyrites, with 
pi^ about 46% of its sulfur in all forms coming from that source. 
dw Тһе country was the leading sulfur importer, with 10.1 Mt 
Wm; 112010 (International Fertilizer Industry Association, 2011). 
іші ^ Imports represented 76% of elemental sulfur consumption 
4 іп China, with the Middle East as the leading source of the 
gät imports, followed by Canada. Fertilizer production consumed 
yr; about three-quarters of the sulfuric acid produced in China. 
Ё In December 2009, the Chinese Government released its 2010 
gri tariff rates for many phosphate fertilizers to discourage exports 
м during periods of high domestic demand. The surcharge for the 
phosphate fertilizers would be 110% during January to May 
uf and October to December, and 7% during June to September 
jg’ (Fertilizer Week America, 2009). The export tariff rates were 
ұш expected to reduce buying activity by China, the largest sulfur 
gé Market, and reduce prices. However, the price of sulfur was not 
|2 affected (North America Sulphur Review, 201 1). 
Е: In China, 70% of electricity is generated at coal-fired 
49  POWerplants that emit significantly more sulfur dioxide 
„3 Proportionally than powerplants in Western countries. Only 
y! — about 14% of the Chinese powerplants have desulfurization 
apparatus, and of these, not all are fully operational. Industry 
gi Xperts estimated that China emitted 25 Mt of sulfur dioxide 
и from powerplants in 2008, with expectations for this to increase 
40% electricity requirements and capacity increased. Sulfur 
jy Tecovery from implementing clean coal technology in China 
p could result in the recovery of at least some of this sulfur 
f (Sulphur, 2008). China has begun to build more efficient, less 
, polluting coal-fired powerplants. 
j India. —Essar Oil Ltd. was to expand capacity at its Vadinar 
refinery in Gujarat to 360,000 bbl/d from 210,000 bbl/d at 
j 5 E of $1.73 billion. Sulfur production from the refinery 
| шо to increase to 480,000 to 540,000 t/yr (Sulphur, 
| о i Ltd. received approval from the Government of 
| B o build a $15.3 million sulfuric acid, downstream chemicals, 
_ “nd boron products plant at Dahej. The plant would have the 
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capacity to produce 130,000 t/yr of sulfuric acid, oleum, and liquid 
sulfur trioxide, and 24,000 t/yr of boron products (Sulphur, 2010c). 

Jordan.—Jordan Phosphate Mines Co. signed a $625 million 
contract with SNC-Lavalin Group to construct a plant to produce 
1,500 t/d of phosphoric acid and 4,500 t/d [1.5 million metric tons 
per year (Mt/yr)] of sulfuric acid. Construction of the project, in 
E] Eshidiya, began in 2010 and was expected to be completed by 
2012 (Sulphur, 20104). 

Kazakhstan.—Kazphosphate began construction of a 
600,000-t/yr sulfuric acid plant at Taraz city in southern 
Kazakhstan. The $57 million project was expected to be 
completed by 2012 (Sulphur, 2010e). 

Mexico.—Mexichem S.A.B. de C.V. reopened the Jaltipan 
sulfur mine in Veracruz State in May. The Frasch sulfur mine 
had been closed in 1992, although salt production continued 
at the site. Mexichem planned to operate the Jaltipan mine at a 
capacity of 210,000 t/yr sulfur. The Jaltipan salt and sulfur dome 
had proven reserves of 10 Mt of sulfur (Sulphur, 2010f). Sulfur 
production data for 2010 were not available. 


Outlook 


Since 2000, recovered sulfur production in the United 
States has been relatively stable, averaging about 8.6 MU yr, 
but significant increases were expected in upcoming years as 
expansions, upgrades, and new facilities at existing refineries 
were completed. The expansions were enabling refiners to 
increase throughput of crude oil and to process higher sulfur 
crude oils; additional sulfur production will be a result of 
refinery upgrades. Projects that had been announced before or 
during 2010 had the potential to add sulfur recovery capacity 
of about 20 Mt/yr by 2015, if all were completed on proposed 
schedules (Sulphur, 2011). In general, production from 
natural gas operations was expected to increase from that of 
2010 as more natural gas is recovered from shale formations 
horizontal drilling, and hydraulic fracturing. More efficient | 
cost-effective drilling techniques, primarily in shale formation 
will be important for U.S. natural gas production (U.S. Ener i 
Information Administration, 201 ]b). i d 
Worldwide recovered sulfur output was ex | 
significantly. In 2009 and 2010, 2. зы a 
satisfy demand, but severe sulfur surpluses were 4. 
beginning in 2011, accelerating thereafter as а result of 
Increased production, especially from oil sands in Canada 
natural gas in the Middle East, expanded oil and gas oper " 
in Kazakhstan, and heavy-oil processors in Усен. ш 
Additional production increases were expected to Some fr 
Russia’s increase in sulfur recovery from natural gas and A m 
improved sulfur recovery at oil refineries and new deve] e 
of sour gas deposits. Refineries in developing countrie m 
expected to improve environmental protection UR MN 
in the future, eventually approach the environmenta] st езд 
of plants in Japan, North America, and Western Eur a aes 
sulfur recovery likely will result from a number of б жоні ы 
including higher refining rates, higher sulfur Content den 
oil, lower allowable sulfur content in finished fuel 2. 
sulfur emissions mandated by regulations Ре 
World consumption of natural eas w | РЕ 
strong growth, and sulfur NEN fom that sector linen " 
i 
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continue to increase. Natural gas continued to be the fuel of 
choice in many regions of the world in the electric power and 
industrial sectors, in part because of its lower carbon intensity 
compared with coal and oil, which makes it an attractive fuel 
source in countries where governments are implementing 
policies to reduce greenhouse gas emissions. Some of the 
future gas production, however, is expected to come from 
unconventional natural gas resources such as tight gas, shale 
gas, and coal bed methane (U.S. Energy Administration, 2011a, 
p. 43-44). Use of unconventional gas sources will certainly 
affect the sulfur supply outlook for the future as these gases 
have low sulfur content. 

Domestic byproduct sulfuric acid production may fluctuate 
somewhat as the copper industry reacts to market conditions 
and varying prices by adjusting output at operating smelters. 
Worldwide, the outlook for byproduct acid was more 
predictable. Because copper production costs in some countries 
are lower than in the United States, acid production from those 
countries has increased, and continued increases are likely. 
Many copper producers have installed more efficient sulfuric 
acid plants to limit sulfur dioxide emissions at new and existing 
smelters. Byproduct sulfuric acid production was expected 
to increase to about 70 Mt in 2014 from about 60 Mt in 2009 
(Sulphur, 2005). Worldwide, sulfur emissions at nonferrous 
smelters declined as a result of improved sulfur recovery; 
increased byproduct acid production is likely to become more a 
function of metal demand than a function of improved recovery 
technology. Smelter production in the United States has 
decreased by 4096 since 2000; during the same period, Chinese 
smelter acid production has more than doubled. Additional 
smelter capacity was expected in Chile, India, Kazakhstan, and 
Peru (Sulphur, 20102). 

Frasch sulfur and pyrites production, however, has little 
chance of significant long-term increases. In 2010, Frasch 
sulfur production remained the same as that of 2009. Because 
of the continued increase in elemental sulfur recovery for 
environmental reasons rather than markets, discretionary sulfur 
has become increasingly less important as demonstrated by the 
decline of the Frasch sulfur industry. The Frasch process has 
become the high-cost process for sulfur production. The only 
potential increase in Frasch production is from Mexichem's 
Jaltipan sulfur mine. Pyrites, with significant direct production 
costs, is an even higher cost raw material for sulfuric acid 
production when the environmental aspects are considered. 


Discretionary sulfur output is likely to continue a steady decline. 


The decreases likely will be pronounced when large operations 
are closed outright for economic reasons, as was the case in 
2000 and 2001. 

For the long term, sulfur and sulfuric acid likely will continue 
to be important in agricultural and industrial applications. 
Because sulfuric acid consumption for phosphate fertilizer 
production was expected to increase at a lower rate than 
for some other uses, phosphate fertilizer may become less 
dominant, but is expected to remain the leading end use. Ore 
leaching likely will be the largest area of sulfur consumption 
growth. 

From year to year, however, the use of sulfur directly or in 
compounds as fertilizer likely will continue to be dependent 
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on agricultural economies and vary according to economic 
conditions. If widespread use of plant nutrient sulfur is 
adopted, then sulfur consumption in that application could 
increase significantly; thus far, however, growth has been slow. 
Expansions of phosphate fertilizer production were expected to 
be constructed in 11 countries; facilities were planned in Africa, 
Asia, Latin America, and Kazakhstan (Heffer and Prud’homme, 
2011). Overall, one-half of all sulfur consumption (in all forms) 
is used for phosphate fertilizer production. 

Industrial sulfur consumption has some prospects for growth, 
but not enough to consume all projected surplus. Solvent 
extraction-electrowinning copper projects that consume large 
quantities of sulfur are under development in Chile, China, 
India, Kazakhstan, and Peru during the next few years. Smelter 
acid represents almost one-third of sulfuric acid production 
(Sulphur, 2010g). 

Unless less traditional uses for elemental sulfur increase 
significantly, the oversupply situation will result in tremendous 
stockpiles accumulating around the world. In the 1970s and 
1980s, research was conducted that showed the effectiveness 
of sulfur in several construction uses that held the promise of 
consuming huge quantities of sulfur in sulfur-extended asphalt 
and sulfur concretes. In many instances, these materials were 
found to be superior to the more conventional products, but 
their use so far has been very limited. Concrete made with 
sulfur is more resistant to acid and saltwater; the manufacturing 
process lowers CO, emissions and does not require water to 
manufacture. However, when sulfur prices are high, sulfur is 
less attractive for unconventional applications where low-cost 
raw materials are an important factor. In 2010, the Middle Eas 
had the most active interest in the potential use of sulfur a5 
binder or extender for high performance concrete and asphalt 
mixture (Sulphur, 2010h). 

Although periods of tight supplies may take place | 
periodically, the long-term worldwide oversupply situation 
is likely to continue. Unless measures are taken to Use more 
sulfur, either voluntarily or through government mandate, large 
quantities of excess sulfur could be amassed in many areas of 
the world, including the United States. 
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TABLE 1 


SALIENT SULFUR STATISTICS! 


(Thousand metric tons of sulfur content and thousand dollars unless otherwise specified) 


United States: 


Quantity: 
Production: 


EN" "AEN 


ы ШО. зы мз ыы 


MM MOU ed a сыг == == 


Recovered? >o 
Other РБИЕ 


ИНЕ” ЕЕ 
Exports: 


Elemental? 
Sulfuric acid КЕ ЕЕ 


————— 


Imports: 
Elemental Е 


Sulfuric acid с ас 
Consumption, all forms" 
Stocks, December 31, producer, recovered 


Value: 
Shipments, free on board (f.o.b.) mine or plant: 


2 
Recovered * 


Ho НКИ тет ктк несе 
сан СЕЕ НЕЙ 
X BxprscelmenaP o o ooo 


Imports, elemental 
Price, elemental, f.o.b. mine or plant * 
World, production, all forms (including pyrites) 


dollars per metric ton 


Estimated. ‘Revised. 


2006 


8,390 
674 
9,060 


8,290 
674 
8,960 


635 
81 


2,950 
802 
12,000 
221 


272,000 
64,700 
337,000 
437,000 
70,400 
32.85 
67,000 * 


2007 


8,280 
817 
9,100 


8,310 
817 
9,130 


922 
110 


2,930 
857 
11,900 
187 


303,000 
45,200 
349,000 
84,800 
79,400 
36.49 
67,600 ' 


!Data are rounded to no more than three significant digits except prices; may not add to totals shown. 


? Includes U.S. Virgin Islands. 
3Includes exports from the U.S. Virgin Islands to foreign countries. 


4Consumption is calculated as shipments minus exports plus imports. 


5Includes value of exports from the U.S.Virgin Islands to foreign countries 
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2008 


8,550 
753 
9,300 


8,530 
753 
9,280 


953 
86 


3,000 
1,690 
12,900 
211 


2,250,000 
110,000 
2,360,000 
272,000 
753,000 
264.04 
68,100 ' 


2009 2010 
8,190 8,290 
749 791 
8,940 9,080 
8,110 8,350 
749 791 
8,860 9,140 
1,430 1,450 
83 1 
1,700 2,950 
413 690 
9,460 11,300 
232 167 


14,000 586,000 
87,5007 92400 
101,000" 678,000 
82,200 171,000 
54,100 214,000 
1.73 70.16 


66,600 68,100 


INERALS YE 


aRpoo ^ 


uf 
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TABLE 2 


RECOVERED SULFUR PRODUCED AND SHIPPED IN THE UNITED STATES, BY STATE 


(Thousand metric tons and thousand dollars) 


2009 


Shipments 

State Production Quantity Value? 

Alabama 268 264 -4,490 
California 1,010 1,000 4,280 
Illinois 457 457 -1,160 
Louisiana | 1,330 1,370 10,300 
Michigan and Minnesota 35 35 -679 
New Mexico 25 25 388 
Ohio 133 133 460 
Texas m 2,900 2,860 4,450 
Washington 125 126 -284 
Wyoming e 656 668 3,600 
Other? 1,250 1,170 -2,880 
Total 8,190 8,110 14,000 


"Estimated. W Withheld to avoid disclosing company proprietary data; included in “Other.” 
'Data are rounded to no more than three significant digits; may not add to totals shown. 


Production 
259 
1,050 
458 
1,260 
W 

25 
126 
3,100 
139 
624 
1,250 
8,290 


2010 

Shipments 
Quantity Value® 
258 25,100 
1,100 60,800 
457 28,500 
1,240 89,400 
W W 
25 734 
125 13,000 
3,100 233,000 
138 5,890 
625 29,100 
1,290 99,700 
8,350 586,000 


"Includes Arkansas, Colorado, Delaware, Florida, Indiana, Kansas, Kentucky, Mississippi, Montana, New Jersey, North Dakota, 


Pennsylvania, Utah, Virginia, Wisconsin, and the U.S. Virgin Islands. 


TABLE 3 
RECOVERED SULFUR PRODUCED AND SHIPPED IN THE UNITED STATES, 
BY PETROLEUM ADMINISTRATION FOR DEFENSE (PAD) DISTRICT" 


(Thousand metric tons) 


2009 2010 | 


District and source Production Shipments | Production Shipments 

PAD 1: 
Petroleum and coke | ios 166 136 136 
_ Natural gas —— — — 13 13 13 13 
PADO or Ини a 
_Petroleumandcoke | | | | d 932 1,010 1,020 
 Natualgas o 2 28 23 23 
_____973 æ 1077777 


Total 1.040 


PAD 32 


“Petroleum and coke _____ 4,580 4,580 4,680 4,660 
 Natualgas | (0 546 485 486 509 
Total —— $20 500. 5% 3% 
| , 
“Pewroleumandcoke 0080 10 1290 139 
_Naturalgas — — —  — — 1 627 638 647 648 
Grand total 8,190 8,110 8,290 8,350 
Of which: 
Petroleum and coke 6,970 6,950 7,120 7,150 
Natural gas 1,220 1,160 1,170 , 190 


Гаја are rounded to no тоге than three significant digits; may not add to totals shown, 


Includes the U.S. Virgin Islands. 
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TABLE 4 
BYPRODUCT SULFURIC ACID PRODUCED IN THE UNITED STATES ' 


(Thousand metric tons of sulfur content and thousand dollars) 


Type of plant 2009 2010 
Copper? 671 704 
Zinc, lead, and molybdenum? 79 87 
Total: 
Quantity 749 791 
Value 87,500 ' 92.400 
"Revised. 


Мау include acid produced from imported raw materials. Data are rounded to no more than 
three significant digits; may not add to totals shown. 
^Excludes acid made from pyrites concentrates. 


JExcludes acid made from native sulfur. 


TABLE 5 
CONSUMPTION OF SULFUR IN THE UNITED STATES: 


(Thousand metric tons of sulfur content) 


2009 

Elemental sulfur: 

Shipments” 8,110 8,350 
Exports 1,430 1,450 
Imports” 1,700 2,950 

Total 8,380 9,850 

Byproduct sulfuric acid: 

. Shipments 749 791 
Exports” 83 71 
Imports? 413 690 

Total 1,080 1,410 

нин...” 9,460 11,300 

“Estimated. 


'Crude sulfur or sulfur content. Data are rounded to no more than three 
significant digits; may not add to totals shown. Consumption is calculated as 
shipments minus exports plus imports. 

"Includes the U.S. Virgin Islands. 

ЗМау include sulfuric acid other than byproduct. 
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TABLE 6 
SULFUR AND SULFURIC ACID SOLD OR USED IN THE UNITED STATES, BY END USE! 


(Thousand metric tons of sulfur content) 


АА Sulfuric acid 
Elemental sulfur? (sulfur equivalent) Total 
SIC! End use 2009 2010 2009 2010 2009 2010 
102 . Copper ores o Е -- 363 400 363 400 
1094 Uranium and vanadium ores -- -- 2 -- 2 -- 
10 mu Other ores -- -— 112 62 112 62 
26, 261 ____Pulpmills and paper products W W 188 79 188 79 
28, 285, Inorganic pigments, paints, and allied 
286, 2816 products; industrial organic chemicals; 
ЕС other chemical products" W W 286 3l 286 31 
281 Other inorganic chemicals wt W 99 57 99° 57 
282, 2822 Synthetic rubber and other plastic 
PM materials and synthetics | m W W 64 6 64 6 
2823 Cellulosic fibers including rayon -- -- E 
284 _ Soaps and detergents -! -- 3 2 3 2 
286 Industrial organic chemicals a -- -- 36 9 36 9 
2873. Nitrogenous fertilizers -- = 161 16 161 16 
2874 ЕНОВРЛЯНЕ fertilizers -- -- 5,430 5,700 5,430 5,700 
2879 Pesticides -- 3 9 12 9 12 
287 Other agricultural chemicals 1,000 952 44 30 1,050 982 
2892 Explosives -- -- 10 11 10 T 
2899 Water-treating compounds -- -- 64 26 64 » 
28 Other chemical products -- -- 250 21 250 2 
29, 29] Petroleum refining and other petroleum | 
and coal products 2,360 2,050 283 
331 Steel pickling 0 = 5: 8 Pu B „о 
33 Other primary metals - = 5 _ : H 
3691 Storage batteries (acid) -- -- 28 30 28 | Е 
Exported sulfuric acid O - - 197 3 ТЕ p: 
Total identified ЕЕ 3,370 (300 — 74650 68:0 п 
Unidentified 489 482 r | а 
C t 96 96 585 
Grand total 3,860 3,480 7,740 6,980 11,600 di 
, 10,500 


‘Revised. W Withheld to avoid disclosing company proprietary data; included with “Unidentified.” -- Zero. 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 
?Does not include elemental sulfur used for production of sulfuric acid. 


’Standard industrial classification. 
^No elemental sulfur was used in inorganic pigments, paints, and allied products. 
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TABLE 7 
U.S. EXPORTS OF ELEMENTAL SULFUR, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


2010 
Country Quantity Value Quantity Value 
Brazil 383 15,600 632 58,000 
Canada 29 5,730 58 8,620 
China 731 39,800 317 48,900 
Mexico 127 8,030 169 22,100 
Morocco 33 1,610 34 2,890 
Other 122 11,400 235 30,800 
Total 1,430 82,200 1,450 171,000 


‘Includes exports from the U.S. Virgin Islands. Data are rounded to no more than three 


significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 


TABLE 8 
U.S. EXPORTS OF SULFURIC ACID (100% H,SO,), BY COUNTRY! 


2009 


2010 


Sr a An ee Se Ни eS eee 


Quantity Quantity Value 

Country (metric tons) (thousands) (metric tons) (thousands) 

Canada 212,000 $14,300 155,000 512,500 
China 2,750 371 4,670 1,060 
Dominican Republic — 0 649 149 2,530 363 
El Salvador оо 469 74 894 112 
Gema о 494 102 31 69 
Greece | |459ӘД2 505 60 331 38 
Hong Kong 21 57 46 93 
Ireland о 1,180 1,500 956 845 
Israel 2,680 2,340 1,760 2,270 
Korea, Republicof — 79 30 46 23 
Mexico _ 3,810 1,150 14,700 2,390 
Netherlands Antilles — 00 3,040 539 2.000 2,000 
Nigra = 9 35 4 
Philippines — 469 313 1,540 661 
Poland => 0000 825 94 947 108 
Singapore —— 66 143 2,180 591 
Тама) O 843 205 138 161 
Тһайайғд) (00 463 95 693 88 
Trinidad and Tobago — |0 4,760 543 10,500 858 
Venezuela | 16,400 1.070 8,440 577 
Other - 2,230 767 8,100 1,590 
Total - | 254,000 23,900 215,000 26,400 


| yu A Xp E | 
Data аге rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 


ARB 
U.S. GEOLOGICAL SURVEY MINERALS YE 


ook 10 


ЕР 


нинин 


TABLE 9 
U.S. IMPORTS OF ELEMENTAL SULFUR, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


2009 2010 
Country Quantity Value? Quantity Value? 
Canada 1,430 45,800 2,320 * 122,000 
Mexico 125 2,540 378 37,400 
Venezuela 140 2,400 4l 4,200 
Other 6 3,390 211 50,200 
Total 1,700 54,100 2,9506 214,000 


"Estimated. 
Data are rounded to no more than three significant digits; may not add to totals shown. 


2 . 
"Declared customs valuation. 


Source: U.S. Census Bureau and ICIS PentaSul North American Sulphur Service as adjusted by 
the U.S. Geological Survey. 


TABLE 10 
U.S. IMPORTS OF SULFURIC ACID (100% H,SO,), BY COUNTRY' 


2009 2010 
Quantity Value? Quantity Value? 
Country (metric tons) (thousands) (metric tons) (thousands) 
Bulgaria 29,100 $481 == E 
Canada 821,000 118,000 1,150,000 $79,100 
China 392 386 91,000 8,880 
Egypt -- -- 11,500 1,560 
Finland 39,300 4,040 1,000 657 
Germany -- -- 133,000 3,920 
Japan 20,000 477 60,900 3,640 
Korea, Republic of 37,000 4,160 17,000 2,040 
Mexico 108,000 4,750 199,000 11,100 
Peru 66,700 2,300 -- -- 
Poland 30,200 434 79,300 4,200 
Sweden 15,600 742 27,600 696 
Other 98,200 10,300 336,000 23,100 
Total 1,260,000 146,000 2,110,000 139,000 
-- Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


Declared cost, insurance, and freight paid by shipper valuation. 


Source: U.S. Census Bureau. 
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TABLE 11 


SULFUR: WORLD PRODUCTION IN ALL FORMS, BY COUNTRY AND SOURCE"? 


(Thousand metric tons) 


Country and source? 2006 2007 2008 2009 2010 
Australia, byproduct:* 
Metallurgy 880 890 880 870 880 
Petroleum 58 60 58 60 60 
Total 938 950 938 930 940 
Brazil: 
Frasch 2] 22 22 ° 22* 22* 
Byproduct: 
Metallurgy 298 322 322 322 32* 
Petroleum 117 136 136 136 136 
тоа. 436 480 480 480 480 
Canada, byproduct: | 
Metallurgy 1,176 1.167 1,148 € 890 * 900 * 
Natural gas, petroleum, oil sands 7,906 7,622 7,008 ' 6,577 6,355 
Total 9,082 8,789 8,156 " 7,467 7,255 
Chile, byproduct, metallurgy 1,641 1,569 1,573 1,653 ' 1,676 
China: 
Elemental 950 960 960 1,000 1,100 
Pyrites 3,810 4,200 4,300 4,370 4,400 
Byproduct, metallurgy 3,000 3,300 3.350 4,000 4,100 
Total 7,760 8,460 8,610 9,370 9,600 
Finland: 
Pyrites 250 250 250 250 255 
Byproduct: ССС == 
__ Metallurgy 300 300 300 300 300 
Petroleum 65 65 65 65 65 
.. Total B 615 - 615 615 615 590 
France, byproduct ССС 
Natural gas and petroleum i 616 4 606 4 605 605 605 
Unspecified 750 700 700 700 700 
Total INIMA US "С io Di 
Germany, byproduct: 
Metallurgy | BE 2,437 ' 2,454 ' 2,458 ' 2,137' 2,458 
Natural gas and petroleum 1,686 1,637 1,709 1,623 1,447 
Toul 4,124 ' 4,091 ' 4,167" 3,760" 398 
India:* ІП ІЇЎ C CC EM 
_ Pytites _______- _ ~ 32 32 32 32 3l 
_ Byproduct: 
Metallurgy | | | | 600 590 600 590 600 
Natural gas and petroleum | | 540 530 540 530 540 
Toni 1,170 1,150 1170 1,150 70 _ 
Iran, byproduct:° 
_ Metallurgy Вас 65 70 70 70 80 
Natural gas and petroleum | Е 1,400 1,500 1.500 1.500 UN 
ац. | 1,470 1570 — 1,570 1,570 1,780 


See footnotes at end of table. 
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TABLE 11—Continued 
SULFUR: WORLD PRODUCTION IN ALL FORMS, BY COUNTRY AND SOURCE '? 


(Thousand metric tons) 


3 


_  CommyaM?sume 706 207 җ о "3b 
шу,рейеб 2 о сс —__ 
Maly, byproduct IL. e e E 


Metallurgy 
А зз. Чу мз зз у-у, 
Petroleum 
а LL mL мл: 
Total 


Japan, byproduct: 
Metallurgy 
Petroleum 


a se ЛИОНЕ 
Total 


Kazakhstan, byproduct:* 


Metallurgy 
Е азаа. Е 
Natural gas and petroleum 


Total 
ліс e rA UA EL e ee ы Fes Гы 


Korea, Republic of, byproduct: 


90 90 90 90 90 

650 650 650 650 650 
р. 

740 740 740 740 740 
И REEL. A 

1,343 1,250 * 1,300 1,350 1,400 

1,950 1,966 2,034 1,864 € 1,892 

3,293 3,216 3,334 3,214 ' 3,292 

300 300 300 300 300 

1,700 1,661 ^ 1,733 * 1,700 1,700 


2,000 1,961 2,033 2,000 2,000 


Metallurgy А act art ESE a = 
а аи лм | 
Petroleum 660 ' 670! 600 ' 660 660 
отш о ооо оо ооо 660 ' 670 ' 600 ' 660 ' 660 
а E а а. 
Kuwait, byproduct, natural gas and petroleum* 830 ' 830 800 ' 830 830 
Mexico, byproduct: 
Metallurgy 650 550 700 700 700 
Natural gas and petroleum 1,074 1,026 1,041 1,114" 1,110 
Total 1,724 1,576 1,741 1,814" 1,810 
Еа т ла сат s,s ОШ. 
Netherlands, byproduct:* 
Metallurgy 130 130 130 130 130 
= Petroleum = ооо 400 400 400 400 400 
о Теа о оо ооо ооо о ооо 530 530 530 530 530 
CERTA ec Se л ИН м. 
Poland:*? 
Native 800 834 762 263 ^^ 517 
ое ааа 
Byproduct: 
r 
Natural gas 20 23 21 25 25 
Petroleum 182 188 201" 190! 190 
Total 1,000 1,050 984 ' 478 ' 732 
Qatar, byproduct, natural gas 360 * 360 * 527 658 1,124 
Russia: ° 
Native | 50 50 50 50 50 
Pyrites 200 200 200 200 200 
Byproduct: 
Metallurgy 700 800 820 820 820 
Natural gas Е 6,000 6,000 6,100 6,000 6,000 
Total 6,950 7,050 7,170 7,070 7,070 
У 3,300 * 
Saudi Arabia, byproduct, all sources 2,907 3,089 3,163 3,200 
South Africa: Е т 
Pyrites, S content, from gold mines 68 71 61 
B 
eom 3 236 187 175 ^* 160 * 
Metallurgy, copper, platinum, zinc plants 231 и | 
Petroleum 343 335 323 300 ^ 275 
Total 643 642 571 535 ^* 465 * 


See footnotes at end of table. 
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TABLE 11—Continued 


SULFUR: WORLD PRODUCTION IN ALL FORMS, BY COUNTRY AND SOURCE"? 


(Thousand metric tons) 


Country and source? 
Spain, byproduct:* 
Coal, lignite, gasification 
Metallurgy 
Petroleum 
Total 


United Arab Emirates, byproduct, natural gas and petroleum* 


United States, byproduct: 


Metallurgy 
Natural gas 
Petroleum 
Total 
Uzbekistan, byproduct:* 


Metallurgy 
Natural gas and petroleum 
Total 


Venezuela, byproduct, natural gas and petroleum" 
Other“ 
Of which: 


Native 


Pyrites 


Unspecified 
Byproduct: 
Metallurgy 
____ Natural gas! 
Other—Continued:? 
Of which: 
Byproduct—Continued: 


Natural gas and petroleum, undifferentiated? 
Petroleum 
Grand total 
Of which: 
Frasch 


Native 


Pyrites 
Unspecified 


Byproduct: 
Coal, lignite, gasification? 
Metallurgy 


Natural gas’ 

Natural gas and petroleum, undifferentiated? 

Petroleum 
Estimated. "Revised. -- Zero. 
! World totals, U.S. data, and estimated data are rounded to no m 
*Table includes data available through September 28, 2011. 
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2006 2007 2008 2009 2010 
l 1 1 | | 
500 500 500 500 500 
1174 136 4 136 4 136: 1% 
618 637 637 637 637 
1,950 1,950 2,175 4 2,000 1,7621 
2241950 150 М5. 200 ,9 
674 817 753 749 791 
1,430 1.280 1,300 1,220 1,170 
6,960 7,000 7,240 6,970 7,120 
9,060 9,100 9,300 8,940 9,080 
170 170 170 170 170 
350 350 350 350 350 
23505. 350 
520 520 520 520 520 
800 800 800 800 800 
3,820 ' 3,880 ' 3,890 ' 3,690 ' 4,020 
218" 218! 228 ' 209 215 
167 ' 190 ' 205 ' 106 64 
1.150 1,150 ' 1,160 ' 1,190 ' 1,170 
1,020" 1,030" 1,020" 1,000 ' 1,000 
" r = r Im [d = r > 
r 461 
482° 472 428 423 
759 ' 1,110 
780 ' 820 ' 845 ' 
r 66600" 680 
67,000 ' 67,600 ' 68,100 , 
22 
22 
2,020 ' 2,060 " 2,000 ОЕ 
0507 5020 | 
4,530 ' 4,940" 5, 622-5170 
| 020" 5,9 | 
4,810 ' 4,940 ' 5, 
| 
| | 400 
1 L. f 
| 0 Я 16 700 Т 16,800 vi 
16,200 : 16,50 ; 50 7.900 5,22 
7,810 7,670 79 18.100 ' 17,700 
r , 
19,300" 19,0007 18700000, qnm | 
i r 254 ne = 
12,300 ' 12,400 " 12700 . — 
n. | 
sce, dd to totals show | 
ore than three significant digits; тау nas | 
»N 
s YEA 00 


TABLE 11—Continued 


ais 
SULFUR: WORLD PRODUCTION IN ALL FORMS, BY COUNTRY AND SOURCE 3 
а ее Сэ ы кеннен Бе Кызы аз ыы 
*The term “source” reflects the means of collecting sulfur and the type of raw material. Sources listed include the following: Frasch recovery; 
native comprising all production of elemental sulfur by traditional mining methods (thereby excluding Frasch); pyrites (whether or not the 
Къ sulfur is recovered in the elemental form or as acid); byproduct recovery, either as elemental sulfur or as sulfur compounds from coal 


рас gasification, metallurgical operations including associated coal processing, crude oil and natural gas extraction, petroleum refining, 
oil sand cleaning, and processing of spent oxide from stack-gas scrubbers; and recovery from processing mined gypsum. Recovery of sulfur 
in the form of sulfuric acid from artificial gypsum produced as a byproduct of phosphatic fertilizer production is excluded, because to include 


ў it would result in double counting. Production of Frasch sulfur, other native sulfur, pyrite-derived sulfur, mined gypsum derived sulfur, 
Ін byproduct sulfur from extraction of crude oil and natural gas, and recovery from oil sands are all credited to the country of origin of the 
TE extracted raw materials. In contrast, byproduct recovery from metallurgical operations, petroleum refineries, and spent oxides are 


credited to the nation where the recovery takes place, which may not be the original source country of the crude product from which the 
—— sulfur is extracted. 


| “Reported figure. 
7 *Government of Poland sources report total Frasch and native mined elemental sulfur output annually, undifferentiated. 
A $sulfur is thought to be produced from Frasch and as a petroleum byproduct; however, information is inadequate to formulate estimates. 
LN "Excludes “Ecuador, natural gas.” 
Bc *Includes “Ecuador, natural gas." 
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TALC AND PYROPHYLLITE 
By Robert L. Virta 


Domestic survey data and tables were prepared by Robin C. Kaiser, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


In 2010, talc production increased to 604,000 metric tons (t) 
valued at $19.1 million from 511,000 t valued at $14.6 million 
in 2009. Sales of talc increased to 567,000 t valued at $84.9 
million from 512,000 t valued at $57.2 million in 2009. U.S. 
apparent consumption of talc increased to 622,000 t in 2010 
from 457,000 t in 2009. Exports of talc increased to 224,000 t in 
2010 from 188,000 t in 2009, and imports increased to 242,000 
tin 2010 from 134,000 t in 2009. U.S. production and sales 
of pyrophyllite increased in 2010 (data are withheld to avoid 
disclosing proprietary information). World production of talc 
and pyrophyllite was unchanged at 7.2 million metric tons (Mt) 
in 2010 from that of 2009. 


Legislation and Government Programs 


In 2010, the U.S. Department of Defense authorized the 
disposal of 865 t of block and lump talc and 621 t of ground 
talc, the entire uncommitted inventory of the National Defense 
Stockpile (NDS). There were no sales from the NDS in 2010. 


Production 


Talc.—Domestic production data were obtained through a 
voluntary survey of U.S. mining companies conducted by the 
U.S. Geological Survey (USGS). Survey forms were sent to 
six companies that mined talc, and responses were received 
from four companies. Responses accounted for essentially 
all of the production data presented in table 1. Data for the 
nonrespondents were estimated from preliminary reported data 
based on 9 months of production in 2010, reported prior-year 
data adjusted according to employment and consuming industry 
trends and Mine Safety and Health Administration employment 
data. 

In 2010, three companies operating six mines in three States 
mined talc. All were open pit mining operations. The producers 
were, in decreasing order of production, Luzenac Group (a 
division of Rio Tinto plc) in Montana and Vermont, Specialty 
Minerals Inc, (a subsidiary of Minerals Technologies Inc.) in 
Montana, and American Talc Co. in Texas. Alberene Soapstone 
Co. in Virginia and CAL-TALC, Inc. in California worked 
from stockpiles in 2010. The three leading domestic producers 
collectively accounted for all of the U.S. tonnage mined. 

U.S. mine production increased to 604,000 t valued at $19.1 
million compared with 51 1,000 t valued at $14.6 million in 2009 
(table 1). Production rebounded from that of 2009 because of 
Increased manufacturing activity associated with the economic 
гесоуегу in the United States and many other countries. 
Production increased in Montana and Vermont and remained 
unchanged in Texas. Montana led all States in the tonnage of 
talc produced, followed by Texas and Vermont. 


TALC AND PYROPHYLLITE—2010 


Pyrophyllite. —Domestic production data of pyrophyllite (a 
hydrous aluminum silicate with a structure similar to talc) were 
acquired through a voluntary USGS survey of the two U.S. 
companies. One company responded to the survey. Data for the 
nonrespondent were estimated from preliminary reported data 
based on 9 months of production in 2010, reported prior-year 
data adjusted according to employment and consuming industry 
trends, and Mine Safety and Health Administration employment 
data. 

Standard Mineral Co. operated two mines in North Carolina, 
and Standard Industrial Minerals, Inc. operated one mine 
in California. U.S. production increased slightly in 2010 in 
response to increased manufacturing activity in the United 


_ States. Domestic data were withheld to avoid revealing 


company proprietary data. 
Consumption 


Domestic consumption data for talc and pyro hyllite 
developed by the USGS from a voluntary 8 of U.S. mills 
Survey forms were sent to 7 companies operating 10 mills in | 
6 States for talc and 2 companies operating 2 mills in 2 States 
for pyrophyllite. Responses from four companies accounted 
for more than 99% of the talc data presented in table 2. The 
remaining data were estimated from preliminary data based on 9 
months of production in 2010, reported prior-year data adjusted 
according to employment and consuming industry trends, and 
Mine Safety and Health Administration employment data 

Talc.—Sales and use were 567,000 t of talc valued at $84 9 
million in 2010, an increase from 5 12,000 t valued at $57.2 | 
million in 2009 (table 1). U.S. producers reported that talc ld 
domestically and not exported increased to 454 000 t in 20 | 
from 421,000 t in 2009. Ceramics (mainly ceramic tiles) w 
the leading market, followed by paper, paint, roofing, pla n 
cosmetics, and rubber, in decreasing order of consum e di 
(table 2). Sales to the domestic ceramics, paint р. 4 
roofing industries each increased more than 8% in 2010 
compared with those of 2009. Domestic sales for cosmeti 
and plastics applications increased slightly and sales to rub 
markets decreased in 2010. The largest increase was b 7 
tonnage, in sales for paper applications. id 
_ Specialty Minerals reported that revenue from talc sale 
increased to $44 million in 2010 from $32.3 million in 255 
result of a 9% increase in tonnage sold and increased ri ^i 
talc products. Sales to residential and commercial es s 
and automotive markets by the company improved in ою 
(Minerals Technologies Inc., 201 la, p. 22). 

Sales of talc to manufacturers of ceramics (mainly tile), ра; 
and roofing were tied to commercial and home ны a 
renovation. Construction starts for new privately owned 15 км 
Increased to 588,000 units in 2010 from 554,000 units in 2009, 
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but the value of all construction (residential and commercial) 
decreased to $815 billion in 2010 from $908 billion in 2009 
(U.S. Census Bureau, 2011a, c). 

Shipments of architectural paint (a major paint market for 
talc) increased to 2.49 billion liters (659 million gallons) in 
2010 from 2.34 billion liters (617 million gallons) in 2009 
(U.S. Census Bureau, 2011d). The U.S. International Trade 
Commission (undated) reported that imports of ceramic tile 
under Harmonized Tariff Schedule of the United States (HTS) 
codes 6907.10.00, 6908.10.10, 6908.10.20, and 6908.10.50 
increased in quantity to 7.10 million square meters valued at 
$68.4 million in 2010 from 6.95 million square meters valued 
at $68.6 million in 2009. Ceramic tile is a major market for talc, 
and U.S. producers sell their talc to domestic tile manufacturers, 
whose tile competes with imported ceramic tile. 

Most of the 242,000 t of imported talc listed in table 4 was not 
included in the domestic end-use data in table 2. An estimated 
end-use breakdown of sales of imports in 2010 is plastics, 
140,000 t; cosmetics, 30,000 t; paint, 25,000 t; ceramics and 
refractory products, 12,000 t; paper, 10,000 t; rubber, 8,000 t; 
and other (unspecified), 17,000 t. Combining domestic sales by 
U.S. producers (table 2) with sales of imported talc, markets 
in the United States were, in decreasing order of consumption, 
plastics, ceramics, paint, paper, cosmetics, roofing, and rubber. 

Pyrophyllite.—In 2010, domestic consumption of 
pyrophyllite increased from that of 2009; data are withheld to 
avoid disclosing company proprietary data. Pyrophyllite was 
used in refractory products, paint, ceramics, and unspecified 
applications, in decreasing order of consumption. Refractory 
uses accounted for more than 5096 of domestic pyrophyllite 
sales. 


Prices 


In 2010, the unit value of crude talc was estimated to be $32 
per metric ton compared with $29 per ton in 2009. Nearly all 
talc sold in the United States was sold only after crushing and 
grinding. Following sorting to remove waste, primary crushing, 
and screening, the unit value of the unmilled talc would likely 
range from $50 to $60 per ton. The average reported unit value 
of processed talc was $150 per ton in 2010, a large increase 
from the unit value of $112 per ton in 2009. The higher unit 
value in 2010 resulted largely from increased sales to higher 
value talc markets, such as paint and paper, as well as price 
increases that reflected increased operating costs. The unit 
values of crude and processed pyrophyllite were essentially 
unchanged in 2010. 

The average free alongside ship unit value of all exports 
increased to $211 per ton in 2010 from $200 per ton in 
2009 (table 3). The unit value for milled talc (HTS code 
2526.20.00.00) exports increased to $210 per ton in 2010 from 
$199 per ton in 2009. The average free alongside ship unit value 
for exports of unmilled talc (HTS code 2526.10.00.00) increased 
slightly to $465 per ton in 2010 from $460 per ton in 2009. The 
unit value of unmilled talc was greater than milled talc because 
there were large numbers of high-value, low-tonnage exports 
of unmilled talc; milled talc had more large-tonnage, low-value 
exports. 


The average Customs unit value for all talc imports was 
$278 per ton in 2010 compared with $357 per ton in 2009. 
The average unit value for imports of unground talc (НТ$ 
code 2526.10.00.00) was $206 per ton in 2010, a decrease 
from $287 per ton in 2009. Lower prices for unground talc 
from China were largely responsible for the decline in unit 
value. The average customs value for ground talc (HTS code 
2526.20.00.00) was $235 рег ton in 2010, a decrease from $% 
per ton in 2009. Lower prices for ground talc from Canada an 
China were largely responsible for the decline in unit value. 
The average customs value for cut or sawed talc (HTS code 
6815.99.20.00) was $975 per ton, a decrease from $1,080 per 
ton in 2009 (table 4). 


Foreign Trade 


This section summarizes significant trade statistics on tal. 
Detailed statistics, by country and U.S. port districts, are | 
available from the U.S. International Trade Commission on is 
Interactive Tariff and Trade Dataweb Website (U.S. Internation! 
Trade Commission, undated). Trade in talc increased in 2010 
compared with that in 2009 as the economies of many nations 
began to recover from the 2008-09 economic recession. "e 
talc exports increased in tonnage to 224,000 t valucd ЯГ. 
million in 2010 from 188,000 t valued at $37.6 million i 
2009. By tonnage, Mexico was the leading destination ни 
from the United States with 78,000 t, followed by pen 
54,000 t (table 3). These two countries accounted for e: : 
U.S. exports. The remainder was exported to 60 other co 
About 94% of talc exports were milled. TT 

U.S. talc imports increased to 242,000 t valued + ; 
million in 2010 from 134,000 t valued at $47.9 mi E ~ 
Canada and China accounted for most of the ЕЕ ik 
By tonnage, China was the leading source ji pe Kf 
with 44% of the tonnage, followed by us m 3) ot 
tonnage (table 4). The remainder was impo "m ш 
countries. Imports from Japan were likely pyroP 


than talc. 


World Review Ее 
i stima 
World production of talc and pyrophy gon chin was 

be 7.2 Mt in 2010, unchanged from that 0 у 4 ^ dere 
the world's leading producer of talc, d d, and Fras 
order by quantity, the United States, India, di producer ° 
(crude). The Republic of Korea was the E Brazil, Chin, 
pyrophyllite, followed by Japan апа Вга2!. 
Finland, France, India, Ja 


pan, the Rep f th 
«ої 
United States together produced ads Minerals 
ite (table 5). еріс Tinto М“, 
gen i. the parent company i о ph 
Rio Tinto ріс, [с division ІЛ a binding 
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шей Australia.—Rio Tinto Minerals, a division of Rio Tinto plc, 


orb терап operating a new $11 million talc beneficiation plant at its 


IWSiftehree Spring mine. The new plant can crush, screen, and wash 


06 pettna‘’p to 200 metric tons per hour of primary ore. Overall capacity 
overpistyas 150,000 tons per year of high grade ore. The plant was 30% 


хи (таоге energy efficient than the old plant (Rio Tinto Minerals, 
ме нет 10). 

malis Canada.—Sherritt International Corp., announced that it 
їл :/оша close its Canada Talc mine and plant in Madoc and 
(уђе аппога, Ontario. The company indicated that the cost of 

гш Шр talc underground was no longer economically viable at 
(баба позе operations. Its mine had been in operation for about 130 


ears (Sherman, 2010; Sherritt International Corp., 2011, p. 48). 


Spain.—Rio Tinto Minerals announced plans to close its 
«espina talc mine in Leon in 2011. The mine, which operated 
ог 35 years, had exhausted its talc reserves. Rio Tinto also 

ибаниерегае4 a talc mine near Malaga (Watts, 2010). 

nd USt: 

іші ди оок 

did In 2010, the global talc industry showed signs of recovery 
ake om the 2008-09 worldwide economic recession. U.S. 

257 dustrial production increased 5% through April 2011 

Pes" ompared with the same time period in 2010 (Federal Reserve 
P oard, The, 2011). The value of manufacturers’ shipments 

iit creased 4.8% for automobiles, 23.9% for light trucks and 
ШАШ, vehicles, 3.8% for paper products, and 4.9% for plastics 
I ng rubber products (U.S. Census Bureau, 2011b). This 

ins! uggests that talc used in catalytic converter bodies (ceramics), 


af utomotive and truck body and underhood components 


o. 


i plastics), printing papers (pitch control), and rubber (fillers and 


iixtenders in tires and other rubber components) may increase 
ый "ог the next 1 to 2 years. Paint shipments increased in 2010 
wut slowed in early 2011 (U.S. Census Bureau, 2011b, d). The 
si^3low commercial and residential construction markets in the 
y("Inited States are likely to affect sales of talc into such markets 
sitis adhesives, caulks, ceramics (particularly ceramic tile), joint 
В :ompounds, architectural paint, and roofing for the next 1 to 2 
years. 
Rio Tinto and Minerals Technologies reported increased 
xroduction of talc (5% and 12%, respectively) in the first 
| їчапег of 2011, compared with that of the first quarter of 2010 
Й «Minerals Technologies Inc., 20115; Rio Tinto plc, 2011а). 
^ These increases, by the two leading U.S. producers of talc, 
iF suggested that U.S. talc production and sales may rebound 8% 
И to 12% overall in 2011. The growth in world talc production is 


Y^ likely to be similar to that of the United States. U.S. pyrophyllite 


^ production and sales increased slightly in 2010 as the U.S. 


^ economy began to recovery from the 2008—09 recession. Sales 
#40 major industries that use pyrophyllite to produce ceramic, 


„paint, and refractory products are likely to increase 3% or 4% 
M per year in the next few years. 

ph 
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TABLE 1 
SALIENT TALC AND PYROPHYLLITE STATISTICS! 


(Thousand metric tons and thousand dollars) 


2006 2007 2008 2009 2010 
United States: 
Mine production, crude: 
Quantity: 
Talc 895 769 706 511 604 
Pyrophyllite W W W W W 
Value: 
Talc 27,400 24,400 21,800 14,600 19,100 
Pyrophyllite W W W W W 
Sold by producers, crude and processed: 
Quantity: 
Talc 900 720 667 512 567 
Pyrophyllite W W W W W 
Value: 
Talc 81,300 82,000 83,300 57,200 84,900 
Pyrophyllite W W W W W 
Exports, talc: 
Quantity 253 271 244 188 224 
Уаше 46,800 50,600 46,000 37,600 47,200 
Imports for consumption, talc: 
Quantity 314 221 193 134' 242 _ 
Value 66,700 64,100 56,400 47,900 67,100 
Apparent consumption? 956 719 655 о е 
World, production 7,710 7,730 г 7,590 ' 7,230 ' 1200 


*Estimated. 'Revised. W Withheld to avoid disclosing company proprietary data. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 

Excludes powder—talcum (in package), face, and compact. | 
Production plus imports minus exports plus adjustments in Government and industry stocks. Does not include pyrophyllite. 


TABLE 2 
END USES FOR TALC 
PRODUCED IN THE UNITED STATES 


(Thousand metric tons) 


PNIS а м ________- 111 

Ceramics! i 16 
Cosmetics 81 88 
Paint 81 101 
Paper 39 40 
Plastics 31 41 
Roofing 14 11 
Rubber 65 Ек: 
Other? 5 р A 
Total оо 
! Includes tile. 


% . .. * I 5 and other 
Includes art sculpture, construction caulks, insecticides, joint compound 


uses not specified. 
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TABLE 3 
U.S. EXPORTS OF TALC!” 


(Thousand metric tons and thousand dollars) 


ну 2009 2010 
Country Quantity Value! Quantity 
Belgium - -- 3 
5 2 Canada" 54 10,400 54 
DE Germany - - (5) 
= Japan 5 743 5 
ЕЕ Мехісо mu 67 6,850 78 
—— Singapore 3 1,170 11 
— Other? 59 18,400 73 
Total 188 37,600 224 
; -- Zero. 
— 'Data are rounded to no more than three significant digits; may not add to totals shown. 
a Excludes powders—talcum (in package), face, and compact. 
ii *Free alongside ship. 
E *Probably includes shipments in transit through Canadian ports. 
mE 5 ее than М unit. 
к “Includes 53 countries іп 2009 and 56 countries іп 2010. 
o 
Ser Source: U.S. Census Bureau, data adjusted by the U.S. Geological Survey. 
= 
— 
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Value? 
504 
10,700 
72 
1,040 
7,870 
3,810 
23,200 
47,200 


75.5 


neang $08090) ‘S'N :321106 


"OLOZ U! вәіципоэ 67 pue 6002 ut sotnunoo cz ворпјош, 


'әп[ел разејоор 510510 "Sn. 
“UMOYS S[£30] 0] ppe jou Аеш 5118р уџеоутиЗ1ѕ ooJq) че әлош ou ој popunoz эле eed, 


'0197 -- "рәѕіләҹ, 

001779 000% 006%91 00941 006'c€ 000 0v1 00£'£1 000%8 1910]. 
00401 0098 062 1 С? 0844 002 0494 0109 (PWO 
OLS'I OvO'€ 90I 0? 091 000“ zs = uedef 
91 01671 du Ж 91 016'I ба 7 әзе 
001°0© 000°SOI 556 CES 0£9'c 00992 00S'S1 006'LL Buy) 
00Z'c€ 00/16 0051 O0I'S1 00€'61 009°9L 6I vi ереие> 
08011 06141 0121 216 SE Lvl lv ТЕ 


112818 
:010c 
0064% 1 00061 00691 001451 009'81 1 009°EL o0T'€I 009%? [BIOL 
00c'€ 1 00L°92 9/6 6tL 0092 


100092 1с 01 PWO 

0861 IS AES S7 8p 06671 00L‘S = = ueder 
651 895 ig а 651 895 = = oouelJ 

: 006'€1 00<16 761 IEE 908 00ғ< 0081 009°? Bury) 
0082 009'8t 0021 0081 0091 008'c€ vc €I ерепегу 
SL6$ ОРЕ 9Е6$ 091 РЕФ TLI 5% t 12814 

:600С 
(spuesnoy}) (suo) SLOW) (spuesnoy}) (suoi ошош) (spuesnou}) (suo) о1цәш) (spuesnou) (5001 31391) Адипог) 
РЕД АуппепС) ел. Азциепо) ЭМЕЛ Ayyuend МЕЛ Ациепо 
panyoggnueuixun [230 ү pomes pue mo рәләрмоа Jo рәцѕтио рәзәрмо Jo рэЧ$пло JON 


АЗІМПОО АЯ ‘ТУІ JO NOLLAWNSNOD МОЯ SLUOdWI `$`П 
У TISVL 


75.6 


j 


Eee - 


TABLE 5 


1,2 
TALC AND PYROPHYLLITE: WORLD PRODUCTION, BY COUNTRY AND PRODUCT 


Country’ 
Argentina, talc and related materials 
Australia: ^ 
Pyrophyllite 
Talc 
Austria, soapstone and talc, crude m 
Bhutan, talc 


Brazil, talc and pyrophyllite 
Canada, pyrophyllite, soapstone, talc 
Chile, talc 
China, unspecified" 
Egypt, pyrophyllite, soapstone, steatite, talc 
Finland, talc’ _ 
France, talc, crude® 
Guatemala, talc 
Hungary, talc* 
India: 
Pyrophyllite 
Steatite 
Iran, (ајсе > 
Italy, steatite and talc* 
Japan: 
Pyrophyllite 
Talc 
Korea, North, unspecified* 
Korea, Republic of: 
Pyrophyllite 
Talc 
Macedonia, talc 


Mexico, talc 
Morocco" 
Nepal, talc’ 
Norway, soapstone, steatite, talc* 
Pakistan, pyrophyllite 
Paraguay, pyrophyllite, soapstone, talc* 
Peru: 
Pyrophyllite 
Talc 
Portugal, taic 
Romania, talc* 


Russia, talc* 
South Africa: 
Pyrophyllite 


Tale 
ERR 22 ы Saree ERR ete ce, = ee Ee a И 


Spain, steatite and talc‘ 


ЕЗАРА, 


Sweden, soapstone and talc* 
Thailand: 


Pyrophyllite | 
Talc 


Turkey, talc and pyrophyllite 
See footnotes at end of table. 


TALC AND PYROPHYLLITE—2010 


(Metric tons) 
2006 2007 
23,113" 24,836 
1,200 1,200 
130,000 120,000 
159,447 153,409 
45,000 * 62,015 
389,471 401,204 
72,000 79,000 
1,961 2,104 
2,400,000 2,000,000 
40,000 * 67,000 
550,000 550,000 
420,000 420,000 
526 1,291 
500 500 
86,000 87,000 
560,000 555,000 
70,000 90,889 
146,942 ° 140,000 
350,000 345,000 
25,500 26,000 
50,000 50,000 
677,465 798,054 
64,118 9,557 
1,025 1,775 
9,834 9,800 
2,000 2,000 
6,648 9,043 
28,000 28,000 
24,529 32,675 
200 200 
14,500 13,925 
9,550 9,171 
5,517 12,367 
2,967 $ 1,513 
160,000 170,000 
74,886 123,573 
10,966 14,281 
100,000 100,000 
14,000 $ 14,000 
131,843 415,420 
4,374 3,508 
4,969 12,722 


r 


r 


е 


~“ 


2008 
22,218 


1,200 
120,000 
154,577 

56,077 
401,210 
70,000 
2,108 
2,200,000 
69,000 
550,000 
420,000 
1,030 

500 


87,000 
560,000 
90,000 
140,000 


350,000 
26,000 
50,000 


892,625 
6,438 
977 
17,577 
2,000 
9,040 
28,000 
33,000 
200 


14,733 
17,984 
8,447 
1,700 
160,000 


80,704 
5,145 
100,000 
14,000 


106,600 
3,264 
3,364 


r 


= 


= 


t 


2009 
22,894 ' 


1,200 
120,000 
111,388 * 

56,000" 
401,300 
44,000 

1,202" 
2,300,000 

72,000" 
500,000 
420,000 
6,355 
500 


88,000 
550,000 
90,000 
140,000 


340,000 
25,000 
50,000 


617,411 " 
5,996 ' 


r 


= 


33,421 ' 
2,000 
9,000 

28,000 

35,000 ' 

200 


14,750 4 
13,296 * 
8,500 

500 ' 
160,000 


114,889" 

4,718 € 
100,000 
14,000 


200,000 ' 
3,000 * 
6,887! 


2010“ 
23,000 


1,200 
120,000 
150,000 

60,000 
410,000 
96,000 
1,500 
2,000,000 
75,000 
500,000 
420,000 
5,000 

500 


87,000 
550,000 
90,000 
140,000 


340,000 
24,000 
50,000 


700,000 
6,000 
33,000 
2,000 
9,000 
26,000 
34,000 
200 


14,800 
13,300 
8,500 
1,000 
160,000 


122,511 
3,150 
100,000 
14,000 


200,000 
3,000 
8,000 


~ 
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TABLE 5—Continued 


TALC AND PYROPHYLLITE: WORLD PRODUCTION, BY COUNTRY AND PRODUCT"? 
(Metric tons) 
Country" 2006 2007 2008 2009 2010“ 
United Kingdom, pyrophyllite, soapstone, talc" 6,000 * 6,000 6,000 6,000 6,000 
United States: 
Pyrophyllite W W W W W 
Talc 895,000 769,000 706,000 511,000 604,000 ° 
Uruguay, pyrophyllite, soapstone, talc" 1,150 1,150 1,150 1,150 1,150 
Zimbabwe, talc“ 140 200 200 200 200 
Grand total 7,770,000 7,730,000 * 7,590,000 ' 7,230,000" 7,210,000 
Of which: 
Pyrophyllite 1,360,000 ' 1,820,000 1,570,000 1,410,000 ' 1,500,000 
Steatite 560,000 555,000 560,000 550,000 550,000 
Talc 2,410,000 * 2,280,000" 2,200,000 ' 1,970,000 ' 2,060,000 
Unspecified 3,440,000 ' 3,080,000 " 3,260,000 ' 3,300,000 ' 3100000 — 
"Estimated. PPreliminary. Revised. W Withheld to avoid disclosing company proprietary data; not included in “Total.” — Zero. 
World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
?Table includes data available through April 29, 2011. 
?In addition to the countries listed, Nigeria may produce talc, but information is inadequate to estimate output. 
^Data based on fiscal year ending June 30 of year stated. 
‘Data based on fiscal year beginning March 21 of year stated. 
*Reported figure. 
"Data based on fiscal year beginning mid-July of year stated. 
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» THORIUM 
By E. Lee Bray 


ГЕ Domestic survey data and tables were prepared by Martha L. Jackson, statistical assistant, and the world production table 


d 78S prepared by Lisa D. Miller, international data coordinator. 


ї Тһогіит consumption worldwide is relatively small 
И tompared with that of most other mineral commodities. There 
"vas no domestic production of thorium reported in 2010. All 
_r0rium alloys, compounds, and metal used by the domestic 
МИ “adustry were derived from company stocks, imports, or 
iaterial previously acquired from the U.S. Government 
ME Xockpile. Domestic imports for consumption of refined 
WW" ^orium products increased by 35% in 2010, according to data 
№ 4ollected by the U.S. Census Bureau (tables 1, 2). The value 
1 З thorium compounds used by the domestic industry in 2010 
-м "as $208,000, a decrease of 24% from $275,000 in 2009. 
кі Шу minor amounts, less than 10 metric tons (t) of thorium, 
ге typically used annually. However, large fluctuations in 
onsumption are caused by intermittent use, especially for 
atalytic applications that do not require annual replenishment. 
12010, India (8796) and France (13%) were the leading sources 
f thorium compound imports. 
Thorium has been found to some extent in every continent 
f the world, but is concentrated in a few geologic deposit 
Грез. There are three principal sources of thorium that are of 
ommercial interest —monazite in heavy-mineral sand placer 
nd vein deposits, thorite ores in vein deposits, and thorium 
"covered as a byproduct of uranium mining. Thorium and 
$ compounds were produced primarily from the mineral 
lonazite, which was recovered as a byproduct of processing 
eavy-mineral sands for zircon and the titanium minerals, 
menite and rutile, or the tin mineral cassiterite. Monazite was 
"covered primarily for its rare-earth content, and only a small 
'action of the byproduct thorium produced was consumed. 
lonazite-producing countries were, in decreasing order of 
roduction, India, Brazil, and Malaysia (table 3). 
Problems associated with thorium's natural radioactivity 
"presented a significant cost to those companies involved in 
$ mining, processing, manufacture, transport, and use. The 
osts to comply with environmental regulations and potential 
га! liabilities and the high costs to purchase storage and waste 
ISposal space were the principal deterrents to its commercial 
se. 
Limited demand for thorium, compared with demand for rare 
arths produced from thorium-containing minerals, continued 
? create a worldwide oversupply of thorium compounds and 
2sidues. Most major rare-earth processors have switched feed 
Yaterials to thorium-free intermediate compounds, such as 
are-earth chlorides, hydroxides, or nitrates. Excess thorium 
ot designated for commercial use was either disposed of as 
low-level radioactive waste or stored for potential use as a 
uclear fuel or in other applications. Principal nonenergy uses 
ave shifted from refractory applications to chemical catalysts, 
ghting, welding electrodes, and heat resistant ceramics, in 
€scending order of use. 
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Production 


Domestic mine production data for thorium-bearing minerals 
were developed by the U.S. Geological Survey from a voluntary 
canvass of U.S. thorium operations. The one mine to which a 
canvass form was sent responded. Thorium was not produced 
in the United States in 2010, and the mine that had previously 
produced thorium-bearing monazite at Green Cove Springs, 

FL, (Iluka Resources Inc., a wholly owned subsidiary of Iluka 
Resources Ltd.) ceased production of zircon from tailings during 
2009. The monazite production capacity has been on care- 
and-maintenance status for several years. Monazite was last 
produced in the United States in 1994. 


Consumption 


Statistics on domestic thorium consumption were developed 
by evaluating import and export data, and surveying various 
processors and manufacturers. Domestic thorium producers 
and processors that were surveyed reported no consumption 
of thorium oxide equivalent in 2010 and were temporarily 
shut down owing to the lack of thorium demand. Additional 
information on domestic consumption was not available. 
Essentially all thorium alloys and compounds used by the 
domestic industry were derived from imports, company 
stocks, or materials previously sold from the National Defense 
Stockpile. Domestic companies processed or fabricated 
various forms of thorium for nonenergy uses, such as ceramics, 
chemical catalysts, lighting, and welding electrodes. Lightbridge 
Corp. (McLean, VA) continued work on the design of a light 
water reactor using thorium (Lightbridge Corp., 2010). 


Prices 


Thorium oxide prices in 2010, as quoted by Rhodia Inc. 
(Cranbury, NJ) [a subsidiary of Rhodia S.A. (La Rochelle, 
Poitou-Charentes, France)] were estimated to be the same as 
those of the previous year (table 1). At yearend, the estimated 
price for thorium oxide delivered, duty paid, was $300 per 
kilogram for 99.9% purity, the same as that at yearend 2009. In 
2007, the 99.99%-pure thorium oxide product was discontinued. 
Thorium nitrate prices from Rhodia were estimated to be 
unchanged at $27 per kilogram for mantle-grade material. 
Thorium nitrate was used in the manufacture of mantles for 
incandescent “camping” lanterns, including natural gas lamps 
and oil lamps. Thorium mantles provide an intense white light 
that is adjusted toward the yellow region by a small addition 
of cerium. Thoriated mantles were not produced domestically 
owing to the development of a suitable thorium-free substitute. 


Foreign Trade 


Exports of thorium compounds from the United States were 
1,500 kilograms (kg) valued at $605,000, a decrease from 4,730 
kg in 2009 (table 2). Principal destinations were, in order of 
quantity, Singapore, Canada, the United Kingdom, and Saudi 
Arabia. 

Imports of thorium compounds in 2010 totaled 3,030 kg 
valued at $208,000, an increase from 2,250 kg valued at 
$275,000 in 2009. India and France were, in order of quantity, 
the leading suppliers of thorium imports in 2010 (table 2). 
Rhodia's rare-earth separation plant in La Rochelle remained the 
principal source of thorium compounds imported into the United 
States. Most of the thorium was supplied from older stocks that 
were produced when the plant was processing monazite. In 
2010, the La Rochelle plant processed intermediate rare-earth 
concentrates that had the thorium removed. No thorium ores or 
concentrates were imported in 2010; imports of thorium ores 
and concentrates including monazite were 26,000 kg in 2009. 


World Review 


Thorium demand worldwide remained depressed because of 
concerns about its naturally occurring radioactivity. Industrial 
consumers expressed concerns about the potential liabilities, the 
cost of environmental monitoring to comply with regulations, 
and the cost of disposal at approved waste burial sites. Interest 
in thorium increased worldwide, however, as various countries 
exhibited an interest in thorium-fueled nuclear power as an 
alternative to uranium. In 2010, exploration for rare-earth 
elements associated with thorium continued in Canada, India, 
and the United States. 

France.—Areva Inc. (Paris, France) announced construction 
of a facility in Bessines to extract lead 212 for use in 
experimental cancer treatments. Lead 212 is a daughter product 
of thorium 232, and Areva planned to extract the lead from 
thorium using proprietary technology. The facility would be 
completed in 2013 (Areva Inc., 2010). 

India.—The Indian Department of Atomic Energy designed 
a 300-megawatt (MW) advanced heavy water reactor fueled by 
thorium. The reactor would be built at Kalpakkam, where an 
experimental thorium reactor was already located. The reactor 
was scheduled for completion by 2019 (Outlook India, 2010; 
Sabha, 2010). 

Indian Rare Earths Ltd. planned to construct a monazite 
processing plant at its Orissa Sands Complex in the Ganjam 
district. The plant would have a capacity of 10,000 metric tons 
per year and be operational in 2013 (Hindu, The, 2010). 

Japan.—International Thorium Energy Molten-Salt 
Technology Inc. announced plans to develop a thorium molten 
salt reactor. Thorium fluoride fuel would be dissolved in molten 
beryllium and lithium fluoride salts. The reactor would operate 
at normal pressure, a design that is perceived to be safer than the 
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solid-fuel reactors that operate in high-pressure containers. A lj 
MW pilot plant would be built, and then, a 200 MW powerplant 
is proposed if the pilot plant is successful. A schedule was no 
available (International Thorium Energy Organization, 2010), 


Outlook 


Thorium use in the United States has decreased substantially 
since the early 1990s. Domestic consumption is expected 
to remain at recent low levels unless thorium's use asa 
nonproliferative nuclear fuel becomes widely commercialized 
or a low-cost technology 1$ developed to dispose of thorium 
residues created as a byproduct during mineral processing, 
specifically monazite. In the long term, high disposal costs, 
increasingly stringent regulations, and public concerns related 
to thorium's natural radioactivity are expected to continue to 
discourage its use in global nonenergy applications. Interesti 
thorium-powered nuclear reactors was expected to increase, 
especially after the accidents at nuclear reactors in Japan, whic 
were damaged by tsunamis triggered by an earthquake on 
March 11, 2011. 
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iln; SALIENT U.S. REFINED THORIUM STATISTICS! 
West dn | | 
ШЕШІ (Kilograms and dollars per kilogram) | 
7 | 2006 2007: 2008 2009 2010 — 
Exports, gross weight: ELE 
“и _ Thorium ore, including monazite | А 1800 O 
| Compounds E 1,090 1,630 12,600 4,30 1,500 
А Imports for consumption, gross weight: _ 
ess boncis Thorium ore, including monazite 10,000 o=- m 26,000 _ -- 
Пе . Compounds u 48,000 6,370 692 2,250 __ 3,030 | 
а Prices, yearend: | 
mu . Nitrate, gross weight^? 27.00 27.00 27.00 27.00 27.00 * 
. n Oxide, 99.9% purity? — 175.00 20000. 300.00 300.00 300.00 € 
ms “Estimated. -- Zero. 
aps ‘Data are rounded to no more than three significant digits, except prices. 
I aus. ?Data estimated by the U.S. Geological Survey. 
тд "Less than % unit. 
Ld id “Source: Rhodia Canada Inc., free on board port of entry, duty paid, thorium oxide basis. 
йш: 5$оигсе: Rhodia Inc. 
{ше 
ТАВГЕ 2 
ats U.S. FOREIGN TRADE IN THORIUM AND THORIUM-BEARING MATERIALS! 
i | 2009 2010 Е 
i Quantity — / Quantity Е 
ur BEEN _______ _ (kilograms) Vale (kilograms) Value Principal destinations/sources and quantities, 2010 
Бро —— Е. 
ње . Thorium ore, monazite concentrate —— 18,000 $269,000? 0 $15,200 Algeria. 
E Compounds 4,730 379,000 1,500 605,000 Singapore 600; Canada 250; United Kingdom 250; 
5 = ПУТ РЕН Saudi Arabia 210. 
Ке Imports for consumption: — — MES 
a __Thorium ore, monazite concentrate _ |. 26000 __ 19,500 / = - XX 
ШУ “Compounds | _ 2250 275000 3,030 208,000 India 2,620; France 400. Ib 
T" ХХ Not applicable. -- Zero. EM Ки нан EN Ш 
и ‘Data are rounded to no more than three significant digits. 
" Pan estimated by the U.S. Geological Survey. 
y il Less than У unit. 
A Source: U.S. Census Bureau. 
yn 
TABLE 3 
MONAZITE CONCENTRATE: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 
4 (Metric tons, gross weight) 
JA Country? 2006. 2007 - оз оо "wy 
Brazil 958 * 1,173 4 | 1,200 3 1,200 DUBIUM s 
Inda — 00 E А 5,000 5,000 5,000 5,000 5.000 
К Malaysia _ 2 LL 84* 682 * 2.02837 25" “36 
d ТОРЕ m" 6850 7 65860 _ 6430" | 6,230 ' 20 
| "Revised. MEM Rid сова 
j^ World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
s ubl includes data available through May 9, 2011. 
In addition to the countries listed, China, Indonesia, Nigeria, North Korea, the Republic of Korea, and countries of the Commonwealth 
of Independent States may produce monazite, available information is inadequate for formulation of reliable estimates of ouput levels. 
"Reported figure. 
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TIN 


By James F. Carlin, Jr. 


Domestic survey data and tables were prepared by Linda M. White, statistical assistant, and the world production tables 


were prepared by Lisa D. Miller, international data coordinator. 


Tin has not been mined in the United States since 1993; 
consequently, the country was reliant on imports and recycling 
for its tin needs. In 2010, 25 firms consumed 9196 of the primary 
tin used domestically. The major uses were as follows: metal 
containers, 19%; solders, 18%; transportation, 1696; construction, 
10%; and other, 37%. The estimated value of primary tin metal 
consumed domestically was $689 million. Industry stocks 
declined by 996 compared with those at yearend 2009. 

In 2010, approximately 13,600 metric tons (t) of tin scrap, 
most of it from old scrap was produced (table 5). About 1696 of 
the tin consumed in the United States was recycled metal. 

World tin mine output declined slightly compared with that in 
2009, and world primary tin smelter production increased by 396 
compared with that in 2009 (tables 1, 9, 10). Of the 18 countries in 
Which tin was mined, the top 5 accounted for 9096 of the total world 
tin production of 277,000 t. China was the leading producer (43% 
of world output), followed by Indonesia (20%), and Peru (12%). 

Industry analysts considered the world tin market in 2010 to 
have a moderate deficit of supply relative to consumption. The 
composite tin price increased by 4896 from that of 2009. World 
tin reserves were estimated to be 5.2 million metric tons (Mt), 
about 15 times the estimated world primary tin consumption of 
350,000 t. Most tin reserves were in Asia and South America. 


Legislation and Government Programs 


In fiscal year 2008, the Defense Logistics Agency (DLA) 
suspended the public sales of tin pending additional study; DLA 
has sold no tin since then. The Annual Materials Plan (AMP) 
for fiscal year 2010 was set at 4,000 t of tin. The AMP for fiscal 
year 2011 was reduced to zero as tin was established as a “goal” 
material, to be held in reserve and was not available for sale. As 
of December 31, 2010, the tin inventory was 4,020 t, all of which 
was stored at the DLA’s depot in Hammond, IN (K. Watt Lough, 
DLA Strategic Materials, written. commun., September 21, 2011). 

On December 17, 2010, the “Reduction of Lead in Drinking 
Water Act” (Public Law 11 1-380) was passed by the U.S. 
Congress and was signed into law by the President on January 
4, 2011. The law becomes effective January 4, 2014, allowing 
ample time for manufacturers to comply. The law lowers the 
national standard for lead in faucets, pipe fittings, and pipes 
to 0.25% from 8.0% and harmonizes lead standards across the 
country. Tin industry officials believed the lower lead standard 
could promote greater use of tin in plumbing fixtures because 
many fixtures are comprised of alloys of lead and tin. The new 
fixtures, pipes, and solders that join them were expected to 
be lower in lead, and higher in tin (Plumbing Manufacturers 
International, 2011). 
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Production 


Mine.—Tin was not mined in the United States in 2010. Until 
1993, a few small tin mines had operated sporadically in the 
United States; no tin mine production data have been reported to 
the U.S. Geological Survey (USGS) since that year. 

Secondary.—The United States was the world’s leading 
producer of secondary or scrap tin. Most secondary tin was 
generated during manufacturing processes from various 
scrapped alloys of tin and recycled in those same alloy 
industries. Secondary tin from recycled fabricated parts was 
used in many kinds of products and was a particularly important 
source of tin for the manufacture of brass, bronze, and solder. 


Consumption 


In 2010, domestic production from scrap was estimated to be 
13,600 t, just slightly more than that in 2009 (table 5). Domestic 
consumption data for tin were developed by the USGS from a 
voluntary survey of tin consumers. Of the 110 firms to which 
a survey form was sent, 72 responded, including the major 
consumers. Data for the nonrespondents were estimated based 
on prior-year reporting. 

The total number of metal cans shipped domestically was 
130 billion in 2010 compared with 129 billion in 2009. Steel 
(essentially tinplate and tin-free steel) dominated in the food, pet 
and general line can markets, and aluminum held 100% of the | 
beverage can markets (Can Manufacturers Institute, 2011, p. 20). 

Researchers at Purdue University (West Lafayette, IN) 
announced the development of a potential new tool for medical 
diagnostics, testing food and water contamination, and for use 
In crime scene forensics. The technique uses a combination of 
light and electric fields to position droplets on a specific region 
of a sensor so that particles such as bacteria, viruses, and DNA 
which are contained inside the drops, can be analyzed. The | 
technology features electrodes made of indium and tin oxide is 
transparent and electrically conductive, and is used in ВЕ 
electronics in touch-screen displays (Venere, 2010). 


Prices 


The Platts Metals Week average composite price for tin 
metal increased by 4896 from that in 2009. Industry observers 
attributed the significant price increase to a rebound in 
consumption following the 2008—09 world economic crisis 
restocking, continued growth in consumption in several of | 
the world's developing economies, and the role played by the 
world's investment funds. The London Metal Exchange Ltd 
remained the principal trading site for tin. | 


Foreign Trade 


U.S. imports of refined tin, which supplied most domestic 
tin requirements, increased by 7% compared with those of 
2009 (table 8). Imports of tin in all forms (metal, ore and 
concentrate, scrap, and waste) remained duty free, and were 


held in U.S. warehouses by trading firms until sold to customers. 


Foreign-owned trading firms tended to dominate the marketing 
of imports. U.S. imports of tin came mostly from Peru, Bolivia, 
Malaysia, and Indonesia, in descending order. Refined tin 
exports were significantly less than imports (tables 6, 8). 


World Review 


Analysts at Société Générale (Paris, France) issued a report 
predicting that world tin demand would increase in 2010 based 
mostly on improved global sales for electronic items, with 
Government stimulus packages in China offering particular 
support. The analysts expected tin demand to increase by 8% to 
994 during 2010, supported by growth in the Chinese domestic 
appliance market and the beginnings of demand recovery in 
Europe, Japan, and North America. А Chinese Government 
program aimed at stimulating replacement demand for 
household appliances in nine Provinces increased consumption 
in 2009. The global tin market recorded a surplus of 12,900 t 
in 2009, according to the World Bureau of Metal Statistics 
(American Metal Market, 2010c). 

ITRI Ltd. (Frogmore, United Kingdom) signed an agreement 
with the International Conference on the Great Lakes Region 
to collaborate on tin traceability and due-diligence programs 
in central Africa. Both organizations are working to limit 
opportunities for armed groups in the region to benefit 
financially from the production and trade of minerals, New 
U.S. regulations on the trade of material from conflict zones 
were designed to require reporting on products derived from 
minerals from Congo (Kinshasa) and surrounding countries. The 
agreement initially would address traceability for columbite- 
tantalum (coltan), cassiterite, wolframite, or their derivatives 
(the raw materials for tantalum and niobium, tin, and tungsten, 
respectively), and gold (Davies, 2010). 

According to the ITRI, the top 12 world producers of refined tin 
in 2010 were, in descending order: 

l. Yunnan Tin Group Co., Ltd. (China) 

2. PT Timah Tbk (Indonesia) 

3. Malaysia Smelting Corp. (Malaysia) 

4. Minsur S.A. (Peru) 

5. Thailand Smelting and Refining Co. Ltd. (Thaisarco) 
(Thailand) 

6. Liuzhou China Tin Group Co. Ltd. (China) 

7. Yunnan Chengfeng Non-Ferrous Metals Co., Ltd. (China) 

8. Empresa Metalürgica Vinto (Bolivia) 

9. Metallo Chimique N.V. (Belgium) 

10.  Geijiu Zi-Li Ltd. (China) 

11. PT Koba Tin (Indonesia) 

12. Jiangxi Nanshan Tin Co. Ltd. (China) 

The ITRI’s International Tin Conference held in Vancouver, 
British Columbia, Canada, in May included information on 
global tin supply and demand (CRU Tin Monitor, 20106). 
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China has rapidly transformed from a large net exporter ofa 
to a net importer, with supply increasingly constrained by ray 
materials availability, despite increased recycling, 

Tin consumption began to show signs of increasing in 2010, 
Global solder shipments in the first quarter of 2010 were 
55% higher than in the first quarter of 2009. However, there 
were some concerns about tin use—there was a strong risk of 
substitutions in PVC stabilizers. 

Investment in new mine production was moderate, Yunnan Tin 
Corp., Timah, Minsur, and Metals X Ltd. (East Perth, Westem 
Australia, Australia) have made investments in future supply, and 
some new producers like JSC Syrymbet (Almaty, Kazakhstan) 
could start up within the next 2 years. However, most other 
projects discussed had not even reached the feasibility stage. 

Artisanal mining and “conflict minerals,” which account 
for one-half of current world tin mine supply, can be seen asa 
development opportunity and a means of breaking out ofthe 
poverty cycle for undeveloped countries. There was growing 
pressure from non-Government organizations and Governmeat 
to restrict tin supply from some sources, notably parts of Congo 
(Kinshasa), as part of the “conflict minerals” situation. 

According to the most recent survey conducted by ITRI, 
global refined tin consumption was estimated to have increase 
by almost 13% in 2010 to 360,000 t. Industrial and electronic 
solders together accounted for almost 54% of refined tin dena 
having grown by an estimated 22,300 t in 2010. Solder, primal 
for electronic applications, has consistently accounted for more 
than 50% of the tin end-use market since 2005. The estimated 
world tin use figure suggests that tin consumption was higher tan 
previously expected following the recent global 2 жене 
with the 2010 figures approximately the same as those 0 a 
The study indicated that China’s tin use had reached p 7 
level of 147,000 t, although consumption in the rest of к " 
was about 25,000 t less than its 2006 peak. The плет s 
that the world's tin consumers used about 59.000 t s 
(scrap) tin in 2009, and estimated that figure to gan 
slightly to 60,000 t in 2010, with China т ше 
75% of the world total. The ITRI data came from zt 

- of of estimated те 
worldwide, representing more than 47 
usage (Metal-Pages, 2011). 

Australia.—Stellar Resources 
raised $21 million, which was ex Ж 
drilling at its Gourlays deposit on ыы ‚не neatY 
and to carry out resource idc i Gippsla 
Heemskirk project, which it jointly о Mining NL 

| alia). Magna М" Lid 

(Claremont, Western Australia odi Investment y | 
Perth) signed an agreement with As а tin tailings project! 
(Buddina, Queensland) to help develop 
Russia (ITRI Ltd., 2010€). | 

Venture Minerals Ltd. (Subi go 

un : indsay tin-tung 

that drilling at its Mt. Linc y er din b 
increased the estimates о! шы in skarn mineralizaf ing 
resource included a series ere Kil dn 
extending over a strike leng npleted in pre 
and resource estimate were ea arm was fully f | 
prefeasibility study for which ding campale™ 
million in cash following 


Ltd. (Melbourne, Victoria) 


d Lid. 


а recent funding 
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time timated indicated tin reserves at Mt. Lindsay to be 6.2 Mt at a 
"rade of 0.496 tin and inferred tin reserves to be 4.2 Mt at a grade 
Шш 0.496 tin (Mining Journal, 2010). 
WWW Al the assets controlled by Van Dieman Mines Ple (North 
ints vdney, New South Wales) have been put up for sale. The 
Ir i ompany filed for bankruptcy in February 2009 following 
“continuing startup problems, and its major shareholder would 
_ not supply additional funds. The firm's Endurance and Scotia 
пат ргојес!в had a planned production capacity of 1,300 metric tons 
Шет year (t/yr) of tin-in-concentrate (CRU Tin Monitor, 20102). 
"wi Consolidated Tin Mines Ltd. (North Cairns, Queensland) 
үш аппоцисе4 that it had been granted a mineral development 
а ен сепзе for the Windermere project by the Queensland 
iii agovernment after a 2-year wait, enabling it to add that resource 
mito its adjacent Mt. Garnet project near Cairns. Windermere has 
мечта reported resource of 2.1 Mt grading 0.55% tin, increasing 
авт Mt. Garnet's total resource to 7.3 Mt grading 0.60% tin. 
isle Consolidated acquired Windermere from Metals X's subsidiary 
шие В мезюпе Nominees Pty. Ltd. in February 2008. A scoping 
изу in July 2010 indicated that without the addition of the 
пе Windermere resource, a centralized Mt. Garnet plant would 
шахе the potential to process 700,000 t/yr of tin ore to produce 
ке) 22,900 t of tin metal in concentrate (Platts Metals Week, 2010). 
шкі Metals X concluded the sale of 50% of its Tasmanian assets 
for $44 million to form a joint venture between its subsidiary 
іш ;Bluestone Mines Tasmania Pty. Ltd. (Renison Bell, Tasmania) 
ап YT Parksong Australia Holding Pty. Ltd. (Yunnan Province, 
шїї China). The joint venture was expected to operate as Bluestone 
| , Mines Tasmania Joint Venture Pty. Ltd. Metals X's Renison 
: ;зореганопз were operating at a production rate of 8,000 t/yr of 
шї I-In-concentrate (ITRI Ltd., 2010b). 
2 Bolivia. —Empresa Minera Huanuni (Oruro) began a tender 
_4¢Process for the construction of a much larger tin concentrator 


y 
т that would increase ore throughput to 3,000 metric tons per day 


" (Ud) from 1,200 t/d. The expansion plan was originally approved 


it 2009. The expansion project will require a $40 million 

б investment, to be provided by the company that wins the tender 
i and Government-owned mining organization Corporación 

p Minera de Bolivia (La Paz). The Huanuni tin mine produced 
almost 10,000 t of tin-in-concentrate іп 2009 and is estimated to 
be at least equal to that in 2010 (CRU Tin Monitor, 2010а). 

d EMV announced that work would be underway in September 
W? 2010 to install an Ausmelt tin smelter at its Vinto site, with 


$^ completion due by August 2011 and startup expected by 


ye 


6 September 2011. The Vinto tin smelter produced 13,000 t of 
p refined tin in 2010. Vinto selected the Ausmelt style of tin 

V smelter to improve the efficiency of the smelting operation 

i? (ITRI Ltd., 2010f; Shahriari, 2010). 

U^ Canada.—Adex Mining Inc. (Toronto, Ontario) announced 
that it may start mining tin and indium at its Mount Pleasant 


74 property іп southwestern New Brunswick. A decision on moving 


ff ahead with the mine, which would be North America’s first 

ЈУ new tin mine in several decades, was expected by yearend 2010 
2 but hinged on signing an offtake deal. Adex ran a variety of 

f! pilot production programs in 2010. The company's preliminary 
f economic assessment showed the site's north zone could 


j produce 3,200 t/yr of tin, or about 1% of global supply, for about 


2 12 years, while indium production could total about 40 t/yr or 
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roughly 10% of the global supply. The mine could also produce 
about 4,000 t/yr of zinc (American Metal Market, 2010а). 

China.—Yunnan Tin Group, the world's leading tin producer, 
announced plans to double tin ore throughput from its Laochang 
ore deposit to 3,000 t/d during the next 9 years. The company 
planned a three-stage process for the expansion of the Laochang 
field, its leading mine. The first stage would increase the mine's 
ore treatment rate to 1,500 t/d by 2012. The second-stage 
expansion would take output to 2,000 t/d by 2014, and the 
ultimate goal of 3,000 t/d would be achieved by 2019. Yunnan 
also planned to boost mine production by the development of 
Wuchangping project in Hunan Province. Yunnan produced 
59,200 t of refined tin in 2010 (ITRI Ltd., 2010g). 

China Tin Group Co. Ltd. (Liuzhou, Guangxi Province) 
planned to have a public offering of its shares early in 2011. 
Officials at Guangxi Nonferrous Metals Group Ltd. (Guangxi, 
Zhuang Province), which owned China Tin, stated that the parent 
company would include its own antimony, silver, tin, and zinc 
production assets in China Tin. The parent company would 
submit the public offering application to the China Securities 
Regulatory Commission in October 2010 and expected to raise up 
to $368 million through the public float. Simultaneously, Guangxi 
signed a series of agreements on overseas projects, mainly in 
southeast Asia, including establishing offices in Laos to explore 
for antimony, copper, gold, lead, potash, tin, and zinc. China Tin 
has the leading tin reserves in China (ITRI Ltd., 201 дс). 

Indonesia.—The Indonesian tin smelter consortium, Banka 
Belitung Timah Sejahtera PT (BBTS) (Pangkalpinang), 
announced that it expected its tin output to fall by 40% in 2010. to 
about 12,000 t owing to excessive rain. BBTS Observed that the 
authorities continued to monitor independent tin miners, resulting 
in less tin ore to process (American Metal Market, 2010b). 

Timah announced production fi gures indicating that, increasingly. 
offshore tin mining was contributing more to its production | 
Timah produced 40,400 t of tin in 2010 (ITRI Ltd., 2010d). 

Malaysia.—MSC, one of the world's leading tin smelters, issued 
а prospectus to list its shares on the Singapore Stock Exchange 
Currently MSC is listed on the Bursa Malaysia (the Malaysian 
stock market). The stock offering proceeds were expected to be 
used to acquire plant machinery and to develop new mines through 
selective acquisition of suitable mining concessions or leases, as | 
well as of mining projects and assets primarily in Indonesia Ad 
Malaysia. MSC operated two tin smelting facilities—Bangka Island 
(Indonesia) and Butterworth (Penang). The Butterworth operation 
has a production capacity of about 35,000 t/yr of refined tin, and 
the Bangka operation has a capacity of 25,000 t/yr of refined tin 
= i а 75%-owned subsidiary of The Straits Trading Co | 

td. (Singapore), which is listed on the S; Н 
(Platts Metals Week, 2011). кенет шины 

Morocco.—Kasbah Resources Ltd.'s South 
Australia, Australia) Achmmach tin ае in ыы 
reportedly on track toward the completion of a prefeasibili 
study on bulk underground mining of the deposit in the с d 
quarter of 2011. The mine was expected to produce 6,000 t/ а 
of tin-in-concentrate during a phase I mine life of 6 а Бо: d 
on the mining of 800,000 t/yr of ore grading 1% tin, A drillin 
program continued to firm up the resource toward a target T 


10 Mt. As of August 2010, the inferred and indicated resource 


11.3 


eee 


was 7 Mt with a grade of 0.8% tin. Kasbah Resources may use 
open pit mining for some shallow deposits (ITRI Ltd., 20102). 

Russia.—Novosibirsk Integrated Tin Works (NOK) 
(Novosibirsk), Russia's sole refined tin producer, sought to 
declare bankruptcy. Reportedly NOK’s total debt was $38 
million, of which more than one-third was overdue. NOK’s 
refined tin production has steadily declined to very low levels 
in recent years, as most tin mines in Russia have closed. (CRU 
International Ltd., 2010). 

Spain.—Solid Resources Ltd. (Sherwood Park, Alberta, 
Canada) announced that Spain’s Ministry of Industry, Tourism, 
and Trade would cover 20% of the cost of the 2010 exploration 
program at the Doade-Presgeira property in the northwestern 
comer of Spain, which was the maximum allowable. Earlier 
drilling in 2003-05 identified lithium, tantalum, and tin in 
potentially economic quantities (ITRI Ltd., 2010f). 

United Kingdom.—Wolf Minerals Ltd. (West Perth, Western 
Australia, Australia) continued progress at its Hemerdon Ball 
tungsten and tin project in Devon. Recent activity included | 
metallurgical test work to confirm the process flowsheet design, 
plant design, engineering work, and drilling of six water 
monitoring bores to determine the hydrogeology of the ore body. 


Wolf planned a 3-million-metric-ton-per-year processing plant for 


the project, which officials anticipated could result in production 
of 500 t/yr of tin-in-concentrate (Wolf Minerals Ltd., 2010). 


Outlook 


Demand for primary tin worldwide was expected to increase 
moderately in the near term, at a rate of about 3% per year. That 
rate, however, could increase in a few years if new applications 


continue to find acceptance in the marketplace. Higher tin prices 


such as those that have prevailed in recent years, limit use in 


new applications. 
World tin reserves appeared to be adequate to meet 


foreseeable demand. Secondary sources of tin were likely to 
remain an important component of supply, especially in the 
United States. The August 2008 cessation of tin sales from 
the National Defense Stockpile, unless revised, would end 
tin supply from this source. Domestic tin requirements were 
expected to continue to be met primarily through imports. 
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TABLE 1 
SALIENT TIN STATISTICS. 
2006 2007 2008 2009 2010 
United States: 
Production, secondary, contained tin* metric tons 11,600 12,200 11,700 11,100 10,900 
Exports, refined tin do. 5,490 6,410 9,800 3,170 5,630 
Imports for consumption, refined tin do. 43,300 34,600 36,300 33,000 35,300 
Consumption, contained tin: 
Primary do. 29,200 23,700 23,100 24,800 ' 25,300 
Secondary do. 8,480 7,490 6,250 7,750 4,820 
. Stocks, yearend, U.S. industry, contained tin do. 7,890 9,100 8,560 7,070 € 6,410 
Prices, average, contained tin: 
New York, NY, market cents per pound 419.49 679.50 864.53 641.62 954.13 
Platts Metals Week composite do. 565.12 899.48 1,128.97 837.08 1,239.64 
London, United Kingdom do. 398.00 659.05 836.76 615.15 925.15 
Kuala Lumpur, Malaysia do. 397.69 658.42 837.70 609.34 922.17 
World, production, contained tin: 
Mine metric tons 293,000 303,000’ 257,000 264,000" 265,000 € 
_ Smelter: 
Primary do. 320,000 327,000 316,000" 323,000: 333,000 ° 
Secondary do. 19,000 ' 18,500 ' 17,900 * 17,200 : 17,100 * 
Undifferentiated do. 50 -- -- = m 
"Estimated. ‘Revised. do. Ditto. -- Zero. 
"Data are rounded to no more than three significant digits, except prices. 
TABLE 2 
U.S. CONSUMPTION OF PRIMARY AND SECONDARY TIN! 
(Metric tons of contained tin) 
n 2009 2010 
Stocks, January 17 8,940 6,210 
Net receipts during year: m "m 
Primary — — 26,200 25,100 
Secondary Изи 5,930 € 2,910 
Scrap КА — 2,170 1,920 
_ Total receipts |. 34,300 29,900 
Total available | Е 43,200 36,100 
Tin consumed in manufactured products: _ 
Primary ЗА 24,800 " 25,300 
Secondary E ___ 25 55 2,750 4,820 
Total o 32,600 30,100 
Intercompany transactions in scrap o " 285 1 
| Total processed Е T |. 32,900 30,100 
Stocks, December 3 1 (total available less total processed) 10,300 6,000 
‘Revised. 2 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes tin in transit in the United States. 
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TABLE 3 
U.S. CONSUMPTION OF TIN, BY FINISHED PRODUCT! 


(Metric tons of contained tin) 


2009 2010 
Product Primary Secondary Total Primary Secondary | Total 

Alloys, miscellaneous — _ 1,960 W 1,960 2,460 W 2,460 
Babbitt | 291' 31 322' 288 W 288 
Bar tin 245 -- 245 W W W 
Bronze and brass КЕ 950 € 1,2507 | 2,200" 1,230 1,240 2,460 
Chemicals 222022 9,290 W 9.290 9,470 W 9,70 
Solder 5,110 W 5,110 3,880 3,460 7,340 
Tinning 340 -- 340 387 -- 387 
Tinplate? 6,130 - 6,130 6,920 W 6,920 
Other’ _ 532 6470 7000 684 127 811 

Total 24,800 ' 7,750 32,600 25,300 4,820 30,100 


Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” -- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes terne metal. 

Includes secondary pig tin and tin acquired in chemicals. 

‘Includes britannia metal, collapsible tubes and foil, jewelers’ metal, pewter, tin powder, type metal, 
and white metal. 


TABLE 4 
U.S. INDUSTRY YEAREND TIN STOCKS! 


(Metric tons) 


| nS 2000 2010 
Plant raw materials: 
Рі: .—  — 
Virgin? "mE" 5,180! 4,880 
Secondary DE 571" 164 
In process” = 856 857 
Total 6,610 ' 5,900 
Additional pig tin: | | Е | 
J obbers-importers 266 319 
_ Afloatto United States — 190 190 
___ Тога! 456 509 
. Grand total 7,070 ' 6,410 
"Revised. 


'Data are rounded to no more than three significant digits; 
may not add to totals shown. 


2 $ . . . . 

Includes tin in transit in the United States. 
3 

Data represent scrap only, tin content. 
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TABLE 5 
| 
U.S. STOCKS, RECEIPTS, AND CONSUMPTION OF NEW AND OLD SCRAP AND TIN RECOVERED, BY TYPE OF SCRAP 


(Metric tons) 


Gross weight of scrap 


Stocks, Consumption 
Type of scrap January 1 Receipts New Old Total 
2009: 
Copper-base scrap: 
Ingot makers AA 3,660 60,200 10,900 49,400 60,300 
Brass mills? -- W W W W 
Foundries and other plants 1,670 22,300! 16,300: 5,800 ' 22,100: 
Тона] _ | 0 XX XX XX XX XX 
Lead-base scrap 16,500 1,160,000 29,000 1,140,000 1,170,000 
Tin-base scrap” W W W W W 
Grand total XX XX XX XX XX , , , 
2010: ААА 
Copper-base scrap: 
.. [ngot makers 3,640 61,200 12,500 48,300 60,800 
Brass mills” -- W W -- W 
Foundries and other plants 1,940 17,500 15,300 2,690 18,000 
Total XX XX XX XX XX 


Lead-base scrap 11,700 1,130,000 32,600 1,090,000 1,120,000 


Tin-base scrap? W W W W W 
Grand total XX XX XX XX XX ; 3, 


Data are rounded to no more than three significant digits; may not add to totals shown. 
“Consumption і is assumed to be equal to receipts. 
"Includes tinplate and other scrap recovered at detinning plants. 


TABLE 6 
U.S. EXPORTS OF TIN IN VARIOUS FORMS! 


"Estimated, ‘Revised. W Withheld to avoid disclosing company proprietary data. XX Not applicable. -- 


2009 
Quantity Value 
__ (metric tons) (thousands) 
Ingots and pigs Ae NEMPE 3,170 _ $22,200 
Tin scrap and other ш material except 
tinplate scra 055 Wel: ht) 11,600 46,200 


рше and terneplate (gross weight)? 224, 000 175,000 


Data are rounded to no more than three significant digits. 
"Includes rods, profiles, flakes, tubes, and pipes. 


Source: U.S. Census Bureau. 
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TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF TIN IN VARIOUS FORMS! 


U.S. GEOLOGICAL SURVEY 


2009 2010 
Quantity Quantity 
(metric tons, Value (metric tons, Value 
LLL .-Br68s weight) (thousands) — gross weight) (thousands) 
Dross, skimmings, scrap residues, tin alloys, n.s.p.f^ — 81,300 $340 58,000 $30,700 
Miscellaneous? XX 36,200 XX 53.200 
Tin compounds 601 8,180 753 13,300 
Tinplate and terneplate 295,000 366,000 464,000 500,000 
Tinplate scrap 27,100 5,190 68,000 14,300 
XX Not applicable. 
'Data are rounded to no more than three significant digits. 
*Not specifically provided for. 
3Includes tinfoil, tin powder, flitters, metallics, and other manufactures n.s.p.f. 
Source: U.S. Census Bureau. 
TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF UNWROUGHT TIN METAL, 
BY COUNTRY’ 
2009 2010 
Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) 
Belgium 82 $647 11 $241 
Bolivia 6,300 82,300 6,060 120,000 
Brazil — — 1,050 13,600 75 1,260 
Canada 30 260 89 1,630 
Chile 121 1,870 641 13,100 
China 1,210 14,500 887 17,900 
Germany 20 391 -- = 
India 64 779 Q) 5 
Indonesia 3,220 16,100 3,970 37,900 
Japan -- - 1 52 
Malaysia 169 1,190 4,500 90,100 
Peru 20,300 266,000 16,500 322,000 
Singapore | 451 5,650 996 18,100 
Switzerland 25 382 1 11 
Thailand 15 158 1,310 30,900 
United Kingdom Q) 7 (2) H 
Vietnam Е = = 225 4,020. 
О | 5 EE CENE, 
Total — "33,000 — 404000 35,300 658000 | 
-- Zero. | 
"Data are rounded to no more than three significant digits; may not add to totals shown. 
"Less than % unit. 
Source: U.S. Census Bureau. 
АВВООК-®!! 
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Country 
Australia 
Bolivia 
Brazil 
Burma‘ 

Burundi 
China* 


Congo (Kinshasa)* 


Indonesia 
Laos 
Malaysia 
Mexico 
Niger? 
Nigeria? 
Peru 
Portugal 
Russia* 
Rwanda 
Thailand 
Uganda 
Vietnam* 
Total 


TIN: WORLD MINE PRODUCTION, BY COUNTRY '? 


2006 
1,478 
18,444 
9,528 
923 
46 
126,000 
3,800 
80,933 
650 ' 
2,308 
25 
13 
1,400 
38,470 
25 
3,000 
390 


5,400 ' 
293,000 " 


"Estimated. PPreliminary. 'Revised. -- Zero. 
"World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


"Table includes data available through July 12, 2011. 


?Reported figure. 


"Includes content of tin-tungsten concentrate. 
Concentrate gross weight reported, estimated 62% tin content. 


TABLE 9 


(Metric tons) 


2007 
2,071 
15,972 
11,835 
830 
2 
146,000 
8,900 
66,137 
570" 
2,263 
25 
П 
180 
39,019 
41 
2,500 


5,400" 
303,000 " 


2008 
1,783 
17,318" 
11,000 ' 
74] 

21 
110,000 
12,300 ' 
53,228 
690" 
2,605 
15 
10 
185 
39,037 
29 
1,500 
980 
215! 
2 
5,400 * 
257,000 


2009 
5,630 ' 
19,575 ' 
10,000 ' 

672 


20^ 


115,000 
10,000 ' 
55,000 * 

350 ' 
2,412" 


183 ' 
37,503 

307 
1,200 

850 ° 

153 ' 

2 е 

5,400 ' 

264,000 ' 


2010° 
7,000 
20,190 3 


11,000 P 


672? 
20 


120,000 


6,700 
56,000 
300 

1,769 ? 


180 


33,848 > 


30 
1,100 
900 


5,500 


265,000 


77.9 


TABLE 10 
TIN: WORLD SMELTER PRODUCTION, BY COUNTRY? 


(Metric tons) 
Country 2006 2007 2008 2009 2010 
Australia: — — — — — 
ЕЛІ, sess 572 118 170 7,637 3,000 
_Secondaryy _________ 400 400 400 400 400 
Total" 972 518 570 8,037 3,400 
Belgium, secondary" 6,000 5,000 5.000 5.000 5.000 
Bolivia, primary 14,089 12,251 12,666 14,995 ' (4975! 
Brazil: 
_ Primary 8,780 9,384 10,308 10,550 11,000 
Secondary" 250 250 250 250 250 
Noc тоа 9,030 9,634 10,558 10,800 11,300 
Bulgaria, secondary" 10 10 10 10 10 
Burma, primary" 30 30 30 30 30 
China, ритагу“ 132,000 149,000 140,000 ' 140,000 ' 150,000 
Czech Republic, secondary“ -— aut EN бб. 3 
Denmark, secondary? u 100 100 75 75 75 
Greece, secondary" 100 100 75 75 60 
Indonesia, primary 65,357 64,127 53,417 54,000 55,000 
Japan, primary 854 879 986 751! 780 
Malaysia, primary 22,850 25,263 31,630 36,407 38,737? 
Mexico, primary 25 25 15 15 » 
Norway, secondary 50 50 50 50 50 
Peru, primary Е 200 40,495 36,004 38,865 34,503 ' 36451! 
Russia: 
Primary Ш 4,980 3,800 2,000 1,700 1,400 
Secondary 500 400 300 300 — 300 
Total 5,480 4,200 2,300 2.000 1,700 | 
Rwanda 50 -- -- = 4 
Spain, secondary" 10 10 10 10 10 
Thailand, primary 27,540 23,104 21,860 19,423 ' 19,000 | 
United States, secondary — 11,600 12,200 11,700 11,100 10,900 
Vietnam, primary 2,665 3,369 3,583 ' 3,046 E 
. Grand total Е 339,000 ' 346,000 ' 333,000 ' 340,000 " 350,000 
Of which: 
Primary 320,000 327,000 316,000 ' 323,000 ' AF 
Secondary ín 19,000 ' 18,500 ' 17,900 ' 17,200 ' "um 
Undifferentiated Е 50 m" Ee scri 7 ” 


*Estimated. 'Revised. -- Zero. 
! World totals, U.S. data, and estimated data are rounded to no more than three significant digits; 


Whenever possible, total output has been separated into primary (from ores and concentrates) and secondary (tin Mar E 
scrap). This table reflects metal production at the first measurable stage of metal output. Table includes data available throug 


may not add to totals shown. 
vered from old 


h July 12, 2011. 


?Reported figure. 
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TITANIUM 
By Joseph Gambogi 


№ | Domestic survey data and tables were prepared by Elsie D. Isaac, statistical assistant, and the world production table was 


m a prepared by Lisa D. Miller, international data coordinator. 


— Although import dependent on titanium mineral concentrates 

іш and titanium sponge, the United States continued to be a net 

iy; exporter of titanium dioxide (TiO,) pigment and wrought 

— - titanium metal products. Improving global economic conditions 

sy, caused domestic production of TiO, pigment to increase by 7% 

x  :compared with that of 2009. After declining in 2009, demand 

w : for titanium metal from the commercial aerospace industry 

и rebounded, resulting in increased domestic production of 

3 titanium ingot and mill products. U.S. consumption of titanium 

ii’ i used in steel and other alloys increased by 25% from that in 
2009. 

Ў World production of TiO, contained in titanium mineral 

ï . concentrates increased by 13% compared with that of 2009. 

| | The leading sources of imports of titanium mineral concentrates 

" жеге Australia, Canada, and South Africa. Global TiO, pigment 

" + production capacity was estimated to be 5.7 million metric tons 


5 per year (Mt/yr). 
| 
/ : Legislation and Government Programs 


| The Defense Advanced Research Projects Agency (DARPA) 
| . continued to fund work on low-cost extraction of titanium 
ЕС metal from oxide ores. DARPA efforts were aimed at producing 
high-quality titanium at a cost of less than $8.81 per kilogram. 
In fiscal year (FY) 2010, the DARPA program demonstrated 
production of commercially pure titanium at a rate of 500 
` pounds per day. In FY 2011, DARPA planned to demonstrate 
-2 consolidation of titanium powder without using conventional 
' melting techniques (Defense Advanced Research Projects 
, Agency, 2011, p. 154). 
.. Oak Ridge National Laboratory (ORNL), a science and 
_ technology laboratory managed for the U.S. Department of 
— Energy by UT-Battelle, LLC, was developing methods to 
consolidate new and conventional titanium powders into net 
Т shape components. ORNL hoped to reduce the scrap generation 
г and energy consumption during the fabrication of titanium 
© components (Muth, 2011). 
In 2010, two U.S. Department of Defense (DOD) programs 
were underway to improve the supply of titanium metal. 
Under a Title III agreement, International Titanium Powder 
(ITP) (a subsidiary of Cristal Global) was working with DOD 
to produce low-cost metallic titanium powder. Title III of the 
Defense Production Act (50 U.S.C. App. 2061 et seq.) is a 
program specifically designed to establish, expand, maintain, or 
modernize industrial capabilities required for national defense. 
Instead of sponge produced by magnesium reduction via the 
Kroll process, ITP planned to produce titanium metal powder 
by sodium reduction via the Armstrong process. ITP completed 
Construction of a new 2,000-metric-ton-per-year (t/yr) plant 
In Ottawa, IL, and was expected to begin production in 2011 
(Metal-Pages, 2010b). A second Title III effort was aimed at 


Ї 
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reducing cost and shortening delivery lead times for structural 
titanium and titanium armor. The initial goal of the second 
program was to direct roll titanium in widths and thicknesses 
that could be used for armor tiles on military ground vehicles 
(U.S. Department of Defense, 2011, p. 72). 


Production 


Titanium industry data for this report are collected by the U.S. 
Geological Survey (USGS) from annual and quarterly surveys 
of domestic titanium operations. In 2010, the USGS annual 
survey canvassed titanium mineral and pigment production 
operations. The two producers of titanium mineral concentrates 
responded, but data were withheld to avoid disclosing company 
proprietary information. Of the six active domestic по, 
pigment operations, four responded. Production from the 
operations that did not respond were estimated on the basis of 
prior year production levels and industry trends. Production 
of titanium ingot and mill products was aggregated from a 
quarterly survey of producers. 

Mineral Concentrates.—Titanium mineral concentrates 
of economic importance include ilmenite, leucoxene, rutile, 
synthetic rutile, and titaniferous slag. Mining of titanium 
minerals is usually performed using surface methods. Dredging 
and dry mining techniques are used for the recovery of heavy 
minerals. Gravity spirals are used to separate the heavy-mineral 
suite, while magnetic and high-tension separation circuits are 
used to separate the heavy-mineral constituents. IImenite is 
often processed to produce a synthetic rutile or titaniferous 
slag. Although numerous technologies are used to produce 
synthetic rutile, nearly all are based on either selective leaching 
ог thermal reduction of iron and other impurities in ilmenite. 
Titaniferous slag with a TiO, content of 75% to 95% is produced 
commercially using pyrometallurgical processes. 

U.S. mineral concentrate producers were DuPont Titanium 
Technologies [a subsidiary of E.I. du Pont de Nemours and 
Co. (DuPont)] and Iluka Resources, Inc. (a subsidiary of Iluka 
Resources Ltd.). DuPont’s mining operations near Starke, FL 
produced a mixed product containing ilmenite, leucoxene and 
rutile that was used as a feedstock in DuPont’s TiO pigment 
plants. In 2010, Iluka produced titanium mineral concentrates 
from its heavy-mineral operations near Stony Creek, VA. 

A drilling program was underway at Cardero Resource 
Corp.’s Titac and Longnose deposits near Duluth, MN. 
Longnose and Titac are oxide-bearing ultramafic intrusions that 
contain disseminated, semimassive, and massive titanium-iron 
oxide mineralization. The intrusions are primarily composed 
of dunite, peridotite, and pyroxenite, and contain about 15% 
to 40% titanium-iron oxides. Drilling was expected to be 
completed in 2011 along with an updated resource estimate 
(Cardero Resource Corp., 2010). 


DuPont extended the mine life of its Starke operation 
beyond 2017 through the acquisition of a 788 hectare parcel 
of timberland in Baker County from the Cummer Land Trust. 
DuPont has produced heavy-mineral concentrates from deposits 
along the Trail Ridge ore body since 1949 (Szakonyi, 2010). 

Metal. —Commercial production of titanium metal involves 
the chlorination of titanium-containing mineral concentrates to 
produce titanium tetrachloride (ТІСІ,), which is reduced with 
magnesium (Kroll process) or sodium (Hunter process) to form 
a commercially pure form of titanium metal. As the metal 15 
formed, it has a porous appearance and is referred to as sponge. 
Titanium ingot and slab are produced by melting titanium 
sponge or scrap or a combination of both, usually with various 
other alloying elements such as aluminum and vanadium. 
Electron beam (EB), plasma arc melt (PAM), scull, and 
vacuum-arc remelting (VAR) are the commercial methods used 
to produce ingot and slab. Titanium mill products are produced 
from the drawing, forging, and rolling of titanium into products 
of various sizes and shapes. These mill products include billet, 
pipe and tube, plate, rod and bar, sheet, strip, and wire. Titanium 
castings are produced by investment casting and rammed 
graphite mold casting. Ferrotitanium is usually produced by 
induction melting of titanium scrap with iron or steel, but 
may be produced through the aluminothermic reduction of 
ilmenite. The two standard grades of ferrotitanium that are 
normally produced contain 40% and 70% titanium. Domestic 
ferrotitanium capacity was estimated to be 17,300 t/yr. 

In 2010, U.S. producers of titanium sponge were Allegheny 
Technologies Inc. (ATI), Honeywell Electronic Materials Inc., 
and Titanium Metals Corp. (Timet). АТГѕ Rowley, UT, plant 
and Timet's Henderson, NV, plant produced titanium sponge 
using the Kroll process. Honeywell Electronic Materials’ 
plant in Salt Lake City, UT, produced titanium sponge using 
the Hunter process and supported the company's production 
of electronic-grade titanium. Data on domestic production of 
titanium sponge were withheld to avoid disclosing company 
proprietary data (table 2). Owing to increased demand from the 
commercial aerospace industry, U.S. production of titanium 
ingot and mill products increased significantly in 2010 (table 3). 
U.S. producers of ferrotitanium were RTI International Metals 
Inc. (Canton, OH) and Global Titanium Inc. (Detroit, MI). Data 
on production of ferrotitanium were not available. 

TiO, Pigment.—TiO, pigment is produced from titanium 
mineral concentrates by either the chloride process or the sulfate 
process. In the chloride process, rutile is converted to ТІСІ, by 
chlorination in the presence of petroleum coke. ТІСІ, is oxidized 
with air or oxygen at about 1,000? C, and the resulting TIO, 
is calcined to remove residual chlorine and any hydrochloric 
acid that may have formed in the reaction. Aluminum chloride 
is added to the ТІСІ, to assure that virtually all the titanium is 
oxidized into the rutile crystal structure. In the sulfate process, 
ilmenite or titanium slag is reacted with sulfuric acid. Titanium 
hydroxide is then precipitated by hydrolysis, filtered, and 
calcined. Although either process may be used to produce 
pigment, the decision of which process to use is based on 
numerous factors, including raw material availability, freight, 
and waste disposal costs. In finishing operations, the crude form 
of the pigment is milled to produce a controlled distribution 
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of particle size and surface treated or coated to improve its 
functional behavior in different media. Some typical surface 
treatments include alumina, organic compounds, and silica. 

TiO, pigment produced by either process is categorized by 
crystal form as either anatase or rutile. Rutile pigment is less 
reactive with the binders in paint when exposed to sunlight than 
Is the anatase pigment and is preferred for use in outdoor paints 
Anatase pigment has а bluer tone than rutile, is somewhat softer, 
and is used mainly in indoor paints and in paper manufacturing. 
Depending on the manner in which it is produced and 
subsequently finished, TiO, pigment can exhibit a wide range of 
functional properties, including dispersion, durability, opacity, 
and tinting. 

U.S. production of TiO, pigment was 1.32 million metric tons 
(Mt) in 2010, a 7% increase compared with that in 2009 
(table 5). U.S. producers of TiO, pigment by the chloride 
process were Cristal Global, DuPont, Louisiana Pigment Co. 
Г.Р. (a joint venture of NL Industries, Inc. and Huntsman Cop}, 
and Tronox Inc. (table 4). TOR Minerals International, Inc. 
produced a buff TiO, pigment from finely ground synthetic 
rutile. 


Consumption 


Mineral Concentrates.—On a gross weight basis, 95% of 
the domestic consumption of titanium mineral concentrates was 
used to produce TiO, pigment. The remaining 5% was used to 
produce miscellaneous other products, including fluxes, пей, 
and welding rod coatings. Based on TiO, content, domestic 
consumption of titanium mineral concentrates was 1.46 Mi, an 
8% increase compared with that of 2009 (table 6). Consumption 
data for titanium concentrates were estimated by the USGS 
owing to insufficient response by industry to the voluntary 
survey for consumption data. 

Metal.—Titanium metal alloys | | 
strength-to-weight ratio and corrosion resistance. V MEE 
production of titanium mill products precede aircraft e у 
by about 1 year. In 2010, mill product shipments и 
by 62% because of increased aircraft build rates апа " am 
inventory levels throughout the titanium supply pos omil 
The aerospace industry (67%) was the КОТ ох "E 
products. Other uses included those in the gon N 
marine, medical, oil and gas, pulp and paper. and Sp 
chemical industries. ww 
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| ‚ 
Ера, (57.1%), plastics and rubber (27.4%), and paper (9.7%). Other 


: пару uses (5.896) included catalysts, ceramics, coated fabrics and 
Iis textiles, floor coverings, printing ink, and roofing granules 
ihi i (table 8). 
Мана Stocks 
л 
и» Insufficient data were available to determine yearend 
magz consumer inventories of titanium mineral concentrates and TiO, 
lim; pigment producer stocks. Owing to increased consumption by 
max the aerospace and steel industries, yearend domestic stocks 
шаў Of sponge decreased by 32% compared with those in 2009. 

_ Because titanium metal producers anticipated increased 
al)»; Consumption, domestic stocks of ingot increased by 9% in 2010 
іше: (table 3). 
ш Ргїсе$ 
[ш 
sis ^ Yearend titanium mineral concentrate prices are listed in 
фт table 9. Owing to increased demand from TiO, pigment 
ikasi producers, prices for bulk ilmenite and rutile concentrates 

were higher compared with prices in 2009. Published prices 

for titanium slag were not available. Based on U.S. Customs 

Service data, the yearend unit value of slag imports ranged from 
e $367 to $433 per metric ton in 2010 compared with $401 to 
ani $439 per ton in 2009. 

The U.S. Department of Labor, Bureau of Labor Statistics, 


| р M ы . . ө 
а? yearend producer price index (PPI) for TiO, pigment increased 
di by 18% compared with that of 2009. The monthly PPI started 

E the year at 165, was nearly unchanged at midyear, and then rose 


| to 194 by yearend (U.S. Department of Labor, Bureau of Labor 
U^ Statistics, 2011). 

, , Aresurgence in demand from aircraft programs and an 

. Improving global economy caused prices of titanium mill 

__ Products to rise. At yearend, the monthly PPI for titanium 

| mill products reached a high of 203. Sponge and ingot prices 

_ Were less affected by short-term demand because of long-term 


> nes (U.S. Department of Labor, Bureau of Labor Statistics, 
ү» 1). 


nö Foreign Trade 


P Mineral Concentrates.—Imports of titanium mineral 

ji concentrates include ilmenite, rutile, synthetic rutile, and 
titaniferous slag. The United States was heavily reliant on 

Imports of titanium mineral concentrates because domestic 

if consumption of titanium minerals greatly exceeded domestic 

ji production capacity. In 2010, the TiO, content of imports was 

4 estimated to be 966,000 t, primarily in the form of titaniferous 

y Slag (42%) and ilmenite (24%). South Africa, Australia, Canada, 

j and Mozambique Were, in descending order of TiO, quantity, 

у е leading import sources. The combined value for all forms 

of titanium concentrate imports in 2010 was $442 million 

j (table 11). Because of increased steel production, imports of 

| titaniferous iron ore from Canada, classified as ilmenite by the 

| U.S. Census Bureau, increased significantly. Exports of titanium 

concentrates were minor relative to imports (tables 10-11). 

TN Metal.—Total imports of titanium metal increased 

Significantly in 2010. Imports of titanium metal were primarily 

| in the form of sponge (51%), waste and scrap (27%), and 
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wrought products and castings (22%). Japan and Kazakhstan 
were the leading sources of imported titanium sponge, while 
Germany, the United Kingdom, Japan, and France were, in 
descending order, the leading sources of imported scrap. 
Germany supplied two-thirds of the imported titanium ingot, 
and China was the major source of titanium powder. Imports 
of powder and other unwrought forms of titanium increased 
significantly compared with those of 2009. 

Imports of titantum wrought products and castings were 
primarily in the form of plate, sheet, strip, and foil (38%); bar, 
rod, profiles, and wire (29%); and billets (23%). Russia was 
the leading source of wrought products and castings. Imports 
of wrought products and castings increased to a record high 
8,710 t. Owing to increased consumption of titanium for steel 
and other alloys, imports of ferrotitanium were 2,740 t, an 8% 
increase compared with those of 2009. The leading import 
sources were, in descending order, the United Kingdom, Russia, 
and Canada. Exports of ferrotitanium were 2,570 t,a 27% 
increase compared with those of 2009. 

TiO, Pigment.—The United States continued to be a net 
exporter of TiO, pigment. In 2010, exports exceeded imports by 
a ratio of 3.7 to 1. Exports of TiO, pigment were 758,000 t, a 
17% increase compared with those of 2009. About 95% of TiO, 
pigment exports was in the form of finished pigment with 8094 
or more TiO, content. 

During 2010, 204,000 t of TiO, pigment was imported, a 17% 
increase compared with that in 2009. The leading import sources 
of TiO, pigment were Canada (3994) and China (1296). About 
71% of pigment imports was in the form of finished pigment 
with more than 80% TiO, (table 13). 

In November, the United States Bankruptcy Court for the 
Southern District of New York approved a reorganization 
plan for Tronox Inc. that would allow the company to emerge 
from Chapter 11 of the U.S. Bankruptcy Code. Under the 
plan, Tronox agreed to pay $270 million to settle certain 
environmental liabilities as well as 8894 of proceeds from 
pending litigation. Global TiO, production capacity for 
Тгопох was 390,000 t/yr with operations in Hamilton, MS; 
Botlek, Netherlands; and Kwinana, Australia (50% ownership) 
(PRNewswire-FirstCall, 2010). In 2009, Tronox had idled its 
110,000-t/yr TiO, operation in Savannah, GA. 


World Review 


Australia.—In August, the mining license for Astron Ltd. 5 
Donald mining project was approved by the Department of 
Primary Industries, Victoria, and mine and plant designs were 
completed during the year. Ore reserves Were estimated to be 
305 Mt, with 6.395 heavy minerals containing 32% ilmenite 
19% leucoxene, and 4.4% rutile (Astron Lid, 20102, b) 7 

Diatreme Resources Ltd. was conducting exploration and 
prefeasibility studies on its heavy-mineral deposits in the Eucla 
Basin, Western Australia. The resource estimated for its Cyclone 
deposit was 3.1 Mt of heavy minerals with 1.32 Mt classified 
as measured and 1.59 Mt classified as indicated (Diatreme 
Resources Ltd., 2011, p. 6). 

Gunson Resources Ltd. completed a definitive feasibility 
study for its Coburn heavy-minerals project in Western Australi 
Reserves of heavy minerals including ilmenite, leucoxene, ШЕ | 
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and zircon in the Coburn deposit were estimated to be 3.7 Mt 
supporting a mine life of 17 years, with a production rate of 
146,000 t/yr (Gunson Resources Ltd., 2010, p. 5-9). 

Owing to increased demand for titanium minerals, Iluka 
significantly increased its production of ilmenite and rutile in 
Australia (250,000 t in 2010 compared with 141,000 t in 2009). 
The company's Australian ilmenite production also increased 
(218,000 t in 2010 compared with 159,000 t in 2009). Synthetic 
rutile production declined significantly (348,000 t in 2010 
compared with 405,000 t in 2009) following Iluka’s decision 
to idle two of four synthetic rutile kilns 1n Western Australia. 
The increases were largely because of the ramp up of its new 
operations in the Eucla Basin, South Australia, and the Murray 
Basin, Victoria. In 2010, Iluka's exploration and development 
efforts focused on the Eucla and Murray Basins and increased 
Iluka's mineral resource estimate of heavy minerals by 7.3 Mt 
(Iluka Resources Ltd., 2011, p. 3-4, 17-18). 

Matilda Zircon Ltd. continued to develop heavy-minerals 
deposits in the Northern Territory and Western Australia. In 
2010, Matilda Zircon formed an agreement with China-based 
Tricoastal Minerals Co. to take all heavy-mineral concentrate 
from the Tiwi Islands operations and supply $2.5 million in 
loans and share placements to assist in development ofthe . 
Lethbridge Mine, which began production in June. At yearend, 
the company expected approval from the Western Australian 
Minister of the Environment to proceed with the development of 
the Keysbrook deposit, 70 kilometers south of Perth. Mining at 
Keysbrook was expected to begin in 2012, with an 8-year mine 
life (Matilda Zircon Ltd., 2010, p. 8-11). | 

Owing to increasing demand for TiO, pigment, the Western 
Australia-based joint venture, Tiwest Pty Ltd., commissioned 
a 40,000-t/yr expansion project at its Kwinana TiO, pigment 
plant, raising production capacity to 150,000 t/yr. Tiwest | 
operated the joint venture between Tronox Western Australia 
Pty Ltd. (5096) and subsidiaries of Exxaro Australia Sands Pty 
Ltd. (5096) (Exxaro Resources Ltd., 2011, p. 53). | 

Canada.—Titanium Corp. continued its research into the 
recovery of bitumen, volatile organic compounds, and heavy 
minerals, including ilmenite and leucoxene, from mined oil sand 
tailings. In 2010, Titanium Corp. commissioned a demonstration 
pilot plant at the Canadian Government's Canmet testing | 
facilities in Devon, Alberta. Pilot studies were conducted during 
June through September, with additional studies planned for 
2011 (Titanium Corp., 2010, p. 4). 

In Quebec, Argex Mining Inc. was proceeding with 
exploration and development of its La Blache titaniferous 
magnetite project near Bai-Comeau. In 2010, Argex contracted 
with Met-Chem Canada Inc. to complete a resource estimate 
and with Process Research Ortech Inc. to develop a commercial 
process for the recovery of TiO,. Argex contracted with Groupe 
BBA Inc. in preparation for a scoping study to evaluate the 
requirements for mining and milling operations, metallurgical 
processing facilities, and infrastructure. In 2010, a total of 
20,300 meters were drilled on the La Blache Property (Argex 
Mining Inc., 2011, p. 2-3). 

Chile.—White Mountain Titanium Corp. (WMT) was 
proceeding with the exploration and development of its Cerro 
Blanco rutile deposit. In 2010, WMT conducted drilling and 
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pilot-plant feasibility studies. In 2011, WMT was scheduled 
to conduct a final engineering feasibility study to support the 
development of a 5 to 6 Mt/yr mining operation for 20 years 
(White Mountain Titanium Corp., 2010). 

China.—China’s titanium metal and pigment production 
capacity continued to rise. According to the Chinese Titanium 
Association, the top 14 sponge producers increased sponge 
production capacity to 103,500 t/yr in 2010 and sponge 
production reached 57,800 t, up 42% from that 2009. China's 
ingot (89,200 t/yr) and mill product (38,300 t/yr) production 
capacity also increased substantially (Zou, 2011). China's Т0, 
production and consumption was reported to have reached 
record levels in 2010. Production was 1.47 Mt, compared with 
1.05 Mt in 2009, and domestic consumption was more than 
1.4 Mt (Paint & Coatings Industry, 2011). 

Although the development of domestic mine production was 
ongoing, increased consumption of titanium concentrates was 
met through increased imports of titanium mineral concentrates. 
In 2010, Chinese imports of titanium mineral concentrates 
nearly doubled to 2.04 Mt from 1.07 Mt in 2009. The unit value 
of imports was $126 per metric ton compared with $110 per 
metric ton in 2011 (United Nations Statistics Division, undated) 

China’s National Development and Reform Commission 
approved Panzhihua Iron Steel Group to develop vanadium and 
titanium resources and increasing processing titanium sponge 
and pigment capacity in Sichuan Province. Panzhihua planned 
to increase production capacity of titanium mineral concentrats 
to 500,000 t/yr, TiO, pigment to 200,000 t/yr, and titanium 
sponge to 15,000 t/yr (Steelguru.com, 201 1). | 

Germany.—In May, Tronox Pigments GmbH changed its 
name to crenox GmbH. Sulfate-route TiO, production capacity 
at the Krefeld-Uerdingen operation was 107,000 t/yr (crenox 
GmbH, 2010). 

India.—In ; une, Kerala Minerals & Metals Ltd. (KMML) 

roduced the first batch of titanium from its new 500-vyr - 
г 's first ial sponge plant ТЇ, 
sponge plant, the country's first commercial sp TO. pigment 
was supplied to the plant from KMML’s Chavara 3 det 
plant. KMML also reported it had commissioned the i 
first commercial nano-TiO, plant and a titanium E 
pilot plant (Kerala Minerals & Metals Ltd., Rd 

Trimex Group continued its plan to produce p . 

4 f rutile in the 
200.000 t/yr of ilmenite and 6,000 t/yr 0 ay Tides 
Srikurmam District, Andhra Pradesh. [п 201 oe: aclu 
completed the first phase of the Sr pani E license 
detailed engineering plans and finalizing nd private lan 
agreement with the Governm is eserves welt 
owners (Trimex Sands Pvt. Ltd., 2008). 
estimated to be 5.5 Mt of ee we 

Japan.—Toho Titanium 5.0. 
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TL plan followed a series of capacity increases. In 2008, sponge 

it a production capacity had been raised to 32,000 t/yr from 24,000 

л t/yr at Amagasaki, and ingot capacity had been increased at its 

10  Kishiwada plant to 10,000 t/yr from 7,000 t/yr in 2009 (OSAKA 

Шш Titanium technologies Co. Ltd., 2010). 

Xit —Kazakhstan.—Ust-Kamenogorsk Titanium-Magnesium 

(dmt Plant (UKTMP), the sole producer of titanium sponge in 

Иа Kazakhstan, commissioned new VAR ingot production capacity 

"fei in eastern Kazakhstan. A 16,000-t/yr ingot plant producing both 

Ол commercially pure and alloy ingot was commissioned in 2010. 

ia’ In 2008 and 2009, UK TMP formed joint ventures in Europe 

№: and Asia to produce titanium mill products for industrial and 

sift: aerospace markets (Metal-Pages, 20102). 

mics Жепуа.—1п July, Base Resources Ltd. acquired the Kwale 

Wi mineral sands project from Vaaldiam Mining Inc. and began 

icy updating a definitive feasibility study completed by Vaaldiam in 

wer 2006. The feasibility study, drilling program, and process design 

js review were completed by yearend. By 2014, Base Resources 

We; planned to begin production of heavy-mineral concentrates with 

јак production capacity for 330,000 t/yr of ilmenite, 79,000 t/yr of 

дел rutile, and 30,000 t/yr of zircon (Base Resources Ltd., 2011, 

шу p. 10-12). 

ші — Madagascar. —QIT Madagascar Minerals SA (QMM) was 

" ramping up production at its 700,000-t/yr mineral sands project 

4с near Mutamba. ОММ was a joint venture between Rio Tinto 

JE plc (80%) and the Government of Madagascar (20%). In 2010, 

atl QMM produced 287,000 t of ilmenite and planned to produce 

" 473,000 t in 2011 (McNeish, 2011). | 

" Mozambique.—K enmare Resources plc was increasing 

"m heavy-minerals production at its Moma operation to design 

је capacity. In 2010, the Moma operation produced 678,000 t of 

ji ilmenite, a 44% increase compared with that of 2009, and rutile 
production was 4,700 t, a 161% increase compared with that in 

‚ 2009. In October, a breach of a settling pond allowed water to 

Р flood into a nearby village, causing one fatality. The mine was 

| idled for 4 weeks while repairs and new safety measures were 

, Implemented. At yearend, Kenmare was proceeding with an 

à expansion plan that would increase production capacity by about 

50% (Kenmare Resources plc, 2011, p. 13). 

Norway.—Nordic Mining ASA was developing an 
rutile-bearing eclogite deposit at Engebefjellet in Sogn and 
Fjordane County. In 2010, Nordic Mining received approval 
ftom the Norwegian Climate and Pollution Agency to sell 
| tailings from its proposed Engebofjellet operation as capping 
^ e for contaminated sediments (Nordic Mining ASA, 

Russia. —ARZM Uranium Holding Co. continued to develop 
the Lukoyanovskoye heavy-minerals sands deposit near Nizhny 
Novgorod. By 2014, the company planned to begin production 
of heavy-mineral concentrates including up to 35,000 t/yr of 
/ ilmenite, and 5,000 t/yr of rutile (ARZM Uranium Holding Co., 
2010, p. 40). 

! — Owing to improving market conditions, V5MPO-AVISMA 

| Corp. resumed plans to increase its titanium sponge production 
| capacity to 44,000 t/yr by 2015. VSMPO also was proceeding 

.. With plans to increase its capacity to produce forged and mill 

| products to 45,000 to 46,000 t/yr by 2015 (Interfax, 2010). 
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Senegal.—A feasibility study of Mineral Deposits Ltd.'s 
Grande Cote heavy-minerals deposit was completed in 2010, 
allowing the company to secure financing to develop the project. 
Construction of the mine and separation plants was expected to 
begin in 2011, and initial production was scheduled for 2013. 
Once the mine and separation plants are fully commissioned, 
the company expected to produce an average of 575,000 t/yr 
of ilmenite, 80,000 t/yr of zircon, 11,000 t/yr of leucoxene, and 
6,000 t/yr of rutile (Mineral Deposits Ltd., 2010, p. 16). 

Sierra Leone.—A strategic review of Titanium Resources 
Group Ltd. (TRG) plans to optimize and expand its production 
was underway and expected to be completed in 2011. In 2010, 
production was hindered by a fire on its dredge, downtime 
following a move of the wet separation plant, and problems with 
slimes in the dredge pond. In 2011, TRG expected its ilmenite 
and rutile production to be similar to that in 2010 (18,200 t of 
ilmenite and 63,900 t of rutile), but a significant increase in 
production was expected in 2012 following the completion of 
process improvements. Subsequent to yearend, TRG changed its 
name to Sierra Rutile Ltd. (Sierra Rutile Ltd., 2011, p. 6—7). 

South Africa.—lIn October, a burn-through caused both slag 
furnaces at Exxaro Resources Ltd.'s KZN Sands operation to 
be idle for 2 months. Despite production lost to maintenance 
and repair, total slag production from Exxaro's KZN Sands 
and Namakwa Sands operation increased by 16% to 284,000 t. 
Exxaro's Hillendale Mine neared the end of its life; however, 
plans were underway to develop the Fairbreeze deposit as a 
substitute for the waning production from the Hillendale Mine 
(Exxaro Resources Ltd., 2011, p. 45, 53). 

Rio Tinto invested $158 million in a tailings treatment 
facility at its Richards Bay Minerals heavy-minerals operation. 
At yearend, the treatment facility neared completion and was 
scheduled to begin production in the first quarter of 2011. 
Heavy-mineral concentrates, including ilmenite and rutile, were 
to be recovered from about 30 years accumulation of mine 
tailings (Industrial Minerals, 2010). 

Ukraine. —Rutile-Ilmenite Co. (RICO) was planning to mine 
and process heavy-mineral sands at its deposit in Tarasovka. 
RICO planned to produce 51,000 t of heavy-mineral concentrates 
including ilmenite (6,000 t), leucoxene (20,000 4), rutile 
(15,000 t), and zircon (10,000 t) (Industrial Minerals, 2009). 

Velta LLC announced plans to begin production at the 
Birzulvovske mining operation near Korobchino, Kirovograd 
Oblast in 2012. Initial capacity of the operation was expected to 

be 180,000 t/yr of ilmenite (Mineral Sands Report, 2010). 

_ Иетат.— 1 an effort to assist the domestic mining 
industry, the Government of Vietnam continued to Suspend a 
ban on exports of titanium and zirconium mineral concentrates 
designed to encourage the production of value-added products 
Producers were permitted to export through the end of 2010 | 
(Mineral Sands Report, 2009). 


Outlook 


| For the foreseeable future, the market for titanium minerals 
15 expected to be driven by the production of TiO, Pigment. 
Unless new mines are developed, the U.S. reliance on imports 


of titanium mineral concentrates is likely to increase as existing 
mines are expected to be depleted by 2020. 

Global demand growth for TiO, is expected to track with 
the total global gross domestic product and the production of 
paint, paper, and plastics. Through 2020, higher-than-average 
growth is expected to continue in Asia. China, in particular, is 
expected to lead world growth in production and consumption 
of TIO,. The International Monetary Fund (IMF) projected 
that world economic growth would be about 4.396 in 2011 and 
4.596 in 2012. The IMF expected China to lead global economic 
growth with 9.696 in 2011 and 9.596 growth expected in 2012. 
China's continued growth was expected to significantly increase 
titanium mineral, pigment, and metal consumption during the 
long term. In the United States, the economy was projected 
to increase by 2.2% in 2011 and 2.6% in 2012 (International 
Monetary Fund, 2011). The U.S. Congressional Budget Office 
projected the long-term U.S. gross domestic product growth to 
average 3.6% per year from 2013 to 2016 (U.S. Congressional 
Budget Office, 2011). 

Aerospace, defense, and industrial uses are expected to strongly 
influence consumption of titanium metal for the foreseeable 
future. Commercial aircraft production is expected to remain the 
dominant consumer of titanium metal. The growth of the global 
airplane fleet was projected to average 3.676 per year from 2010 
to 2030 (Boeing Co., The, 2011, p. 4). According to one industry 
estimate, global consumption of titanium metal by the defense 
industry was expected to climb to 19,100 t by 2015 from 
14,500 t in 2010 (Hickton, 2011, p. 20). Within the next 3 years, 
global titanium metal production was expected to increase 
in line with the construction of new aircraft and increased 
industrial output. Government and private industry programs may 
commercialize lower cost methods of producing titanium metal. 
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Mineral concentrate: 


Consumption? 2 


TABLE ! 
SALIENT TITANIUM STATISTICS! 


2006 2007 2008 2000 2010 

Imports for consumption metric tons 1,230,000 1,460,000 1,380,000 943,000 1,200,000 
do. 1,870,000 1,950,000 1,780,000 1,700,000 1,920,000 

Imports for consumption do. 24,400 25,900 23,900 16,600 20,500 
do. 28,400 33,700 W W 34,900 


dollars per pound 5.87-12.84 6.33—7.06 6.16—8.02 4.50-7.07 3.50-6.24 


Titanium dioxide pigment: 


i 7 

I[menite concentrate 
А 8 

Rutile concentrate, natural | do. 


Titaniferous slag“ 
“Estimated. "Revised. do. Ditto. W Withheld to avoid disclosing company proprietary data. 


'Data are rounded to no more than three significant digits, except prices. 


metric tons 1,370,000 1,440,000 1,350,000 1,230,000 1,320,000 
Imports for consumption B | do 288,000 221,000 183,000 175,000 204000 
Consumption, apparent do. 1,080,000 ^ 979,000 5 800,000 5 757,000 5 — 762,000? 
Producer price index, yearend® (1982-100) 165 162 170 164 194 
World, production: 


metric tons 6,860,000 ' 7,140,000 ' 6,970,000 " 6,090,000! 6,870,000 
516,000 ' 607,000 * 634,000 ' 571,000" 710,000 
do. 2,160,000 2,230,000 2,230,000 2,000,000 2,210,000 


^Excludes consumption used to produce synthetic rutile. 

Landed duty-paid unit based on U.S. imports for consumption. 

*Production plus imports minus exports plus stock decrease or minus stock increase. 

*Production plus imports minus exports, Excludes stock changes. 

Source: U.S. Department of Labor, Bureau of Labor Statistics. 

"Includes U.S. production of ilmenite, leucoxene, and rutile rounded to one significant digit to avoid disclosing company proprietary data. 


80.5. production of rutile included with ilmenite to avoid disclosing company proprietary data. 


TABLE 2 
U.S. TITANIUM METAL PRODUCTION CAPACITY IN 2010"? 


(Metric tons per year) 


қамы SS eee Yearend capacity 
JOKES RM. | 
Company Plant location | E Sponge . Ingo | | 
КК ^^“ Whitehall Ml — — - > 
AE те e cR 109 
Allegheny Technologies Inc. — Albany, OR (4 ien 
MN MM BH co NE 
EC аң © Richland, WA э m 
во мт 10300 o 
"C 
Honeywell Electronic Materials Inc. Salt Lake City, UT — 300 
Perryman Co. | | | Houston, PA _ 13,600 
RTI International Metals, Inc. . Niles OH | 0-0 2600 12,300 
Titanium Metals Corp.  Hendemon NV. 155 0700 
Doe |) d; Morgantown, РА | 800 
UN 000005 7 7 Vallejo, СА MENO coros 
Total | | nod opp ee о aere 


"Estimated. Do. Ditto. за Zero. 


'Data are rounded to no more than three significant digits; 
per-week full production. 


may not add to totals shown. 


"Estimated operating capacity based on 7-day- | 
; -arc-remelting capacity. | 

Includes electron-beam, plasma, and vacuum-arc ЖОО did not 
‘In July 2009, sponge capacity of 9,980 metric tons per year was temporarily 


operate in 2010. 
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TABLE 3 
COMPONENTS OF U.S. TITANIUM METAL SUPPLY AND DEMAND! 


(Metric tons) 


Component 


Production: 
Ingot 
_ Mill products | 
Exports: 
Waste and scrap 
Sponge 
Other unwrought | 
Wrought products and castings 


Total 
Imports: 
__Waste and scrap 
Sponge 
Other unwrought = 
Wrought products and castings _ 
Total 
Stocks, industry, yearend: 
Sponge 
о Scrap 


Ingot 
Consumption, reported: 
Sponge | 
Scrap 
Ingot 
Shipments: 
Ingot 
Mill products (net shipments): 
Forging and extrusion billet 
Other | 
__ Total | 
Castings (shipments) 
Receipts, scrap: 
Ноте _ 


Ригсћазед 
Total 


‘Revised. W Withheld to avoid disclosing company proprietary data. 


Data are rounded to no more than three significant digits; may not add to totals shown. 


2009 2010 
35,600 56,400 
31,900 36,300 

4,200 3,480 

820 293 

3,790 3,040 
12,500 14,800 
21,300 21,600 

4,710 10,700 
16,600 20,500 

573 444 

6,930 8,720 
28,900 40,300 
15,300 10,500 

9,880 7,900 

2,680 2,920 

W 34,900 
25,700 29,200 
30,100 40,900 
10,600 13,700 

9,520 19,700 
14,100" 18,500 
23,700 38,300 

W W 
аси 
10,600 9,770 

17,700 23,400 

28,300 33,200 


78.9 


78.10 


TABLE 4 
U.S. PRODUCERS OF TITANIUM DIOXIDE PIGMENT IN 2010" >> 


(Metric tons per year) 


|. Company | my Plant location Yearend capacity" 
Cristal Global | Е Ashtabula, ОН | В 220,000 
Du Pont Titanium Technologies E. E De Lisle, MS _ - i 340,000 

Do — —  EdgemornDE | US 154,000 
Пт Те Т” е New Johnsonville, TN — | 380,000 
Louisiana Pigment Со. L.P. - И Lake Charles, LA ees 146,000 
Tronox Inc. |  .  . Hamilton, MS Же 225,000 

Ро. $ауаппаһ, СА | (5) 

Total м 
Do. Ditto. 


Estimated operating capacity based on 7-day-per-week full production. 

2ТаЫе does not include TOR Minerals International, Inc.'s Corpus Christi, TX, production capacity 
of about 26,400 metric tons per year (t/yr) of buff TiO; pigment that is produced by refining and fine 
grinding of synthetic rutile. 

?Data are rounded to no more than three significant digits; may not add to total shown. 

ЗА plants use the chloride process to manufacture TiO, pigment. 

‘Tronox Inc. idled its 110,000-t/yr plant in the fourth quarter of 2009, and did not operate the plant 
in 2010. 


TABLE 5 
COMPONENTS OF U.S. TITANIUM DIOXIDE PIGMENT SUPPLY AND DEMAND! 


2200900 о MEME 
Gross | TiO, — Gross TiO; 
weight content weight сон _ 
Production =  metrictons 1,230,000 — 1,150,000 * 1,320,000 — 1,240000 , 
Shipments: 
Quantity do. 1,280,000 1,200,000“ — 1,360,000 1,270,000 
Value thousands $2,830,000 XX $3,170,000 | XX 5 
Exports metric tons 649,000 609,000 < 758,000 713,000 - 
Imports Юг consumption do. 175,000 | 165,000 * 204,000 192,000 _ 
Consumption, apparent^ 4 b do. | 757,000 __ 710,000 767,000 
*Estimated. do. Ditto. XX Not applicable. 
‘Data are rounded to no more than three significant digits. 
?Excludes production of buff pigment. 
*Includes interplant transfers. 
"Production plus imports minus exports. Excludes stock changes. 
Sources; U.S. Census Bureau and U.S. Geological Survey. 
S 
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719,000 | 
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UE ee __ -__-_-_-__________-_____________ 


TABLE 6 
ESTIMATED U.S. CONSUMPTION OF TITANIUM CONCENTRATE"? 


(Metric tons) 
2009 2010 
Gross TiO, Gross TiO, 
weight content weight content 
Pigment 1,620,000 NA 1,730,000 NA 
Miscellaneous? 78,400 NA 90,000 NA 


И 
Total 1,700,000 1,360,000 1,820,000 1,460,000 
МА Not available. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes a mixed product containing altered ilmenite, leucoxene, and rutile. 

*Includes alloys, carbide, ceramics, chemicals, glass fibers, titanium metal, and welding-rod 
coatings and fluxes. 


TABLE 7 
U.S. CONSUMPTION OF TITANIUM IN STEEL AND OTHER ALLOYS"? 


(Metric tons) 
2009 2010 
Steel: 

Carbon steel 4,660 6,110 
Stainless and heat-resisting steel 2,600 3,300 
Other alloy steel’ 524 ' 649 
Total steel 7,790 ' 10,100 
Cast irons 12 16 
Superalloys Е 462 522 
Alloys, other than above I 994 ' 1,020 
Miscellaneous and unspecified 42' 42 
Grand total 9,300 ' 11,700 

"Revised. 


Includes ferrotitanium, scrap, sponge, and other titanium additives. 
?Data are rounded to no more than three significant digits; may not add to totals shown. 


*Includes high-strength low-alloy and tool steel. 


78.11 


78.12 


TABLE 8 | 
U.S. DISTRIBUTION OF TITANIUM PIGMENT SHIPMENTS, 


TITANIUM DIOXIDE CONTENT, BY INDUSTRY! 


(Percent) 

| Industry 2009 2010 * 
Paint, varnish, lacquer 59.2 57.1 
Paper 10.1 9.7 
Plastics and rubber 24.5 27.4 
Other 6.2 5.8 

Total 100.0 100.0 
"Estimated. 
'Excludes exports. 


?Includes agricultural, building materials, ceramics, coated fabrics 
and textiles, cosmetics, food, paper, and printing ink. Also includes 


shipments to distributors. 


TABLE 9 


YEAREND PRICES OF TITANIUM PRODUCTS 


— Ц 
————————— 


2009 2010 
Concentrate: — 
. llmenite, free on board (Г.о.Б.) Australian ports! dollars per metric ton 60-85 65-85 
_ Rutile, bagged, f.o.b. Australian ports! do, 700-800 760-805 
_ Rutile, bulk, f.o.b. Australian ports! ЕЕ do. 525-540 530-550 
Titaniferous slag, import, 80% to 95% TiO,” do. 401-439 367-433 
Metal: — | 
. Sponge import? dollars per pound 4.50-7.07 3.50-6.24 
Scrap, turnings, unproccessed' do. 0.90—1.00 2.00-2.10 
Femotitanium, 70% T? | | do. 2.12-2.20 — 3.18325 
Mill products" и mM producer price index = 197 20 
Titanium dioxide pigment - | do, 164 194 
do. Ditto. 
"Source: Industrial Minerals. 
Landed duty-paid unit value based on U.S. imports for consumption. 
*Source: Platts Metals Week. 
*1982=100. Source: U.S. Department of Labor, Bureau of Labor Statistics. 
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Class 
Metal: 
Scrap 
Unwrought: 
Sponge 
Ingot 
Other 
Wrought: 
Billet 
Bloom, sheet bar, slab 
Bar, rod, profile, wire 
Other 
Total 
Ferrotitanium and ferrosilicon titanium 
Ores and concentrates 
Pigment: У 
8076 or more titanium dioxide pigment 
Other titanium dioxide pigment 
. Unfinished titanium dioxide? 
Total 


TABLE 10 
U.S. EXPORTS OF TITANIUM BY CLASS! 


eee 


HTS? 
8108.30.0000 


8108.20.0010 
8108.20.0030 
8108.20.0090 


8108.90.6010 
8108.90.6020 
8108.90.6031 
8108.90.8000 


7202.91.0000 
2614.00.0000 


3206.11.0000 
3206.19.0000 
2823.00.0000 


2009 2010 

Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) 
4,200 $14,000 3,480 $19,200 
820 8,560 293 2,330 
776 19,800 467 9,530 
3,020 41,300 2,570 31,900 
2,010 75,200 2,240 71,600 
913 26,900 1,240 35,500 
2,300 130,000 2,830 149,000 
7,240 476,000 8,450 531,000 
21,300 792,000 21,600 856,000 
2,020 7,360 2,570 12,200 
14,800 8,230 18,900 11,800 
617,000 1,230,000 717,000 1,570,000 
28,000 67,000 36,700 102,000 
3,500 7,720 4,160 11,000 
649,000 1,310,000 758,000 1,690,000 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
*Harmonized Tariff Schedule of the United States. 


?Unmixed and not surface treated. 


Source: U.S. Census Bureau. 


78.13 


78.14 


TABLE 11 


U.S. IMPORTS FOR CONSUMPTION OF TITANIUM CONCENTRATE, BY COUNTRY! 


2009 2010 
ice um Mi PRSE o у „эу 


Concentrate and country 
Ilmenite: 
Australia 
Mozambique 
Ukraine 
Other 
Total 
Titaniferous slag: 
Canada 
South Africa 
Other? 
Total 
Rutile, natural: 
Australia 
Sierra Leone 
South Africa 
Other? 
Total 
Rutile, synthetic: 
Australia 
Malaysia 
Other? 
Total 
Titaniferous iron ore, Canada* 
"Revised. -- Zero. 


HTS? 
2614.00.6020 


2620.99.5000 


2614.00.6040 


2614.00.3000 


2614.00.6020 


Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) 


105,000 $10,200 98,200 $9,680 
120,000 8,840 199,000 14,800 
14,800 1,850 57,500 10,100 
10,200 € 917° 22,300 3,070 
250,000 21,800 377,000 37,600 
109,000 44,600 150,000 64,700 
305,000 123,000 325,000 135,000 
91 32 zc - 
[94150020000 
122,000 70,700 83,500 55,000 
10,800 5,970 29,800 17,300 
75,700 37,100 96,500 51,700 
15,300 ' 9,030 ' 19,100 21,200 
224,000 123,000 229,000 145,000 
48,000 14,000 109,000 45,500 
4,790 2,920 4,460 2,620 
2,810 848 9,170 4310 
55,600 17,700 122,000 52,400 
10,000 532 83,100 6,760 


"Рана are rounded to no more than three significant digits; may not add to totals shown. 


*Harmonized Tariff Schedule of the United States. 


? All or part of these data have been referred to the U.S. Census Bureau for verification. 


"Includes materials consumed for purposes other than production of titanium commodities, principally heavy 
aggregate and stee]-furnace flux. Titaniferous iron ore from Canada is classified as ilmenite under the HTS. 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 
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TABLE 12 


U.S. IMPORTS FOR CONSUMPTION OF TITANIUM METAL, BY CLASS AND COUNTRY! 


NC 
те нынан асан тынатын саткан LM 


Üy ја 2009 2010 _ 
ИБ) (иш Quantity Value Quantity Value 
= Class and country HTS? (metric tons) (thousands) (metric tons) (thousands) 
w p Waste and scrap: 8108.30.0000 Се 
№ p Canada 341 $563 682 $3,130 
у р France 1,220 5.500 1,480 10,700 
юг Germany 903 3,940 2,050 15,000 
—— - _ Israel 6 6 256 2,060 
м в 93 311 398 3,580 
Japan 505 1,700 1,550 11,000 
"№ — Korea, Republic of 100 683 416 2,820 
ТМ Russia 68 ' 615! 243 1,860 
___- Taiwan 133 516 692 3,870 
) 11 ^ United Kingdom 1,140 3,190 1,720 13,200 
Other 264 ' 613! 1,230 8,260 
B Total 4,770 17,600 10,700 75,500 
[3 Unwrought: 
М. Sponge: | 8108.20.0010 
1y Japan 5,870 81,600 9,790 110,000 
ІТ Kazakhstan‘ 9,930 88,800 8,550 69,700 
m Other 806 ' 7,600 ' 2,120 17,000 
s Total 16,600 178,000 20,500 196,000 
7 Торој: 8108.20.0030 
во Са)  — = = 48 631 
7Ш беппапу 364 10,300 156 2,640 
їй Жа 7 155 2,830 12 154 
= “Ole Вани 12 223 21 447 
Total 531 13,300 237 3,880 
Powder: 8108.20.0015 | 
hing Отты: 17 385 96 1,830 
Germany 2 468 6 1,180 
T Japan 4 1,070 6 1,380 
Ш Other 1: 468 ' 11 1,030 
ME СО ира 24 290 — 19 5,420 
Other: 8108.20.0091 
NU Е l 275 16 48 
China (4) 6 15 104 
France ~ = 7 794 
Germany 10 202 26 554 
United Kingdom 4 572 21 2,230 
Other 3' 165° 2 248 
Е 18' 1,220 88 3,980 
Wrought products and castings: 8108.90.3030, 8108.90.3060, 8108.90.6010, 8108.90.6020, 
8108.90.6031, 8108.90.6045, 8108.90.6060, 8108.90.6075 
China 470 18,700 537 17,400 
Japan 229 16,500 181 12,700 
— Russia 5260 171,000 7,430 211,000 
United Kingdom ЕНЕ 309 32,800 140 15,600 
Other 657! | 52,900 | = 721. 42,400 
БЕУ 6,930 292,000 8,710 299,000 
Ferrotitanium and ferrosilicon titanium 7202.91.0000 = о 11 11 2540 . 6750 2,14 11,500 
"Estimated. "Revised. -- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
*Harmonized Tariff Schedule of the United States. 
"Includes bar, billet, bloom, castings, foil, pipe, plate, profile, rod, sheet, sheet bar, slab, strip, tube, wire, and other. 
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78.15 


Less than № unit. 


TABLE 12—Continued 


U.S. IMPORTS FOR CONSUMPTION OF TITANIUM METAL, BY CLASS AND COUNTRY! 


тоу ОИ 


Source: U.S. Census Bureau. 


78.16 


TABLE 13 


U.S. IMPORTS FOR CONSUMPTION OF TITANIUM PIGMENT, BY COUNTRY! 


Country 


80% or more titanium dioxide pigment: 


Australia 
Canada 


China 


Finland 
France 
Germany 
Italy 
Japan 


_ Netherlands | | 
South Africa 


Ukraine 
Other 
Total 
Other titanium dioxide: 


Canada 


2 China 


_ Germany 


Japan 
Other 
Total 


Unfinished titanium dioxide: 


China 


Czech Republic 


: Finland 
France 
Germany 

_ Japan 


Korea, Republic of 


Other 


Total | 


Grand total 


"Revised. 


"Data are rounded to no more than three significant digits; may not add to totals shown. 
*Harmonized Tariff Schedule of the United States. 


3 4 
Unmixed and not surface treated. 


Source: U.S. Census Bureau. 


2009 2010 
Quantity Value Quantity Value 

HTS? (metric tons) (thousands) (metric tons) (thousands) 
3206.11.0000 

2,660 $4,400 2,000 $3,930 

59,600 130,000 83,400 183,000 

9,910 15,600 8,120 15,800 

8,290 19,100 7,970 16,000 

3,150 5,980 4,200 8,990 

6,970 14,900 5.720 13,300 

4,870 9,120 2,890 6,170 

3,300 12,800 4,350 18,600 

3,620 6,880 4,730 9,790 

10,300 21,300 2 4 

6,150 9,560 9,890 15,900 

11,400 ' 21,300 ' 11,700 22,900 

22130000 271,000 145,000 314,000 
3206.19.0000 

8,160 20,700 7,230 18,600 

766 2,880 1,550 4,510 

2,500 7,800 1,440 5230 

509 5,450 836 1,910 

1,020 ' 7,020 ' 1,060 8,870 

13,000 43,900 12,100 45,100 
2823.00.0000 

9,880 14,200 22,400 41,300 

1,920 3,480 2,400 4,610 

1,800 4,450 2,960 6,960 

4,350 14,500 4,910 16,400 

3,570 7,750 4,920 10,700 

5,240 16,900 1,110 1,020 

2,980 3,890 4,450 7,600 

2,180! 4,940 ' 4,030 8,810 

^. 31900 70,100 47,200 ШТ) 

175,000 385000 2400 46200) 
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ТАВІЕ 14 
TY TITANIUM: WORLD PRODUCTION OF MINERAL CONCENTRATES, BY COUNTRY "? 
— 
(Metric tons) 
- Concentrate type and country — 2 207 її е — 3 — 
Australia 2,508,000 2,503,000 2,230,000 ' 1,611,000 ' 1,651,000 
Brazil’ 94,909 ' 100,364 ' 175,076 ' 71,22" 75,000 
China" 1,000,000 1,100,000 1,100,000 900,000 ' 1,000,000 
India* 690,000 700,000 610,000 ' 700,000 ' 900,000 
Kazakhstan" 25,000 25,000 25,000 25,000 25,000 
Malaysia 45,649 60,250 36,779 15,983 ' 19,064 * 
i) Mozambique -- 140,515 328,875 471,524 ' 678,000 
E Norway" 850,000 882,000 915,000 ' 671,000 * 670,000 
іше Sierra Leone 13,819 15,750 17,528 15,164 ' 18,206 € 
m Sri Lanka 57,033 ' 70,728 ' 22,159 ' 122,424 ' 52,637 
м _ Ukraine 470,000 500,000 520,000 " 500,000 * 500,000 * 
ІШ United States® ° 500,000 400,000 300,000 300,000 400,000 
i Vietnam’ 604,700 ' 643,400 ' 692,700 ' 686,800 ' 881,000 * 
s Total® 6,860,000 ' 7,140,000 ' 6,970,000 ' 6,090,000 ' 6,870,000 
, Rutile:* 
- Australia 232,000 312,000 325,000 281,000 ' 380,000 
à Brazil? 2,100 3,000 2,431 2,881 2,900 
И India" 21,000 21,000 21,000 21,000 25,000 
| | “Madagascan ы оо о о о О ОООО ы => -- 3,200 7“ 5,700 * 
yi Malaysia 1,450 1,450 1,834 1,502 7,567 
к Mozambique ы; 8,782 6,552 1,697 4,656 
a Sierra Leone 73,802 82,527 78,908 63,864 68,198 
= South А са“ 123,000 114,000 127,000 134,000 153,000 
iy Sri Lanka 2,280 ' 4,607 ' 11,335" 2,276 ' 2,568 
K Ukraine? 60,000 60,000 60,000 60,000 60,000 
5 United States (9) (9) (9) (9) (9) 
E Total 516,000 ' 607,000 ' 634,000 ' 571,000 ' 710,000 
J Titaniferous зар: '° 
T Canada 930,000 960,000 1,000,000 765,000 1,090,000 
Я South Africa 1,230,000 1,270,000 1,230,000 1,230,000 1,120,000 
j Total 2 2,160,000 2,230,000 2,230,000 2,000,000 2,210,000 
| "Estimated. ‘Revised. -- Zero. 
i ‘Totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
"Table includes data available through July 11, 2011. i 
| "IImenite is also produced in Canada, Madagascar, and South Africa, but this output is not included here Because non or it is 
| duplicative of output reported under “Titaniferous slag,” and the rest is used for purposes other than production of titanium 
| commodities, principally steel furnace flux and heavy aggregate. 
| "Small amounts of titanium minerals were reportedly produced in various countries; information, however, is inadequate to 
make reliable estimates of output levels. 
| "Excludes production of unbeneficiated anatase ore. 
“Includes rutile to avoid disclosing company proprietary data. Rounded to one significant digit. 
"Estimate based on import statistics from trading partners (primarily China and Japan). u | 
"Includes U.S. production, rounded to one significant digit, of ilmenite, leucoxene, and rutile to avoid disclosing company 
proprietary data. 
"Included with ilmenite to avoid disclosing company proprietary data. | | EN К 
Slag is also produced in China, Norway, Kazakhstan, Russia, and Vietnam, but this output is not included under “Titaniferous slag 
to avoid duplicative reporting. 
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TUNGSTEN 
By Kim B. Shedd 


Domestic survey data and tables and the world production table were prepared by Lisa D. Miller, international data 


ordinator. 


In 2010, one U.S. tungsten operation shipped ore 
ncentrates. Most of the U.S. supply of tungsten raw materials 
omprised imports, scrap, and sales from the National Defense 
tockpile (NDS). China continued to be the world’s leading 
roducer of tungsten concentrates and the leading supplier 
f tungsten imports to the United States. U.S. apparent 
onsumption increased significantly in 2010, as compared with 
iat of 2009. Salient U.S. tungsten statistics and world tungsten 
ncentrate production for 2010 and the previous 4 years are 
sted in table 1. 

Most data in this report have been rounded to three significant 
igits. Totals and percentages were calculated from unrounded 
umbers. Unless otherwise specified, all statistics in this report 
re in metric tons of contained tungsten. Tungsten prices and 
лапу tungsten statistics from other sources are quoted in units 
f tungsten trioxide (WO,). The short ton unit, which is used in 
је United States, is 1% of a short ton (20 pounds), and WO, is 
9.376 tungsten by weight. A short ton unit of WO,, therefore, 
quals 20 pounds of WO, and contains 7.19 kilograms (kg) 
15.86 pounds) of tungsten. The metric ton unit, which is used in 
nost other countries, is 1% of a metric ton (10 kg). A metric ton 
mit of WO,, therefore, equals 10 kg of WO, and contains 7.93 
(17.48 pounds) of tungsten. 

Tungsten is a whitish-gray metal with many unique properties 
ind a wide variety of commercial, industrial, and military 
ipplications. The leading use is as tungsten carbide in cemented 
‘arbides, which are wear-resistant materials used by the 
‘onstruction, metalworking, mining, and oil and gas drilling 
ndustries. Pure or doped tungsten metal contacts, electrodes, 
ind wires are used in electrical, electronic, heating, lighting, 
ind welding applications. Tungsten is also used to make 
loys and composites to substitute for lead in ammunition 
ind other products; heavy-metal alloys for armaments, heat 
sinks, radiation shielding, and weights and counterweights; 
superalloys for turbine engine parts; tool steels; and wear- 
‘esistant alloy parts and coatings. Tungsten chemicals are 
ased to make catalysts, corrosion-resistant coatings, dyes and 
?Igments, fire-resistant compounds, lubricants, phosphors, and 
semiconductors. 


Legislation and Government Programs 


The Defense Logistics Agency (DLA), U.S. Department of 
Defense, changed the name of the Defense National Stockpile 
Center to DLA Strategic Materials. DLA had two sales formats 
for NDS tungsten materials—negotiated sales and a strategic 
supply alliance (SSA). Under the SSA format, prequalified 
purchasers could submit bids for tungsten ores and concentrates 
via the DLA Web site at any time, 24 hours per day and 7 days 
per week. During fiscal year 2010 (October 1, 2009, through 
September 30, 2010), 2,670 metric tons (t) of contained tungsten 
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was sold. During (ће calendar year, 2,060 t of tungsten was sold. 
The quantities of uncommitted tungsten materials remaining in 
the stockpile at the end of the calendar year are listed in tables | 
and 2 (U.S. Department of Defense, 2011, p. 8). 

The Annual Materials Plan (АМР) for fiscal year 2010, which 
represented the maximum quantities of tungsten materials that 
could be sold, is listed in table 2. The proposed AMP for fiscal 
year 2011 (October 1, 2010, through September 30, 2011), was 
to remain unchanged for tungsten. Sales of tungsten materials 
were curtailed in order to hold a goal quantity equivalent to | 
year's AMP (U.S. Department of Defense, 2011, р. 2, 6-7). 

The Dodd-Frank Wall Street Reform and Consumer 
Protection Act (Public Law 111—203) was signed into law on 
July 21. Section 1502 of the law required annual reporting by 
companies that file reports with the U.S. Securities and Exchange 
Commission for whom conflict minerals were necessary to the 
functionality or manufacture of their products. Conflict minerals 
were defined as columbite-tantalite (coltan), cassiterite, gold, 
wolframite, or their derivatives, or any other mineral or its 
derivatives determined by the Secretary of State to be financing 
conflict in Congo (Kinshasa) or an adjoining country. Wolframite 
is one of two principal minerals mined for tungsten. Tungsten 
mine production from Congo (Kinshasa) and adj oining countries 
Is typically less than 4% of world production (table 15). 


Production 


Domestic production statistics for tungsten are based on data 
collected by the U.S. Geological Survey (USGS) by means of 
two separate voluntary surveys. Statistics that result from these 
surveys are listed in tables 1 and 3. The annual “Tungsten Ore 
and Concentrate Survey" covered the production, purchase, 
disposition, and stocks of tungsten ores and concentrates. In 2010 
Curtis Tungsten, Inc. (Upland, CA) produced and Shipped scheelite 
concentrates from the Andrew Mine northeast of Los Angeles, CA 

EMC Metals Corp. (Vancouver, British Columbia, Canada) | 
appointed an agent for the sale of its Springer complex in 
Pershing County, NV. The complex comprised an underground 
scheelite mine, a mill, and a processing plant designed to produce 
either ammonium paratungstate (APT) or calcium tungstate (also 
known as synthetic scheelite). The mine and mill had a rated 
output of 146,000 metric ton units per year [1,160 metric tons 
per year (t/yr) of contained tungsten]. Although on care-and- 
maintenance status since 1982, investments have been made to the 
facilities in recent years, and work to make the primary millin 
and flotation circuits fully operational was nearly complete "s 
yearend, EMC had expanded its options for Springer to incide 
restarting operations, establishing a joint Venture, or selling the 
assets (EMC Metals Corp., 201 la, p. 7; b, p. 7, 14). 

The USGS monthly "Tungsten Concentrate and Tungsten 
Products Survey” canvassed companies that produced tungsten 
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carbide powder, tungsten chemicals, and (or) tungsten metal 
powder from APT, tungsten-bearing scrap, and tungsten 
concentrate. U.S. processors of tungsten materials operating in 
2010 are listed in table 4. 

In 2010, U.S. processors consumed more tungsten 
concentrates, APT, and scrap than they did in 2009. Domestic 
production of APT was higher than that of 2009. Total net 
production of tungsten metal powder and tungsten carbide 
powder increased by 57% in 2010 compared with that of 2009 
(table 3). 

Global Tungsten & Powders Corp. (GTP) announced that 
it planned to invest more than $10 million in its Towanda, 

PA, plant. The investment reportedly would include new 
technology for tungsten metal powder production and would 
increase the plant's tungsten metal powder production capacity 


(Loewenstein, 2010). 


Consumption 


U.S. apparent consumption of all tungsten materials, as 
calculated from net imports, secondary production, and changes 
in Government and industry stock levels, was 15,600 t in 2010, 
34% higher than the 2009 apparent consumption of | 1,600 t. 
Primary U.S. production was not included in the calculation 
to avoid disclosing company proprietary data. The increase in 
apparent consumption in 2010 was the result of si gnificantly 
higher net imports, scrap consumption, and NDS shipments 
compared with those of 2009. Е 

Statistics on consumption of tungsten іп end-use applications 
by U.S. metal consumers were developed from the voluntary 
«Consolidated Consumers Survey." For this survey, more than 
50 tungsten consumers were canvassed on a monthly or annual 
basis. Reported consumption and stock data in tables 1 and 5 
include estimates to account for nonrespondents. 

Total U.S. reported consumption of tungsten materials to 
make end-use products in 2010 was 4675 higher than that of 
2009. With the exception of steelmakers and producers of 
other alloys, tungsten consumption by all industries (producers 
of cemented carbides, chemical products, mill products, and 
superalloys) was higher than that of 2009. Compared with 
consumption in 2009, U.S. end users consumed more tungsten 
chemicals, tungsten carbide powder, tungsten metal powder, and 
tungsten scrap, but less ferrotungsten. 

Weekly reports of the number of operating drilling rigs give 
an indication of the demand for tungsten carbide in the form of 
cemented carbide components used by industry to explore for 
or produce oil and natural gas. The number of rigs operating 
each week in the United States trended upward during the year. 
In 2010, the average of weekly operating rigs was 1,546, 42% 
higher than the average of 1,089 operating rigs in 2009 (Baker 
Hughes Inc., undated). 

In 2010, total consumption of tungsten scrap by U.S. 
processors and consumers was 5,880 t of contained tungsten, 
which was 66% more than the 3,550 t consumed in 2009. 


Prices 


APT is the most widely traded primary tungsten material, 
and as a result, its price has become a reference price for such 


79.2 


upstream materials as tungsten ore concentrates and such 
downstream materials as tungsten metal powder and tungsten 
carbide powder. Annual average APT prices increased from 
those of 2009 (table 1). The U.S. APT price reported by Platt 
Metals Week increased three times during the year and ranged 
from $154 to $220 per short ton unit ($170 to $243 per metne 
ton unit). U.S. APT prices reported by Metal Bulletin were fairly 
stable during the first 7 months of the year, decreased slightly 
in late July, increased four times between mid-August and late 
October, and then were stable throughout the remainder of the 
year. They ranged between $160 and $243 per short ton unit 
($176 to $268 per metric ton unit). 

The semiweekly tungsten ore price reported by Metal Bulletin 
has remained unchanged since late 2008 (table 1). The U.S. spot 
tungsten ore concentrate price reported by Platts Metals Week 
increased twice during the year and ranged from $131 to $175 
per short ton unit ($144 to $193 per metric ton unit). The annual 
average of Platts’ tungsten ore concentrate prices increased by 
21% from that of 2009. Platts’ annual average ferrotungsten 
price increased by 22% to $34.30 per kilogram of contained 
tungsten in 2010 from $28.08 per kilogram of contained 
tungsten in 2009. In 2010, the ferrotungsten price ranged 
between $25.50 and $52 per kilogram. 


Foreign Trade 


The tungsten content of U.S. exports was 4,620 t, 67% more 
than the 2,770 t exported in 2009. In 2010, the quantity of 
tungsten in every export category except for ferrotungsten and 
waste and scrap was higher than that of 2009 (tables 6-10). 

The tungsten content of U.S. imports was 12.400 t, 24% more 
than the 10,000 t imported in 2009. China, which continued 
to be the leading supplier of imported tungsten 10 the ets 
States, provided 49% of all tungsten imports in 2010. In 2 
the tungsten content of imports from China increased by 33 ! 
to 6,080 t from 4,580 t in 2009. The distribution of et 
imported from China was as follows: АРТ, 40%; шерін A 
18%; tungsten carbide powder, 16%; wrought tungsten, қы 
ferrotungsten апа unwrought tungsten, 5% each; jain 
powders, 4%; and tungsten waste and scrap, other їп =» 
and other tungsten compounds, minor amounts. s; T 
significant suppliers of tungsten materials to the Ш di 
were as follows: Bolivia, 8%; Germany and Е 
and Israel, Peru, and the Republic of Korea, 4% in 

The tungsten contained in U.S. imports of Ja Pih 
concentrates was 24% lower than that of pe S ues 
2010, the leading suppliers of U.S. imports 7 s Ви m 
concentrates were Bolivia (34%), Portugal (22/0). 
and Spain (896). 

U.S. imports of APT were $ 
2009 (table 12). China continue 
providing 96% of U.S. APT impo Y 
materials are presented in tables зе mor 

In 2010, U.S. net import Pelias Md p «cliance 5? 
of apparent consumption was „= ged to mea sure P 
percentage of apparent AMA. cornes Uo 
adequacy of current domestic 2 as imports minus exp? 
Net import reliance was define t and indust stock € 
plus adjustments for Governmen 


lightly lower than those of. 


d to be the А 
rts. Imports 0 ot 


ten as 4 percentag? 
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"m Releases from stocks, including shipments from the NDS, were 
Ilvir counted as part of import reliance, regardless of whether they 
АИ ужа were imported or produced in the United States. Because there 
АМ ша» was only limited U.S. mine production іп 2010, about 63% of 
siita U.S. tungsten supply was from imports and stock releases, and 
ШЫЛЫ» 37% was from scrap materials generated in the United States. 
ІЛ 
шт 
йиш: 


World Review 


Estimated world tungsten mine production increased 
PE significantly from that of 2009, primarily because of an 
їйї increase in production from China (table 15). In addition to 
. mine production and tungsten recovered from scrap, tungsten 
ed materials from the NDS contributed to supply in 2010. 
М8: Тре European Commission reported the results of a study of 


is 4] economically important minerals and metals. Tungsten was 


п one of 14 raw materials identified as critical for European Union 
ШЇЇ supply within a period of 10 years, based on their high economic 


mf} importance and high risk of supply shortage relative to other 
Ls materials in the study. For tungsten, the high risk of supply 
US" shortage was because a large share of worldwide production 
miS comes from China. Tungsten's criticality was increased by 
ци" economic, performance, and environmental issues of potential 
| substitutes (European Commission, 2010, p. 5—6, 23, 38). 
Australia. —Tasmania Mines Ltd. (Sydney) produced а 
small amount of scheelite concentrate from its Kara open pit 
‚ magnetite mine south of Burnie in Tasmania. 
Hazelwood Resources Ltd. (Perth) studied the feasibility 
" Of developing the Big Hill scheelite deposit within its Cookes 
~ Creek project area in northwestern Western Australia. A 
prefeasibility study indicated that the mine could produce up to 
„ 200,000 metric ton units per year of concentrate (1,600 t/yr of 
|^" tungsten) during а 12-year period beginning in 2012. The ore 
would be preconcentrated using ore-sorting methods, milled, 


и” апа then processed by conventional gravity separation methods. 


Б Hazelwood planned to use the concentrate from Big Hill as 

W feedstock for the Asia Tungsten Products Co. Ltd. ferrotungsten 
у plant, which was under construction in Vietnam (Hazelwood 
% Resources Ltd., 2010, p. 1, 5, 16). 

^" — [con Resources Ltd. (Sydney) decided to focus solely on 
tungsten and planned a staged development of its Mt. Carbine 
, tungsten mine west of Port Douglas in northern Queensland. 
i The first stage of production would be from retreating 

tailings generated during past mining operations, the second 
stage would entail crushing, sorting, and milling low-grade 

р stockpiled ore, and the final stage would be mining from open 
pit and underground operations. The company planned to 

? Беріп construction of a tailings processing plant in 2011 (Icon 
Resources Ltd., 2011). 

| Нупап Nonferrous Metals Corp. Ltd. (Changsha, China) 

? withdrew from the Dolphin Joint Venture with King Island 

$ Scheelite Ltd. (KIS, Sydney), which had been established to 

) redevelop the former King Island Scheelite Mine at Grassy, 

| King Island, northwest of Tasmania. At yearend, KIS was 

' considering a base case for the Dolphin project that included 
underground mining from stopes and pillars left from previous 
| mining operations and milling 300,000 t/yr of ore, which would 
| be processed by flotation to produce more than 2,600 t/yr 


TUNGSTEN—2010 


of tungsten in concentrate. The company was investigating 
strategies to reduce project risk and increase project value 
before seeking funding to redevelop the mine (King Island 
Scheelite Ltd., 2011). 

Planet Metals Ltd. (Brisbane) maintained its Wolfram Camp 
tungsten-molybdenum project west of Cairns, Queensland, on 
care-and-maintenance status. During 2010, the company made 
two unsuccessful attempts to sell the project, first to Tropical 
Metals Pty. Ltd. (Brisbane) and later to Hazelwood Resources 
(Planet Metals Ltd., 2011 a, b). 

Austria.—Wolfram Bergbau und Hiitten AG (owned by 
Sandvik AB, Sandviken, Sweden) operated the Mittersill 
scheelite mine and mill in the State of Salzburg, the Bergla 
tungsten processing plant, and a tungsten recycling unit near 
St. Martin in the State of Steiermark. 

Brazil.—Largo Resources Ltd. (Toronto, Ontario, Canada) 
completed a preliminary economic assessment on the Currais 
Novos project, which would reprocess tailings generated 
by past production from the Barra Verde and Boca de Laje 
tungsten-molybdenum mines west-southwest of Natal, Rio 
Grande do Norte State. Largo was considering a 4-year 
operation, which would produce scheelite concentrate 
containing 62,000 metric ton units per year (approximately 
500 t/yr of tungsten). The company planned to build the plant 
and begin producing concentrate in 2011 and had a preliminary 
agreement to sell the concentrate to GTP (Salari and others, 
2011, p. 79-83). 

Canada.—1n October, North American Tungsten Corp. 

Ltd. (Vancouver) restarted operations at its Cantung Mine in 

the Northwest Territories. The mine had been placed on care- 
and-maintenance status in October 2009 in response to weak 
demand, low tungsten prices, and increasing inventories of 
tungsten concentrates and primary materials. Concentrate 
production during the restart was significantly below target 
levels, owing to a shortfall in the quantity of ore mined resulting 
from development delays and a shortage of underground 
equipment. In 2010, the company produced 420 t (53,000 metric 
ton units) of tungsten in scheelite concentrates, of which 334 t 
(42,100 metric ton units) was in gravity concentrate and 86 t 
(10,800 metric ton units) was in flotation concentrates. North 
American Tungsten continued to evaluate the development of 
its Mactung scheelite deposit in the Yukon. The company was 
considering an open pit mine in addition to the underground 
mine proposed in a 2009 feasibility study (North American 
Tungsten Corp. Ltd., 2011, p. 3-4). 

Geodex Minerals Ltd. (Vancouver, British Columbia) formed 
a joint venture with Northcliff Exploration Ltd. (Vancouver. 
British Columbia) to develop the Sisson tungsten-molybdenum 
project in New Brunswick. Northcliff would acquire a 7094 
interest in the project by funding a feasibility study and 
beginning mine construction. A 2009 Scoping study on the 
project proposed the development of an open pit mine and 
beneficiation plant to produce concentrates containing 470,000 
metric ton units per year (approximately 3,700 Uyr of tungsten) 
and 1,600 t/yr of molybdenum for a period of 20 years (Geodex 
Minerals Ltd., 2011, p. 3, 15, 18). | 

H.C. Starck GmbH (Goslar, Germany) received an Advanced 
Manufacturing Investment Strategy loan from the Ontario 


Pr ovincial government to expand the company's tungsten 

plant in Sarnia, Ontario. The company had approval from 

the Ontario Ministry of the Environment for a manufacturing 
facility with a capacity to produce 4,500 t/yr of metal powder, 
including tungsten metal, tungsten carbide, and cast tungsten 
carbide powders, but suspended the expansion in 2009 owing to 
global economic conditions. H.C. Starck planned to transfer its 
expertise and manufacturing of high-tech powders for oil and 
gas drilling bits to Sarnia and complete the expansion project in 
2010 (Ontario Ministry of the Environment, 2009; H.C. Starck 
GmbH, 2010). 

China.—China’s Government had a program to conserve 
its tungsten resources and to try to stabilize tungsten prices. In 
the mining sector, the Government regulated the production 
of tungsten concentrates by forbidding foreign investment in 
tungsten exploration and mining; closing mines that did not 
meet certain energy, environmental, production, and safety 
standards; imposing a resource tax on tungsten ores; not issuing 
new exploration and mining licenses; and setting production 
quotas. For 2010, the tungsten concentrate production quota 
was increased by 1796 to 80,000 t (65% WO,). Concentrates 
recovered from tailings were 17% of the quota, and combined 
production from mining and tailings recycling was to be 
distributed by province or autonomous region as follows: 
Jiangxi (4496), Hunan (25%), Henan (6%), Yunnan (5%), | 
Guangdong and Guangxi (4% each), Fujian and Inner Mongolia 
(396 each), Anhui and Gansu (2% each), Heilongjiang (1%), 
Zhejiang (0.4%), Hubei and Xinjiang (0.3% each), and Hainan, 
Shaanxi, and Qinghai (0.2% each). Local entities, such as 
the Ganzhou City Government (Jiangxi Province) and the 
Ganzhou Tungsten Industry Association (GTIA), also regulated 
the production and marketing of tungsten, including GTIA's 
monthly recommended prices for tungsten concentrates, 

APT, and metal powder. In 2010, the Government reportedly 
considered tying the resource tax on tungsten ores to the 
tungsten price (Huang, 2008; Ganzhou Government Online, 
2009; Huang, 2009; Asian Metal, 2010; China Metal Market— 
Precious & Minor Metals Monthly, 20102, b; Fang, 2011, 

p. 4, 44, 48; Fang Jiyun, deputy general manager, Tungsten 
Department, China Minmetals Non-ferrous Metals Co., Ltd., 
written commun., October 9, 2011). 

In the processing sector, the Government encouraged 
the recovery of tungsten from low-grade ores, mixed 
scheelite-wolframite concentrates, and scrap; banned tolling of 
tungsten concentrate; limited foreign investment in processing 
plants; and maintained requirements to limit the building or 
expansion of plants. These requirements included minimum 
capacities, the ability to secure reliable supplies of raw 
materials, the use of the company's own funds for 50% or 
more of the investment, and meeting environmental, energy, 
production, and safety standards (China Metal Market— 
Precious & Minor Metals Monthly, 2006; Fu, 2007; Zhang, 
2007; Huang, 2008; Huang, 2009). 

With respect to trade, the Government regulated tungsten 
exports by restricting the volumes and types of materials and 
products that could be sent out of the country, limiting the 
number of producers and traders authorized to export tungsten 
materials and products, and adjusting the export tax system. 
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Before 2010, two departments in the Ministry of Commerce 
issued export licenses—one for foreign trade and the other 
for foreign investment. The quota for foreign investment was 
typically 1,700 t/yr to 1,900 t/yr, and was not included in the 
quotas reported by trade journals prior to 2010. Beginning in 
2010, all licenses were issued by one department and included 
the amounts for foreign investment. The 2010 export quota 
for tungsten materials was 16,000 t of contained tungsten, 
down from 16,300 t in 2009. To qualify for an export license, 
companies were required to have minimum production 
capacities and recycling rates. In mid-July, the Chinese 
Government canceled export tax rebates for certain materials 
including tungsten articles (Куап 5 Notes, 2007, 20108; Huang, 
2009; Fang, 2011, p. 24, 44, 46). 

In spite of its position as the world's leading miner of 
tungsten, China has imported tungsten concentrates in 
recent years. In 2010, China imported 3,160 t of tungsten in 
concentrates, 33% less than it imported in 2009. The decrease n 
imports was attributed to a buildup of stocks during 2009, which 
were drawn down during 2010. In addition, China planned to 
add tungsten to its strategic stockpile (People’s Daily Online, 
2010; Ryan’s Notes, 2010b; Fang, 2011, p. 31). 

Congo (Kinshasa).—The President of Congo (Kinshasa) 
temporarily banned all artisanal mining in the eastern provinces 
of Maniema, Nord-Kivu, and Sud-Kivu. The ban, which wasin 
effect for about 1 month, was intended to restrict illegal mining 
and trade in minerals that provided funding to rebel groups 
(Metal-Pages, 2010a). 

Japan.—The Ministry of Economy, Trade and Industry | 
(METI) planned to reduce Japan's dependence on China for Its 
supply of tungsten raw materials. METI’s strategy comprised 
providing assistance to develop new mine production in other 
countries, increasing recycling rates, promoting research to 
reduce consumption by increasing the life of tungsten products 
or developing substitutes, and making improvements 10 the 
stockpiling program (Japan Oil, Gas and Metals National Сор, 
2011, р. 1-2). 

Korea, Republic о; —Тһе South Korean Government 
reportedly planned to invest in developing the country 5 
rare-metals production industry and to secure а strategic i 
stockpile of various metals, including tungsten, by 2016. estis 
program was to include assistance with exploration. ии 
with countries having metal resources, and the developme 
metal processing technologies (Young-aah, 2010). ТАЯ 

Woulfe Mining Corp. (Vancouver, British Colum pe" 
commissioned Wardrop Engineering Inc. 10 ae у га p 
study on reopening the Sangdong tungsten mo при 
approximately 170 kilometers southeast of Seou! 1 
Province. The Sangdong Mine operated for m cant product? 
before its closure in 1992 and had been à signi 1 25-millior- 
tungsten. The feasibility study was to evaluate a operation, 
metric-ton-per-year (Mt/yr) underground nd bdenum 
a beneficiation plant to produce tungsten and A 4 Е 
concentrates, and an onsite processing plant e year of APT 
capacity to produce 400,000 metric ton units p The study 

| > ed tungsten). ^^ 
(approximately 3,200 t/yr of contain bling the mine capacity 
would also consider the potential for dou н E d toa 
to 2.5 Mt/yr of ore. Late in the year, Woulfe 


r more than 50 years 
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ed heads of agreement with Korea Zinc Co. Ltd. to help finance 
: iris. the project, which it hoped to have in commercial production by 
э 2013 (Woulfe Mining Corp., 2011, p. 2—5). 
_. "l Реги, Іп the Ancash region, Malaga Inc. (Montreal, Quebec, 
mdi Canada) produced tungsten concentrate from the Pasto Bueno 
к mine and mill; the concentrate was sold to U.S. tungsten 
^ Te processor GTP under an offtake agreement. During the year, 
b w Malaga doubled its mill capacity to 500 metric tons per day (t/d) 
x tay of ore, which was equivalent to concentrate production of more 
ШШ than 100,000 metric ton units per year (approximately 800 t/yr 
Wd of tungsten). The company began an extensive exploration and 
ba ire development program to increase mine capacity to 500 t/d, and 
МЕТ) planned an additional increase in mill capacity to 600 t/d by 
yearend 2011 (Malaga Inc., 2011a, р. 9-10; b, p. 9, 13). 
из Portugal,—Sojitz Beralt Tin and Wolfram (Portugal) S.A. 
tw (Barroca Grande) produced wolframite concentrates from the 
10 Panasqueira Mine and beneficiation plant in central Portugal. 
tia Киѕѕіа. —10 2010, Russian production of tungsten 
fiit concentrates and intermediates (APT, tungsten anhydride, 
lii and tungsten oxide) and consumption of scrap and primary 
(МЕ? tungsten products (chemicals, ferrotungsten, and metal powders) 
ШІ. increased from the low levels seen in 2009. Five companies 
сї mined tungsten and produced concentrates. The companies, with 
yim the locations of their operations and listed in order of their share 
ји Of 2010 production, were as follows: JSC A&IR Mining, which 
ips: produced concentrates from ores mined by Primorsky GOK in 
iri Primorskiy Kray; Russkaya Gornorudnaya Kompaniya (RGRK, 
the Russian Ore Mining Company) managed JSC Novoorlovsky 
тін! GOK in Zabaykal’sk Kray; prospectors’ cooperative Artel 
дині Quartz Ltd. (Kvarz) in Zabaykal’sk Kray; Wolfram Company 
ж CISC, which owned CJSC Buryat Wolfram in Zakamensk, 
КТ. Buryatiya Republic; and KGUP Primteploenergo, which won 
pis the exploration and mining license for the Lermontov Mine 
"E Primorskiy Kray. In addition, OOO Sibinvest (Tomsk) 
, Teportedly planned to begin mining and processing ores from 
‚ the Kalgutinskiy wolframite-molybdenite deposit in the Altay 

Republic (Metal-Pages, 2010b; Gorbachev, 2011, p. 6-8, 18). 

"m Wolfram Company (Moscow) Hydrometallurg plant at 

v Nalchik, Kabardino-Balkariya Republic, and Kirovgradskiy 

j Zavod Tverdykh Splavov OAO's Kirovgrad Hard Alloys plant 

· In Sverdlovsk Oblast produced APT, tungsten anhydride, 

and tungsten oxide. Russian production of these materials 

jl Increased from the low levels produced in 2009. In addition to 
concentrates, Russian supply included about 450 t of tungsten 

, Scrap іп 2010 (Gorbachev, 2011, p. 9, 11-16). 

¢ Wolfram also completed the first phase of a refractory 

d metals plant in Unecha, Bryansk Oblast, which was expected 
to produce tungsten metal powders as its main product. 

The company planned to gain full control of the Tyrnyauz 

у tungsten-molybdenum mining complex by purchasing the share 

, held by the Kabardino-Balkariya Republic (Wolfram Company 

CISC, undated a, b). 

Rwanda.—In recent years, wolframite has been mined by 
Privately owned companies, cooperatives, unlicensed artisanal 
miners, and the Government of Rwanda, listed in order of share 
of production volume (Transafrika Resources Ltd., 2010). 

Spain.—Heemskirk Consolidated Ltd. (Melbourne, Australia) 
completed a project to increase mill throughput and tungsten 
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recovery at the Los Santos tungsten mine in Salamanca 
Province. The company aimed to increase its annual output to 
between 90,000 metric ton units and 100,000 metric ton units 
(between 714 t/yr of tungsten and 793 t/yr of tungsten). All of 
the scheelite concentrate produced through 2013 was committed 
to GTP under a 6-year offtake agreement. In December, 
Heemskirk announced that it had signed a letter of intent to sell 
the Los Santos operation to New York-based private equity firm 
Almonty Partners LLC (Heemskirk Consolidated Ltd., 20102, 
p. 4—5, 58; b, p. 14). 

Ormonde Mining plc (Dublin, Ireland) studied the 
feasibility of developing its Barruecopardo tungsten project 
in Salamanca Province and began the permitting process for 
a mining operation. Barruecopardo was the leading tungsten 
mine in Spain until its closure in the early 1980s. Ormonde 
was considering an open pit mine and beneficiation plant that 
would use gravity and flotation methods to produce scheelite 
concentrates containing 130,000 metric ton units per year 
(approximately 1,000 t/yr of tungsten). After the first 10 years 
of operation, mining would be moved underground. Ormonde 
hoped to begin production from Barruecopardo in late 2012 
(Ormonde Mining pic, 2011, p. 4-6). 

Sweden.—Sandvik AB (Sandviken), a global tool, material, 
and machinery manufacturer, worked to increase the use 
of secondary raw materials (scrap) to make its products. In 
2010, nearly 60% of the tungsten used by the Sandvik Tooling 
business area, excluding Wolfram Bergbau, was derived from 
recycling cemented carbide products. The Sandvik Mining and 
Construction business area collected about 10% of its annual 
production of rock-drilling tools for recycling, which generated 
80 t of tungsten-bearing powder (Sandvik AB, 2011 ‚р. 103). 

United Kingdom.—Wolf Minerals Ltd. (Subiaco, Australia) 
continued to study the feasibility of redeveloping the Hemerdon 
tungsten and tin mine northeast of Plymouth. The open pit mine 
and milling operation was expected to produce approximately 
360,000 metric ton units per year (2,850 t/yr of tungsten) in 
wolframite concentrate and 500 t/yr of tin in concentrate for 
12 years beginning in 2013. In early 2011, the Devon County 
Council and United Kingdom Secretary of State granted 
updated planning permission for mining at the project, and Wolf 
Minerals entered into a 6-year formal agreement with Traxys 
Europe S.A. to market offtake agreements for and deliver all of 
the tungsten concentrates produced (Wolf Minerals Ltd., 
2011a, b). 

Vietnam.— Vietnam Youngsun Tungsten Industry Co., Ltd. 
produced ferrotungsten in Halong City, Quang Ninh Province 
Most of the production was from scheelite and wolframite ores 
purchased from Thienke Mine in Tuyen Quang Province and 
Philieng Mine in Lam Dong Province. The ferrotungsten was 
produced for export to Europe, Japan, the Republic of Korea 
and the United States (Vietnam Youngsun Tungsten Industry 
Co., Ltd., 2009a, b). 

Hazelwood Resources acquired a 60% interest in Asia 
Tungsten Products and established a joint venture for the 
construction and operation of a ferrotungsten plant in the Vihn 
Bao district near the port of Haiphong. The plant would 
ferrotungsten containing 8096 tun san 

gsten and was to be built in 
two stages. Stage 1, with the capacity to produce 2,400 t/yr of 
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tungsten contained in ferrotungsten, was under construction and 
would be in production in 2011. Stage II, which would require 
additional permitting and approvals, would double the capacity. 
Feedstock for the plant initially would be purchased, and then 
later supplemented with concentrates from Hazelwood's Big 
Hill Mine in Australia. The plant was also licensed to produce 
sodium tungstate (Hazelwood Resources Ltd., 2010, p. 1, 5, 11). 
Masan Group Corp. (Ho Chi Minh City) acquired control of 
Nui Phao Mining Joint Venture Company Ltd. from Tiberon 
Minerals Pte. Ltd., a company owned by Dragon Capital 
Group. By early 2011, Masan had 100% ownership of the Nui 
Phao project in Thai Nguyen Province. The project comprised 
an open pit mine and mill to produce tungsten, copper, and 
fluorspar concentrates and bismuth cement for more than 16 
years. Masan forecast tungsten output during the first 5 years of 
full production to average 5,300 t/yr of contained tungsten and 
was considering the inclusion of a plant to produce APT. The 
company obtained an updated investment certificate and new 
mining license, completed more than 80% of the compensation 
and resettlement for land required for construction, and 
completed the first round of financing for the project. The 
company planned to begin production in 2013 (Heaton, 2011, 
p. 7-8, 33-35; Masan Group Corp., 2011). 


Outlook 


World tungsten supply will continue to be dominated 
by Chinese production and exports. The Chinese tungsten 
concentrate production quota for 2011 was increased by 976 
to 87,000 t (65% WO,). Export licenses for 2011 were limited 
to 15,700 t of all tungsten products, a decrease of 276 from the 
quota of 16,000 t in 2010 (Fang, 2011, p. 4, 24). 

Tungsten use is strongly influenced by general economic 
conditions. Future consumption of tungsten in cemented 
carbides, which is the leading end-use sector, will depend on the 
performance of the following industries: automotive and aircraft 
production; construction; electronics manufacturing, where 
cemented carbide microdrills are used on circuit boards; general 
manufacturing; large equipment manufacturing; mining; and oil 
and gas drilling. Tungsten use is also influenced by Government 
spending for defense applications. During the first half of 2011, 
tight supplies of tungsten concentrates in China, combined with 
strong demand, resulted in significant increases in the prices 
of tungsten concentrates and downstream products such as 
ferrotungsten and APT (Ryan's Notes, 2011). 
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TABLE 1 
SALIENT TUNGSTEN STATISTICS! 


(Metric tons of tungsten content and dollars per metric ton unit) 


2006 2007 2008 
United States: 299 = 
Concentrates: 
Uus 302. > ee 2—— € 22-442: Mq 5 
Consumption W W W W 4.840 
ports for consumption 2,290 3,880 3,990 | 
NI iot oco ——R— —Á— M — ÁN — ыю 
Stocks, December 31: 2 ы 
Consumer W W W W W 
2 
U.S. Government 22,900 21,200 19,700 19,000 17,000 
Price: | 
U.S. spot quotation" 200 189 184 151 183 
4 
European 166 165 164 150 150 
Ammonium paratungstate: 
Production W W W W W 
Consumption? 11,300 12,000 9,700 6,860 10,300 
Stocks, December 31, producer and consumer W 68 W 100 6 
Price: 
Primary products: 
Net production’ 8,050 8,360 8,950 5,300 8,310 
Consumption" 12,400 ' 11,400 ' 12,100 ' 7,460 ' 10,900 
Stocks, December 31: 


_ Stoks December 31: (| 
235 183 171 m 


U.S. Government 266 
World, production of concentrate 56,600! 53,500" 62,300" 61,000 ' 68,800 ° 
*Estimated. ‘Revised. W Withheld to avoid disclosing company proprietary data. -- Zero. 
!Data are rounded to no more than three significant digits. 
mmitted for sale 


?Defense Logistics Agency, DLA Strategic Materials (formerly Defense National Stockpile Center). Data for 2006 include material co 
pending shipment; data for 2007-10 are uncommitted material only. 

? Annual average calculated from weekly prices reported by Platts Metals Week. 

^ Annual average calculated from semiweekly prices reported by Metal Bulletin. 
*Reported by tungsten processors. 

$ Annual average calculated from annual average high and low prices reported by Metal B 
Metal Bulletin for 2007—10. 

"Includes only tungsten metal powder and tungsten carbide powder. 

8Includes ammonium paratungstate and other tungsten chemicals, ferrotungsten, tungsten metal powder, 


ulletin for 2006 and from semiweekly prices reported by 


gsten scrap. 


tungsten carbide powder, and tun 


?Data exclude cast and crystalline tungsten carbide powder and chemicals. 
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TABLE 2 
U.S. GOVERNMENT NATIONAL DEFENSE STOCKPILE TUNGSTEN STATISTICS IN 2010"? 


(Metric tons of tungsten content) 


Sie Inventory, yearend? Annual Sales Inventory decrease“ 
Fiscal Calendar Materials Fiscal Calendar Fiscal | Calendar 
Material year’ year Plan year year year year 
ry Ores and concentrates 17,000 17,000 3630 2,670 2,060 2,670 2,060 
RN Tungsten metal powder 171 Bv 136 е = 1 (6) 
EM Total 17,200 17,200 3,760 2,670 2,060 2,670 2,060 
B -- Zero. 
| 'Data are rounded to no more than three significant digits; may not add to totals shown. 
ы "Includes stockpile- and nonstockpile-grade materials. 
LM *Uncommitted inventory only. Does not include material committed for sale pending shipment. 
7 *From previous year. Based solely on uncommitted yearend inventories. 
= ?Twelve-month period ending September 30, 2010. 
LUN SLess than М unit. 
a Source: Defense Logistics Agency, DLA Strategic Materials (formerly Defense National Stockpile Center). 
Ш 
у 
Б 
шы 
> TABLE 3 
PS U.S. NET PRODUCTION AND STOCKS OF TUNGSTEN PRODUCTS" 23 
P (Metric tons of tungsten content) 
1 Tungsten Tungsten 
№ metal powder ^ carbide powder Total 
Net production: 
2009 2,880 2,420 5,300 
p 2010 4,100 4210 8,310 
Producer stocks: 
December 31, 2009 379 304 682 
. December 31, 2010 341 328 669 
! Net production equals receipts plus gross production less quantity used to 
make other products in table. 
1% ?Data are rounded to no more than three significant digits; may not add to totals 
shown. 
Зада for cast and crystalline tungsten carbide powder and tungsten chemicals 
Ж аге withheld to avoid disclosing company proprietary data; not included іп 
“Total.” 
TUNGSTEN—2010 
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TABLE 4 
U.S. PROCESSORS OF TUNGSTEN IN 2010! 


Company Plant location 

ATI Alldyne? Huntsville, AL. 
Buffalo Tungsten Inc. Depew, NY. 
Chem-Met Co., The Clinton, MD. 
Elmet Technologies, Inc. Lewiston, ME. 
General Electric Co. Euclid, OH. 
Global Tungsten & Powders Corp. Towanda, PA. 
Kennametal Inc. Fallon, NV. 

Do. Latrobe, PA. 
Tungsten Diversified Industries LLC White Bear Lake, MN." 


Do. Ditto. 


‘Consumers of ammonium paratungstate, tungsten-bearing scrap, 
tungsten concentrates, and (or) tungsten oxides. 


Ап Allegheny Technologies шс. company. 
ЗА division of Plansee Group; formerly owned by Osram Sylvania Inc. 


“Joint venture of North American Tungsten Corp. Ltd., Tundra Particle 
Technologies LLC, and Queenwood Capital Partners LLC. 


?Pilot-scale operation. 


TABLE 5 
U.S. REPORTED CONSUMPTION AND STOCKS OF TUNGSTEN PRODUCTS ?? 


(Metric tons of tungsten content) 


2009 2010 

Consumption by end use: 
Steels 244 71 
Superalloys 386° W 
Other alloys" W W 
Cemented carbides” 4,070 5,990 
Mill products made from metal powder ед W W 
Chemical uses 84 99 
Total 7,460 ' 10,900 

Consumption by form: 

Ferrotungsten 246 129 
Tungsten metal powder 2,610" W 
-Tungsten carbide powder о 3,980 5,890 
-Tungsten serap Н 535 У 
84 99 


Other tungsten materials’ TREE лз м" 
Total 7,460 ' 10,900 
о ОЦИ EAT 


Consumer stocks, December 31: 


Ferrotungsten 207 23 
Tungsten metal powder 39° 58 
Tungsten carbide powder 387 414 
Tungsten scrap‘ 49 ' е 
Other tungsten materials’ = | x 


Total 
"Revised. W Withheld to avoid disclosing company proprietary data; included in “Total.” 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
?Does not include materials used in making primary tungsten products. 
*Includes estimates. | 
^Includes welding and hard-facing rods and materials, wear- and corrosion-resist 
nonferrous alloys. 

‘Includes diamond tool matrices, cemented and sintered carbides, and ca 
“Includes tungsten bars. 
"Includes tungsten chemicals. U.S. GEOLOG 


ant alloys, and 


st carbide dies ог parts. 
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TABLE 6 
U.S. EXPORTS OF TUNGSTEN ORES AND CONCENTRATES, BY COUNTRY! 


a CR 

____ ош ба SS 

Tungsten Tungsten 

Gross weight content? Value Gross weight content Value 
Country of destination (metric tons) (metric tons) (thousands) (metric tons)  (metrictons) (thousands) 
Australia —8 у у зу —-—  -  _ 
Brazil 2 | 38 (3) (3) $5 
Canada G) (3) 4 (3) (3) 5 
Chile -- => zs 2 1 25 
Смпа 14 7 219 = & zs 
Colombia -- —- E" 1 (3) 10 
Egypt 4 2 59 - ЖЕ Е 
Сегтапу 1 (3) 15 487 251 5,570 
Guyana - -- -- (3) (3) 5 
India - - -- 11 5 116 
Ireland 1 | 18 -- E == 
[6гае] 1 (з) 10 = - ки 
Italy (3) (3) 8 = ET E 
Korea, Republic of (3) (3) 6 -- -- zs 
Malaysia 8 4 168 9 5 254 
Mexico -- -- -- 2 1 26 
Реги -- -- -- 2 1 96 
Singapore -- -- -- 1 (3) 23 
ӛргіп 18 9 176 -- -- -- 
United Arab Emirates -- -- -- 3 2 28 
United Kingdom (3) | (з) 10 4 2 60 
Vietnam 24 12 340 15 7 225 

Total 73 38 1,080 535 276 6,440 

-- Zero. 


Data are rounded to no more than three significant digits; may not add to totals shown. 
^Content estimated from reported gross weight. 


3Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 7 
U.S. EXPORTS OF AMMONIUM PARATUNGSTATE, BY COUNTRY! 


2009 2010 
Quantity, Quantity, 
tungsten tungsten 
content Value content Value 
Country of destination (metric tons) (thousands) (metric tons) (thousands) 
Austria 18 $361 6 $49 
Brazil -- -- 2 20 
Germany 350 5,560 432 7,750 
Hungary 2 28 44 581 
India | 10 26 230 
Italy 2 14 2 21 
Mexico 2 16 4 35 
Netherlands -- -- | 11 
Switzerland -- -- 20 137 
Taiwan 1 5 (2) 4 
United Kingdom -- -- (2) 4 
Total 375 5,990 538 8,840 
-- Zero. 


"Рака are rounded to no more than three significant digits; may not add to totals shown. 
"Less than У unit. 


Source: U.S. Census Bureau. 
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TABLE 8 
U.S. EXPORTS OF TUNGSTEN METAL POWDERS, BY COUNTRY"? 
OO ис 
Quantity Quantity 
Tungsten Tungsten 
Gross weight content” Value Gross weight content? Value 

Country of destination (metric tons) (metric tons) (thousands) (metric tons) (metric tons) (thousands) 
Agenim у у $80  — 3 24 si 
Australia 2 1 90 16 13 563 
Austria 4 3 140 25 20 771 
Belgium -- -- -- 8 6 193 
Brazil 14 11 797 19 15 1,160 
Сапада 76 61 3,140 111 88 4,820 
Chile 2 2 119 6 5 450 
China 23 19 1,720 3l 25 1,860 
Czech Republic (4) (4) 3 20 16 637 
Germany 155 124 9,010 558 446 17,600 
Hungary -- -- -- 5 4 117 
India 13 10 739 13 11 856 
Ireland 4 3 187 4 3 172 
Israel 3 2 268 1 1 124 
Japan 10 8 922 17 14 1,140 
Korea, Republic of 5 4 403 5 4 344 
Mexico 14 12 629 28 22 878 
Netherlands 25 20 765 43 34 94] 
Norway -- -- -- 1 1 33 
Отап | 1 47 1 1 82 
Реги 2 2 133 5 4 238 
Saudi Arabia (4) (4) 19 6 5 494 
Singapore 18 14 1,610 18 14 1,680 
South Africa 2 2 126 8 6 542 
Switzerland 2 2 187 9 8 868 
Taiwan 12 10 849 19 15 1,430 
Thailand (4) (4) 12 2 2 86 
Turkey 2 2 129 3 2 231 
United Arab Emirates 3 2 248 2 2 149 
United Kingdom 15 12 969 9 7 401 
Venezuela 1 l 71 8 6 376 
Other 41° 33! 2,180 ' 3 2 172 
Total 7722-4550 360 2550 1,000 809 39600 


'Revised. -- Zero. 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 


“Мау include tungsten alloy powders. 
*Content estimated from reported gross weight. 


‘Less than ^ unit. 


Source: U.S. Census Bureau. 


79. 
TUNGSTEN—2010 13 


79.14 


TABLE 9 
U.S. EXPORTS OF TUNGSTEN CARBIDE POWDER, BY COUNTRY! 


2009 2010 


Quantity, Quantity, 
tungsten content Value tungsten content Value 

Country of destination (metric tons) (thousands) (metric tons) (thousands) 
Argentina 3 $56 | $30 
Australia 18 404 15 379 
Austria 42 1,010 119 2,900 
Belgium 2 234 39 313 
Brazil 12 456 17 543 
Canada 62 2,930 124 5,380 
Chile (2) 17 1 44 
China 3 241 27 1,600 
Colombia 2 141 3 85 
Czech Republic (2) 7 14 422 
Denmark 1 50 3 106 
France 7 476 34 1,070 
Germany 125 6,080 235 9,290 
Hong Kong 2 181 15 606 
India 4 142 7 282 
Indonesia (2) 6 3 279 
Ireland 26 773 27 919 
Italy (2) 12 1 94 
Japan 8 253 13 894 
Korea, Republic of 3 160 5 274 
Mexico 2 130 8 585 
Peru | 68 5 305 
Poland 13 671" 1 41 
Saudi Arabia 2 50 47 547 
Singapore 9 380 6 369 
South Africa — 0 30 1,070 77 2,360 
Sweden | 96 15 495 
Switzerland — (2) 12 5 243 
Тама 32 1,180 61 2,440 
Thailand о | 61 | 162 
United Kingdom | 38 1.280 262 9,150 
Venezuela о 7 402 24 1,230 
Other 13° 614° 2 175 
и и M CM D о олако 


! 
Data are rounded to no more than three significant digits; may not add to totals shown. 
“Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 10 
U.S. EXPORTS OF MISCELLANEOUS TUNGSTEN-BEARING MATERIALS, BY COUNTRY! 


ТТТ ру  — 30 — 
Quantity, Quantity, 

tungsten content Value tungsten content Value | 

Product and country of destination (metric tons) (thousands) (metric tons) (thousands) 
Ferrotungsten and ferrosilicon tungsten: | 

Сапада 1 $24 (2) $3 

Mexico 1 26 -- -- 

United Kingdom (2) 4 (2) 8 

Total 1 55 (2) 11 


Unwrought tungsten:* ^? 


Belgium -- -- 103 467 
о ваш | 5 34 13 59 
саайа о 56 467 162 1,070 
сша 24 100 8 32 
= Colomba = S B 4 17 
= Czech Republic > = 17 70 5 20 
ЕГІ ГЕНЕ 38 162 2 9 
© Gemany > о 16 73 9 47 
 Нипрау S 18 85 15 66 
Indonesia 2 7 19 84 
Israel l 3 T x 19 
Japan (2) 12 8 38 
Korea, Republic of -- -- 10 
Malaysia 5 22 2 15 
Mexico 6 25 44 191 
Netherlands - ше 12 176 
New Zealand Q) 6 3 15 
Singapore 14 69 12 62 
Switzerland -- -- | 5 
Taiwan 7 45 2 23 
Thailand | 3 1 3 
United Kingdom 27 113 11 47 
Other 42' 240" (2) 4 
Total 277 1,530 444 2,470 
Waste and scrap: 
Australia -- Е 7 58 
Belgium -- -- 2 66 
Brazil -- -- 11 378 
Canada 29 341 92 947 
China 181 3,290 132 2,860 
Colombia Q) 8 2 13 
Czech Republic -- -- 5 141 
Finland 61 1,500 306 3,800 
France -- -- 3 94 
Germany 190 3,080 218 4,340 
Hong Kong -- = І 9 
India 32 703 14 443 
Ireland -- -- 1 6 
Japan 19 159 11 93 
Mexico l 11 2 22 
Netherlands 17 141 27 497 
Singapore l 8 6 51 
Switzerland Q) 3 3 24 
Taiwan 31 558 8 69 


See footnotes at end of table. 
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TABLE 10—Continued 


U.S. EXPORTS OF MISCELLANEOUS TUNGSTEN-BEARING MATERIALS, BY COUNTRY! 


2009 2010 
Ae a a кыы nsu а. E 


Quantity, 


tungsten content Value 


Quantity, 


tungsten content Value 


Product and country of destination (metric tons) (thousands) (metric tons) (thousands) 
Waste and scrap—Continued:* 


United Kingdom 181 $1,570 55 $740 
Other 237' 2,060 ' Q) 3 
Total 981 13,400 915 14,700 
Wrought tungsten:^ ^$ 
Australia 6 1,170 9 1,470 
Belgium | 68 6 599 
------ — 
Brazil 6 597 7 808 
(C —— E 
Canada 24 2,540 37 4,190 
сес ee 
China 5 944 9 1,400 
АА 
Colombia 2 369 545 
Costa Rica (2) 54 5 715 
Czech Republic 16 2.240 27 3,450 
Germany 35 5.070 82 7,570 
----- LLL 
Hungary 3 579 5 948 
India 260 3 353 
Хы 
Indonesia 797 5 1,000 
——— Н 
Italy 2 45] 2 351 
eee 
Japan 25 5,640 25 4,110 
Sa E ш ылы л. 
Mexico 17 3,090 17 3,190 
д 
Netherlands 3 787 4 926 
Russia 2 232 2 l 
Singapore | 278 5 953 
Spain 3 473 6 802 
Sweden 7 1,860 9 2,240 
United Kingdom 19 3,440 9 3,200 
Other 16° 2.100 7 13 2,320 
— O 
Total 198 33,000 289 41,300 
Tungsten compounds:’ 
Canada 25 84 21 75 
France (2) 8 2 | 2. 
ee 
Germany i: = 117 , 
"NP NEG IM M RR : 
Malaysia ЕВ К: 1 31 
Other 42' 458 ' | BJ 
Тоа ЕА 142 1,610 


'Revised. -- Zero. 


| 
Data are rounded to no more than three significant di gits; may not add to totals shown. 


?Less than ^ unit. 
Мау include alloys. 


4 А 
Content estimated from reported gross weight. 


5 
Includes bars and rods produced simply by sintering; excludes powders and waste and scrap. 
"Includes bars and rods other than those produced simply by sintering; profiles, plates, sheets, strip, and foil; wire, 


and other wrought products. 


"Includes only other tungstates. 


Source: U.S, Census Bureau. 
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TABLE 11 
U.S. IMPORTS FOR CONSUMPTION OF TUNGSTEN ORES AND CONCENTRATES, 


BY COUNTRY! 
0 о 
Quantity, Quantity, 
tungsten content Value tungsten content Value 

Country of origin (metric tons) (thousands) (metric tons) (thousands) 
Bolivia 891 $16,800 939 $18,500 
Brazil 14 233 -- — 
Сапада 856 17,500 13 396 
Germany -- = (2) 44 
Guatemala 8 28 -- -- 
Кепуа 20 356 -- -- 
Mexico 22 191 13 92 
Mongolia 35 476 19 240 
Peru 427 9,160 519 12,500 
Portugal 756 18,100 635 15,900 
Rwanda 216 3,470 79 1,290 
Spain 196 4,250 215 5,510 
Thailand 115 1,830 90 1,690 
Uganda 12 245 94 1,810 
United Kingdom 18 275 36 554 
Vietnam -- -- 88 1,400 
Total 3,590 72,900 2,740 60,000 

-- Zero. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


2 ее than % unit. 


Source: U.S. Census Bureau. 


TABLE 12 
U.S. IMPORTS FOR CONSUMPTION OF AMMONIUM PARATUNGSTATE, BY COUNTRY! 
2009 2010 
Quantity, Quantity, 
tungsten content Value tungsten content Value 
Country of origin (metric tons) (thousands) (metric tons) (thousands) 

China 2,470 $51,000 2,410 $53,500 
Germany 47 1,020 55 1,700 
Hong Kong NEN -- -- 3 56 
United Kingdom Q) 11 (2) 13 
Vietnam 25 553 44 1,130 

Total 2,540 52,600 2,510 56,400 
-- Zero. | 


! Data аге rounded (о по more than three significant digits; may not add to totals shown. 


?Less than ^ unit. 


Source: U.S. Census Bureau. 
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TABLE 13 


U.S. IMPORTS FOR CONSUMPTION OF FERROTUNGSTEN AND 
FERROSILICON TUNGSTEN, BY COUNTRY! 


2009 
Quantity, 
tungsten content Value 

Country of origin (metric tons) (thousands) 
Australia -- -- 
China 23 $624 
France - -- 
Luxembourg -- - 
Netherlands -- -- 
Vietnam 23 641 

Total 46 1,260 
-- Zero. 


2010 
Quantity, 
tungsten content 
(metric tons) 


19 
357 


Value 
(thousands) 
$110 
9,320 
4 
535 
419 
634 
11,000 


! Data are rounded to no more than three significant digits; may not add to totals shown. 


"Less than '4 unit. 


Source: U.S. Census Bureau. 
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See footnotes at end of table. 


TABLE 14 
U.S. IMPORTS FOR CONSUMPTION OF MISCELLANEOUS TUNGSTEN-BEARING MATERIALS, 
BY COUNTRY! 
20 — — 2010 
Quantity, Quantity, 
tungsten content Value tungsten content Value 
Product and country of origin (metric tons) (thousands) (metric tons) (thousands) 
Tungsten metal powders? о 
Austria | $26 2 $66 
Canada 20 864 63 2,310 
China 133 4,320 249 8,390 
Germany 255 9,720 214 8,500 
Israel 211 9,140 39] 13,700 
Japan 27 1,220 49 3,370 
Korea, Republic of 187 6,960 374 13,500 
Spain (3) 44 2 129 
Other 3t 126 * 1 54 
Total 837 32,400 1,340 50,000 
Tungsten carbide powder: 
Austria 6 114 14 483 
Belgium 5 304 44 2,010 
Canada 26 1,250 116 5,920 
China 536 16,500 961 34,100 
Czech Republic 23 904 49 _ 2,540 
Егапсе 4 351 5 353 
Germany 54 4,270 127 8,040 
Hong Kong 8 183 16 595 
India 3 85 3 148 
Israel 43 1,680 156 5,600 
Korea, Republic of 12 494 17 707 
Luxembourg -- -- 5 226 
Singapore -- -- 5 77 
Sweden 32 1,130 42 1,360 
Vietnam -- -- 47 2,120 
Other 1 77 | 262 
Total 753 27,400 1,610 64,500 
Unwrought tungsten:^ ^? 
Australia e 2s 3 48 
China 475 12,000 310 9,170 
Germany 3 229 2 210 
Singapore 14 459 17 724 
Other (3) 71! 4 234 
Total 492 12,800 335 10,400 
Waste and scrap: 
Austria 69 937 120 860 
Brazil -- -- 3 39 
Сапада 14 194 20 485 
Chile | 16 12 286 
China 252 6,250 142 4,020 
Czech Republic 4 84 29 629 
Germany 215 3,110 170 2,930 
Hong Kong 9 197 37 1,010 
India 8 47 47 974 
Japan 19 377 32 702 
Korea, Republic of 65 609 120 1,510 
Luxembourg BS B 318 4,970 
Mexico 74 757 134 1,480 
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TABLE 14—Continued 
U.S. IMPORTS FOR CONSUMPTION OF MISCELLANEOUS TUNGSTEN-BEARING MATERIALS, 


BY COUNTRY! 
2009 2010 
Quantity, Quantity, 
tungsten content Value tungsten content Value 
Product and country of origin (metric tons) (thousands) (metric tons) (thousands) 
Waste and scrap—Continued: —À—M _ (тено tons) (thousands) 
эви NE MES 2 $70 4 $164 
_Singapore ^ — —— (3) 3 19 438 
Switzerland - Е 54 735 
Taiwan 7 40 43 951 
Thailand = ~~~ g 97 60 946 
_ United Kingdom ^ ^ — — — 56 937 35 805 
Othe SS 73! 946 ' 2 4 
NEC NM CE 879 14,700 1,450 24,800 
Wrought tungsten: + 6 
Austria 29 4,670 61 11,100 
ETT UC I— 7 967 7 948 
China 364 15,500 568 24,100 
_ Czech Republic. 8 °— 6,050 5 3,370 
Fane  ——— 6 1,260 3 662 
_Gemany 2 5 938 9 1,550 
HongKong ^ ——— ——- 4 308 5 424 
ая 3 648 8 1,550 
си 16 4,090 2i 6,190 
Ме 2 218 2 146 
_Netherlands ~~~ 4 842 3 419 
Basa O о о о отыныш” 1 73 10 1,140 
_ South Africa ~~~ 3 81 43 1,050 
EU I— — | 480 4 1,110 
"бее о ына 10 ' 1,390 ' 8 2,030 
Bc MR M E 462 37,500 759 55,900 
Tungsten oxides: C — ee 
Е ана 329 8,170 1,090 25,100 
_ Czech Republic. — —— —————— Ш Қ 12 487 
__бетапу ~~~ 5 167 8 263 
_HongKog ~ N с 32 782 
ве » M 5 106 
EC MERE ME = M l6 420 
ат 5 85 48 1,560 
СОН тн 42° 1,070 € (3) 19 
Other tungstates: СЇ ЁЌЕЁЕ_—____—_— 
China 1 30 41 1,050 
India MOM DEC 4 112 8 216 
_ Other id EE 7 г 190 ' 1 187 
ON eee ен пије нове ние ган) 


Other tungsten compounds:' 


China 2 _ | P 
Gemay — 3 159 | б) - 
р РЕ йлн нн NE MN E 


= с... ... 
Total 5 550 
5 M 


‘Revised, -- Zero, 

'Data are rounded to no more than three significant digits; may not add to totals shown. 
*May include alloys, 

"Less than М unit. 
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TABLE 14—Continued 


A U.S. IMPORTS FOR CONSUMPTION OF MISCELLANEOUS TUNGSTEN-BEARING MATERIALS, 
BY COUNTRY! 
310 2 
ti Content estimated from reported gross weight. 
Л ja "Includes bars and rods produced simply by sintering; excludes powders and waste and scrap. 
ШІ бұ “Includes bars and rods other than those produced simply by sintering; foil, plates, profiles, sheets, and strip; wire; and 
other wrought products. 
! | "Includes tungsten chlorides. 
E 
4 Source: U.S. Census Bureau. 
5 : 
8. 
N oes 
E TABLE 15 
ЕЕ TUNGSTEN: WORLD CONCENTRATE PRODUCTION, BY COUNTRY"? 
| (Metric tons, tungsten content) 
| " Country? 2006 2007 2008 2009 2010* 
Ооу Australia 15 7 28 33 16 
: Austria 1,153 1,117 1,122 887! 1,000 
: Bolivia 868 1,107 1,148 1,023 1,204 ^ 
2 Brazil 525 537 408 208 °° 500 
Б Burma? 197 183 136 87 90 
М Burundi 238 144 194 150 ^* 170 
: Canada 1,983 2,305 2,277 1,964 420 * 
^ China” 9 45,000 41,000 50,000 51,000 59,000 
d Congo (Kinshasa) ' 500 560 ' 370 ' 360 ' 360 
i Korea, North** 930 230 270 100 110 
í Mongolia 182 245 142 39 20 
E: Peru 50 366 456 502 571 * 
= Portugal 780 846 1,238 ' 1,037 ' 1,200 
jh Russia* 2,800 3,400 ' 3,000 2,300 ' 2,800 
р Rwanda 1,000 ' 920 ' 670 ' 450 ' 440 
: Spain* = = 150 200 ' 250 
И Thailand" 303 477 617 600 600 
| Uganda 15 86 50 * 20 * 25 
t United States -- W W W W 
$ Total 56,600 ' 53,500” 62,300 ' 61,000 * 68,800 
! "Estimated. "Revised. W Withheld to avoid disclosing company proprietary data. -- Zero. 
і ' World totals and estimated data are rounded to no тоге than three significant digits; may not add to totals shown. 
"Table includes data available through May 22, 2011. | 
| "Tungsten concentrates are thought to be produced in Mexico, Nigeria, Turkey, and Vietnam, and may be produced Hom tin-tungsten 
| ores in Kyrgyzstan, but information is inadequate to make reliable estimates of production. Illegal tungsten (wolfram) RUE in the 
| Phuoc Trung Commune of the Bac Ai District, Ninh Thuan Province in Southern Vietnam reportedly was halted by the District 
People's Committee in April 2008. 
"Reported figure. PE . 
"Includes tungsten content of tin-tungsten concentrate produced by state-owned mining enterprises under the Ministry of Mines. 
"Based upon data published in the Yearbook of Nonferrous Metals Industry of China. 
"Production estimated based on reported exports from Nord-Kivu and Sud-Kivu Provinces. 
*Production estimated based on Chinese imports. 
“аға for 2007-10 based on production reported by Malaga Inc. 
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VANADIUM 
By Désirée E. Polyak 


Domestic survey data and tables were prepared by Glenn W. Walker, statistical assistant, and the world production tables 


were prepared by Lisa D. Miller, international data coordinator. 


In 2010, reported vanadium consumption in the United States 
was 5,000 metric tons (t) of contained vanadium, a 7% increase 
from that of 2009 (table 1). The United States exported 611 t of 
ferrovanadium (FeV), 140 t of vanadium pentoxide (У,О,), and 
1,098 t of other oxides and hydroxides of vanadium collectively 
valued at $30.9 million. Total exports of these vanadium-bearing 
materials increased by 17% from those of 2009. The United 
States imported (measured in vanadium content) 1,340 t of FeV; 
3,998 t of V,O,; and 167 t of other oxides and hydroxides of 
vanadium collectively valued at $98.2 million. Total imports for 
consumption of these vanadium materials increased by 267% 
from those of 2009. 

Vanadium’s primary use is as a hardening agent in steel, 
in which it is critical in imparting toughness and wear 
resistance. These properties are especially important in 
high-strength low-alloy steels. Catalysts represented the leading 
nonmetallurgical use for vanadium. 

Secondary vanadium production from various industrial waste 
materials, such as vanadium-bearing fly ash, petroleum residues, 
pig iron slag, and spent catalysts, was the leading source of 
U.S. vanadium production. A small amount of vanadium 
was obtained as a coproduct from the mining of uraniferous 
sandstones on the Colorado Plateau. Fewer than 10 firms, 
primarily in Arkansas, Ohio, Pennsylvania, and Texas, processed 
waste materials to produce FeV, V.O,, and vanadium metal. 


Production 


The major vanadium commodities are aluminum-vanadium 
master alloys; FeV; vanadium-bearing ash, residues, and 
slag; vanadium chemicals; and V.O, and other oxides and 
hydroxides of vanadium. In 2010, companies in the United 
States produced all of these materials with the exception of 
vanadium-bearing slag from the manufacture of iron and steel. 
Vanadium-containing steels can be subdivided into microalloy 
or low-alloy steels that generally contain less than 0.15% 
vanadium and high-alloy steels that contain as much as 5% 
vanadium. 

Uranium production from carnotite ores creates a 
vanadium-bearing waste solution that must be neutralized 
to have the heavy metals fixed before waste disposal. An 
alternative treatment is a circuit which extracts vanadium 
and produces У,О,. Denison Mines Corp. (Toronto, Ontario, 
Canada) owns the White Mesa uranium processing mill near 
Blanding, UT. White Mesa processed feed from Denison's mine 
properties on the Colorado Plateau as well as uranium/vanadium 
ores purchased from independent miners. For every 0.45 
kilogram (kg) of triuranium octoxide concentrate (yellowcake) 
produced, White Mesa's vanadium coproduct recovery circuit 
produced approximately 1.8 kg of vanadium in the form of 
V,0,. After being idle for more than one-half of 2009, the 
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facility produced 1,060 t of V,O, in 2010. According to the 
company, 541,000 pounds (Ibs) (245 t) of V,O, was sold at an 
average price of $6.44 per Ib V,O, and 1,003,000 Ibs (455 t) of 
FeV at an average price of $13.40 per Ib (Denison Mines Corp., 
2011a, p. 5). Denison's vanadium production was projected 

to total approximately 770 t V,O, in 2011 (Denison Mines 
Corp., 2011b). The company anticipated, except for scheduled 
maintenance shutdowns, that it would continue processing 
conventional ore during most of 2011 (Denison Mines Corp., 
2011a, p. 11). 

American Vanadium Corp.'s 100%-owned, open pit, 
heap-leach Gibellini project in Eureka County, NV, was 
expected to begin a feasibility study based on its preliminary 
economic assessment, under which mine production was 
projected to average 6,350 tons per year (t/yr) of V.O.. 
According to the company, mine production could begin as 
early as the first quarter of 2013, which would make American 
Vanadium the only primary vanadium mine in the United States 
(American Vanadium Corp., 2011). 

Evraz Group S.A. (Moscow, Russia), an important vanadium 
producer, announced that its FeV production rose 68% in 
2010 to 13,507 t of contained vanadium compared with 8,029 
t of contained vanadium in 2009, following the acquisition 
of Vanady-Tula, a vanadium refinery in Russia in November 
2009. Production of oxides, vanadium alumina and vanadium 
chemicals increased by 3596 to 1,317 t compared with 976 t in 
2009 (Ryan's Notes, 2011). Evraz comprises Evraz Highveld 
Steel and Vanadium in South Africa, Nikom in the Czech 
Republic, Strategic Minerals Corp. (Stratcor Inc.) in the United 
States and South Africa, and Vanady-Tula in Russia. Stratcor 
operates a facility in Hot Springs, AR, where vanadium ash 
е m dn raw materials are converted into vanadium 
alloys and vanadium chemi i 
2 cals used by the chemical, steel, and 

AMG Vanadium Inc., formerly Мега гр Vanadium Со 
completed construction of a new $6 million Storage facili vi 
part of a long-term project to increase vanadium pu s 
capacıty at its Cambridge, OH, facility. The building met И 
standards for safe containment of spent refinery catalyst қ 
material used in the production of FeV, the ыр. E ins 
product offering. The building was linked to a 12. i M 
unloading and conveyor system, which Was expected to nh ке 
efficiency (AMG Vanadium Inc., 2010). к 

The Vanadium Technology Partnership estimated that 
approximately 2,700 t/yr of vanadium was recycled fro 
spent catalysts (Vanadium Technology Partnership чө d 
Vanadium's major end use was as an alloying-element in | ‘ 
steel, and titanium-bearing alloys, from which it is lost Е а 
and usually not recovered when those metals are be Sag 


Consumption 


The U.S. Geological Survey (USGS) derived vanadium 
consumption data from a voluntary survey of domestic 
consuming companies. For this survey, more than 80 companies 
were canvassed on a monthly or annual basis. Based on USGS 
data, reported domestic vanadium consumption in 2010 was 
5,000 t, a 7% increase from that of 2009. 

Metallurgical applications continued to dominate U.S. 
vanadium use in 2010, accounting for 9596 of reported 
consumption. Nonmetallurgical applications included catalysts, 
ceramics, electronics, and vanadium chemicals. The dominant 
nonmetallurgical use was in catalysts. 

Most vanadium is consumed in the form of FeV, which is 
used as a means of introducing vanadium into steel, in which 
it provides additional strength and toughness. FeV is available 
as alloys containing either 4596 to 50%, or 8096 vanadium. The 
45%- to 50%-grade FeV is produced by silicothermic reduction 
of V,O, in slag or other vanadium-containing materials. Most of 
the 80%-grade FeV is produced by aluminothermic reduction of 
У.О, in the presence of steel scrap or by direct reduction in an 
electric arc furnace. 


Prices 


In 2010, the price for domestic FeV, as published in Metal 
Bulletin, ranged from $10.50 to $17.25 per pound of contained 
vanadium, compared with $7.40 to $35.00 per pound reported 
in 2009. In January, prices averaged $11.40 per pound. Prices 
increased to a monthly high of $17.25 in May and gradually 
decreased to end the year at an average of $13.50 per pound 
in December. The European FeV price ranged from $21.00 
to $34.50 per kilogram compared with $17.50 to $36.00 per 
kilogram in 2009. The European price averaged $26.22 per 
kilogram in January and gradually increased to a monthly high 
of $34.50 per kilogram in May. The price decreased in June and 
continued to slowly decrease for the remainder of the year to an 
average of $29.24 per kilogram in December. 

The Metal Bulletin published price for domestic У.О, ranged 
between $6.00 and $7.85 per pound in 2010, compared with 
$3.60 and $7.60 per pound in 2009. The price averaged about 
$6.35 per pound in January and increased to a monthly high of 
$7.85 per pound in May. Prices slowly decreased the rest of the 
year to end the year with an average of $6.60 in December. 


World Review 


A large majority of the world’s supply of vanadium was 
derived from mined ore, either directly as mineral concentrates 
derived from vanadiferous titanomagnetite (VTM) or 
from steelmaking slags, where the steel has been produced 
from VTM. Five countries recovered vanadium from ores, 
concentrates, slag, or petroleum residues (table 7). The leading 
vanadium-producing nations remained China, Russia, and South 
Africa. Japan and the United States were thought to be the only 
countries to recover significant quantities of vanadium from 
petroleum residues. 

World vanadium reserves, at more than 13 million metric 
tons (Mt), are sufficient to meet vanadium needs into the next 
century at the present rate of consumption. Increased recovery 
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of vanadium from fly ash, petroleum residues, Slag, and spent 
catalyst is not taken into account and is expected to extend the 
life of the reserves significantly. 

Australia.—Atlantic Ltd. (Perth) announced in September 
that vanadium production was expected to begin in mid-2011 
at its newly acquired Windimurra vanadium project in Westem 
Australia, following raising $55.5 million in capital. The 


previous owners of the project failed to secure the necessary $31 


million financing in 2009. According to Atlantic, Windimum 
production was expected to be 5,700 t/yr of V,O, and to meet 


approximately 7% of world demand. According to the curent - 
mine plan for the project, at a cutoff grade of 0.275% V,0, 913 


Mt of ore was expected to be generated at an average grade of 
0.47% V .O, during 24.5 years (Atlantic Ltd., 2010). 

In November, Reed Resources Ltd. (West Perth) announced 
that it entered into a memorandum of understanding (MOU) 


with Chinese conglomerate, China Nonferrous Metal Industr's 


Foreign Engineering and Construction Co. Ltd. (МЕС), forthe 


Barrambie vanadium project in Western Australia. According to 


the company, the MOU formalizes discussions between Reed 


and NFC, specifically construction, an engineering procurement, 


and project financing, and represents the next step towards the 
successful development of the project (Reed Resources Ltd, 


2010). | 
Brazil.—Largo Resources Ltd. (Toronto, Ontario, Сапай) 


has completed extensive work on its Maracas vanadium project 
d proven and probable 


including a feasibility study which outline 
mineral reserves of 13.1 Mt grading 1.34% 
during a 23-year project life-span. The Mara 
project was expected to produce 5,000 t/yr o 
is located in the municipality of Campo Aleg 
State of Bahia (Largo Resources Ltd., 2010). J 
Canada.—Apella Resources Inc. (Vancouver, British 
Columbia) owns two vanadiferous magnetite deposits ІП 
Canada, the Iron-T vanadium project in cen 
Lac Dore vanadium project in northern Quebec. ^ ani 
the company, the Lac Dore project is an advanced vana 


vanadium deposit 
is xpected to be the largest vana 
project and was expect ord 


in North America, and the second largest in ae to continue 
(Apella Resources, 2011b). Apella was expecte 
exploration and development on the L iy the feasibiliy 
Simultaneously, Apella was expected КААР” cted to take 
of its Iron-T vanadium project, which was ius (Арав 
12 to 18 months and cost approximately $18 mı 


Resources, 201 1a). ie 

China.—The Chinese vanadium ind 
articularly 1n Mg 
ve amount of nio | 
If of that of мапад 


s much as /, Th 
stitution of ferroniobtu 


FeV (Metal-Pages, 201 0). The sub is PET prices. 
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шд Pith the necessary applications to the Chinese government 


xuthorities to amend the Daquan project mining license, valid to 
М «Шу 2, 2030, to include both open pit and underground mining. 
atiis he feasibility study was expected to confirm the construction 
ma, bedele, which was anticipating completion in the second 
T ui arte of 2012 (Sino Vanadium Inc., 2010). Е 
Tren India.—The Indian F erro Alloy Producers Association 
кик to urge the Indian Finance Ministry to reconsider 
ће 7.5% import tax on V,O, and vanadium sludge/ammonium 
MICE etavanadate. They have asked that the tax be removed 
ШЕ ompletely to protect the domestic FeV producers from 
iil o mpletely shutting down their operations owing to lack of 
йш ofits caused by the excessive costs of importing the raw 
Mal material (У,О,) (Indian Ferro Alloy Producers Association, 
ІШЕЗ01 ). 
ТЇШЇ Japan. Japan's vanadium imports increased in 2010 
ПМ отрагед with those in 2009; however, they have not recovered 
пи Шо 2008 levels. Japan's imports of V,O, rose to 1,382 t У,0, 
би ссотрагед with 942 t V,O, Юг the same period in 2009. Japanese 
slESFeV production increased to 2,825 t FeV in the first 8 months of 
11:12010, up from 1,362 t FeV in the same period in 2009 and 2,620 
шї FeV in the same period of 2008 (Ryan’s Notes, 2010). 
из Madagascar.—In November, Energizer Resources Inc. 
(Toronto, Ontario, Canada), formerly known as Uranium 
їшї б{аг Corp., updated the resource estimate for its Green Giant 
sas vanadium project in Madagascar to include an indicated 
uisresource of 49.5 Mt at an average grade of 0.693% V. O.. The 
jjilimineral resource is contained in three separate zones on the 
yl Green Giant property, totaling approximately 5.3 kilometers 
(km) in strike length. According to the company, a preliminary 
рзесопотіс assessment, to include analysis of the existing and 
y additional infrastructure necessary for the project, was to begin 
iin 2011. One important and potential benefit to the company 
„3 Would be the development of the adjacent Sakoa coal project, 
Situated 30 km away from the Green Giant project (Energizer 
(с Resources Inc., 2011). 
ш According to the company, the Green Giant vanadium 
deposit is a sedimentary-hosted deposit, in contrast to most 


и 


i vanadium deposits which are magnetite hosted. As a result, the 

К ИАС ы. for the Green Giant vanadium is different 

е TOM that used by other vanadium producers. The unique 

d characteristics of the Green Giant vanadium would allow the 

| 2 company to produce a high-purity У,О,, which is required in 

i battery power and in battery storage for both automotive and 
large-scale applications. FeV, which is the usual end product 

" from magnetite-hosted deposits, can only be used for steel 

2 applications (Energizer Resources Inc., 2011). 

Й Russia.—Evraz announced that it focused оп increasing the 

f efficiency of its Vanady-Tula plant, and upon implementation of 

f its plan, the plant's production capacity was expected to increase 

р by 3% to 5% in 2011 and by up to 1096 by 2013. In 2011, 

d Vanady-Tula had a capacity to produce 12,500 t/yr of V,O, and 

j up to 7,100 t/yr of FeV (Evraz Group S.A., 2011, p. 45). 

f | South Africa.—Xstrata plc (Zug, Switzerland) announced that 

| | its Rhovan vanadium facility, located 30 km northwest of Brits, 

i achieved record production during 2010. The Rhovan facility 

j produced 4,300 t of FeV in 2010, an 89% increase compared 

| With 2,280 t of FeV produced т 2009. The facility produced 
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9,920 t of V,O, in 2010, a 90% increase compared with 5 
5,210 t of V,O, produced in 2009. In part of 2009, the facility 
suspended all vanadium production owing to an extended 
maintenance program (Xstrata plc, 2011). 

Vametco Alloys (Brits), a division of Stratcor, part of Evraz, 
announced that it improved production efficiency at its Vametco 
plant through optimizing the feed mix of vanadium ore and 
vanadium slag to its process. Vametco was therefore able to 
raise its production to full capacity during the second half of 
2010. Vametco's primary end product is Nitrovan vanadium, 

a specialty vanadium-nitrogen alloy, which according to the 
company, strengthens steel more efficiently than FeV. The 
company was expected to continue to improve its vanadium 
recovery rate in 2011 as well as perform several safety 
improvements and environmental projects (Evraz S.A., 2011, 


| р. 45). 


Evraz Highveld Steel and Vanadium Ltd. (Emalahleni) 
reported producing 64,202 t of vanadium slag in 2010, a 3894 
increase from 46,614 t of vanadium slag produced in 2009. 

The company mines titaniferous magnetite ore at its Mapochs 
Mine at Roossenekal, Limpopo, and produces iron and steel 
products and vanadium bearing slag at its Steelworks facility 

in Emalahleni, Mpumalanga. The company marketed the 
vanadium-bearing slag locally as well as in Europe through its 
Austrian-based subsidiary, Hochvanadium Holdings AG (Evraz 
Highveld Steel and Vanadium Ltd., 2011, p. 5, 7). 


Outlook 


Vanadium consumption is heavily influenced by steel 
production, high-strength steel grades in particular. In 2010 
vanadium benefited from an improvement in the global | 
economy and a consequent improvement in the demand 
for steel. High-strength steels are growing in use as the 
construction, energy, and transportation industries seek to 
maximize the strength and minimize the weight of their 
products. There continues to be growth potential in vanadium ?5 
other end-use industries as well. Aerospace applications are 
rapidly expanding, and vanadium consumption has been 
increasing with the introduction of the next generation of 
commercial aircraft. The quest for fuel efficiency is key in the 
aerospace industry but also extends to automobiles, high-speed 
drilling, powerplants, and rail cars. | ai 

There are several different battery technologies in the 
development and early commercialization stages. One 
technology showing continued promise in stabilizing ener 
distribution in renewable systems is the vanadium redox ui 
battery (VRB), which consists of an assembly of power cell 
in which two vanadium-based electrolytes are separated by | 


a proton exchange membrane. The main advantages of the 


VRB are that it can offer almost unlimited capacity simply b 
using sequentially larger storage tanks, can be left com к - 
discharged for long periods of time With no ill effects a b у 
recharged by replacing the electrolyte if no power source is 
available to charge it, and suffers no permanent damage fd 
electrolytes are accidentally mixed (Johnstone, 2008). The VRB 
has also been shown to have the least ecological impact of ali 
energy storage technologies. | 


Another emerging technology is the use of lithium-vanadium 
phosphate or fluorophosphate cathodes and lithium-vanadium 
oxide anodes in rechargeable lithium batteries. These batteries 
exhibit much improved safety compared with the more generic 
lithium-cobalt oxide type cathodes seen in cellular telephone 
or laptop batteries, which have higher operating voltages 
and higher rates of energy storage. The vanadium phosphate 
cathode material can support 2096 more energy storage than 
the conventional cobalt oxide, as much as 26% more than iron 
phosphate, and 56% more than manganese oxide. However, in 
order for such a battery to be practical, the cost of the battery is 
key. Subaru, owned by Fuji Heavy Industries Ltd., has unveiled 
a prototype of its G4e electric car, powered by lithium-vanadium 
phosphate batteries. This concept car has a 200-km range that 
is provided by a relatively small vanadium phosphate battery 
pack, double what their earlier Rle concept car could achieve 
(Hykawy, 2009). 

Vanadium is also emerging as an anticorrosion agent in some 
rare-earth magnets, enabling use of a new set of materials 
for use in strong magnets. Vanadium acts to increase the 
effectiveness of rare-earth magnets, including making the 
magnets much more resistant to corrosion across a broader 
range of temperature and humidity (Hykawy, 2009). 

The outlook for the vanadium market in 2011 appears to be 
strong. Increasing steel demand, projected through at least 2015, 
mandates for higher quality steel in emerging markets, and the 
potential for a whole new market for battery production, were 
all expected to contribute to increased vanadium consumption. 
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TABLE | 
SALIENT VANADIUM STATISTICS! 


(Metric tons of contained vanadium, unless otherwise specified) 


2006 2007 2008 2009 2010 
United States: 
Production, ore and concentrate: 
.Recovembleyansdiuu. ne 
Recoverable vanadium value thousand dollars -- -- W W W 
Consumption, reported 4,030 4,970 ' 5,170 4,690 ' 5,030 
Exports: 
Ferrovanadium 515! 206 ' 452! 672 611 
Vanadium pentoxide (anhydride) 341 327 249 401 140 
Other oxides and hydroxides of vanadium 832 626 1,040 506 1,100 
Imports for consumption: | 
Ferrovanadium 2,140" 2,220 ' 2,800 ' 353 1,340 
Ash and residues? 637 1,000 1,040 791 521 
Vanadium pentoxide (anhydride) 1,920 2,390 3,700 1,120 4,000 
Other oxides and hydroxides of vanadium 129 42 144 25 167 
Stocks: 
Ferrovanadium m 275 253 229 ' 232 181 
. Oxide _ ПЕНИН ЗАВЕО Я 
Other" 49 49' 82! 58 62 
World, production from ore, concentrate, slag" 2 57,900 _ 58,50 56400  51400' 57600 


"Estimated. 'Revised. W Withheld to avoid disclosing company proprietary data. -- Zero. 

!Data are rounded to no more than three significant digits. 

*Recoverable vanadium contained in uranium and vanadium ores and concentrates received at mill, plus vanadium recovered from 
ferrophosphorous slag derived from domestic phosphate rock. 

*Ash and residues from the manufacture of iron and steel. 

*Consists principally of vanadium-aluminum alloy, small quantities of other vanadium alloys, vanadium metal, and ammonium metavanadate. 


*Excludes U.S. production. 
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TABLE2 


U.S. CONSUMPTION OF VANADIUM, BY END USE AND FORM! 


(Kilograms of contained vanadium) 


2009 2010 
End use: 
Steel: 
Carbon 832,000 843,000 
Full alloy 1,920,000 2,030,000 
High-strength low-alloy W W 
Stainless and heat resisting 119,000 120,000 
Tool уу” W 
Total 2,870,000" 2,990,000 
Cast irons W W 
Superalloys 11,500" 9,230 
Alloys (excluding steels and superalloys): 
Welding and alloy hard-facing rods and materials W W 
Other alloys? W W 
Chemical and ceramic uses: 
Catalysts W W 
Pigments W W 
Miscellaneous and unspecified 1,800,000 ' 2,030,000 
Grand total 4,690,000" 5,030,000 
Form: 
Ferrovanadium 3,910,000 ' 4,210,000 
Oxide 44,300 ' 3,530 
Other? 732,000 ' 815,000 
Total 4,690,000 " 5,030,000 


‘Revised. W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous 


and unspecified.” 


"Раја are rounded to no more than three significant digits; may not add to totals shown. 


“Includes magnetic alloys. 


*Consists principally of vanadium-aluminum alloy, small quantities of other vanadium alloys, 


vanadium metal, and ammonium metavanadate. 
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Imports for consumption: 


2009 
2010: 


China 


Germany 


^ United Kingdom 


Mexico 
Netherlands 


Tota] 


Exports: 
_ 2009 


2010: 


Belgium 


Canada 


Chile 


China 
Colombia 


France 


Hong Kong 


Germany 


India 
Israel 


Italy 


Japan 


Kote БОРИО ОВ, ил 


Malaysia 
Mexico 
Netherlands 


Panama 


Russia 
Singapore 


South Africa 


Taiwan 


Turkey 


United Arab Emirates 
United Kingdom 


Total 


-- Zero. 
Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 


TABLE 3 
U.S. IMPORTS AND EXPORTS OF ALUMINUM-VANADIUM MASTER ALLOY 


Aluminum-vanadium 
master alloy 


Quantity, 


gross weight 
(kilograms) 


282,000 


494 
9,170,000 
17,300 
16,400 
9,200,000 


11,200,000 


80,600 
7,320,000 
16,500 
271 

319 

401 

657 
17,900 
6,840 

637 
55,300 
3,160 
3,150 
4,180,000 
296 


480 

1,430 
32,700 
37,600 
804 
147,000 
7,350 
11,900,000 


Value 


$979,000 


2,500 
20,000,000 
69,100 
109,000 
20,200,000 


27,800,000 


1,320,000 
17,400,000 
164,000 
3,530 
4,150 
7,660 
19,300 
160,000 
102,000 
8,280 
1,600,000 
80,100 
40,900 
11,200,000 
3,850 
8,040 
6,230 
14,400 
101,000 
182,000 
10,500 
701,000 
107,000 
33,300,000 


AND VANADIUM METAL, INCLUDING WASTE AND SCRAP! 


Vanadium metal, including 
waste and scrap 


Quantity, 
gross weight 
(kilograms) 


21,700 


4,370 
5,300 


9,660 


22,700 


21,200 


Value 


$940,000 


93,100 
341,000 


434,000 


1,040,000 


671,000 


80.7 


TABLE 4 
U.S. IMPORTS AND EXPORTS OF FERROVANADIUM, VANADIUM PENTOXIDE (ANHYDRIDE), AND 


OTHER OXIDES AND HYDROXIDES OF VANADIUM! 


80.8 
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Vanadium pentoxide Other oxides and 
Ferrovanadium (anhydride) hydroxides of vanadium 
Quantity, Quantity, ~ Quantity, — 0 
V? content V? content V? content 
(kilograms) Value (kilograms) Value (kilograms) Value 
Imports for consumption: 
2009 353,000 $12,600,000 1,120,000 $16,500,000 25,200 $551,000 
2010: 
Albania 16,000 349,000 - -- -- - 
Australia 20,400 687,000 E 25 - - 
Austria 451,000 14,100,000 170 9,830 33,500 942,000 
Canada 477,000 15,100,000 -- - -- * 
China 502 23,600 162,000 3,980,000 -- =: 
Germany 2,350 161,000 -- -- E = 
India 542 35,600 -- -- == н 
Korea, Republic of 372,000 10,600,000 -- -- se - 
Russia -- -- 2,520,000 29,900,000 - = 
South Africa ЕЕ = -- 1,310,000 19,800,000 133,000 2,370,000 
United Kingdom == = 3,000 39,700 5 22,600 
Total 1,340,000 41,100,000 4,000,000 53,700,000 167,000 3,330,000 
Exports: 
2009 672,000 15,000,000 401,000 4,970,000 506,000 5,210,000 
2010: 
Argentina 1,450 44,500 1,530 48,100 48,300 283,000 
Australia 393 13,100 -- -- = ~ 
Austria ~ -- -- == 32,500 289,000 
Belgium == -- 1,980 39,300 = 4 
Brazil -- -- 20,500 256,000 24,900 222,000 
Сапада 310,000 9,690,000 - - 225000: 21000 
China 2202 13700 243,000 - - 40300 4009 
Columbia 331 7,390 -- x т 
Germany mn ы = 12,000 197,000 43,800 510000 
а е SE = x 4,470 39,800 
| қ 558 4,970 
Japan s zs we - i 
Korea, Republic of 66,500 2,130,000 == on 
Mexico ee 56,200 1,930,000 1,290 28,600 37,700 47500 
Morocco T" Gs 433 14,100 СЕ 
__ Netherlands 13,500 263,000 65,500 975,000 346,000 3,670000 
Pakistan -- -- 1,100 18,000 т i 
Peru 3,420 153,000 = u 219.000 1,950,000 
Russia = a zt -- › x 
Saudi Arabia 15,000 478,000 10,400 183,000 "^. 672,000 
Senegal = -- = T , ic 
Singapore = -- 225 9,320 “ Е 
Spain Ze -- 19,000 247,000 e E 
Trinidad and Tobago -- -- 6,170 121,000 И р 
United Arab Emirates 25,900 698,000 = = 0,000 
Total 611,000 18,100,000 140,000 2,140,000 1,100,000 10,60 
-- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
Мау include catalysts that contain vanadium pentoxide. 
?Vanadium. 
Source: U.S. Census Bureau. 
ok- 
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TABLE 5 
U.S. IMPORTS FOR CONSUMPTION OF VANADIUM-BEARING ASH AND RESIDUES! 


2009 2010 
Quantity, Quantity, 
V,0,” content V0; content 
Material and country (kilograms) Value (kilograms) Value 
Ash and residues? 
Belgium -- -- 48,700 $274,000 
Canada 2,250 $4,850 89,800 69,800 
Mexico 788,000 — 12,300,000 361,000 5,190,000 
_ Saudi Arabia 3; = 6,090 31,200 
Trinidad and Tobago -- - 15,400 4,710 
United Kingdom 120 2,210 -- -- 
Total 791,000 12,300,000 521,000 5,570,000 
-- Zero 


! Data are rounded to no more than three significant digits; may not add to totals shown. 


МО, Vanadium pentoxide. 


3 Ash and residues from the manufacture of iron and steel. 


Source: U.S. Census Bureau. 


TABLE 6 


U.S. IMPORTS FOR CONSUMPTION OF MISCELLANEOUS VANADIUM CHEMICALS"? 


a 


Quantity, 
V? content 
Material and country (kilograms) 
Sulfates, China 16,500 
Vanadates: 
Austria -- 
China m 167 
Germany 12,500 
India 137 
Japan -- 
South Africa 182,000 
Taiwan -- 
United Kingdom 19,800 
Total 214,000 
-- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
Comprises vanadium ore and miscellaneous vanadium chemicals. 


Vanadium. 


Source: U.S. Census Bureau. 


Value 
$182,000 


3,250 
473,000 
12,100 


2,550,000 
352,000 
3,390,000 


Quantity, 


v? content 


(kilograms) 


46,400 


214 
69,500 
293 


158,000 


Value 
$575,000 


13,700 
887,000 
1,990,000 
7,790 
44,000 
1,100,000 
10,200 


4,050,000 


80.9 


80.10 


TABLE 7 


VANADIUM: ESTIMATED WORLD PRODUCTION, BY COUNTRY? 


(Metric tons, vanadium content) 


Country 2006 
Production from ores, concentrates, slag? 

China* 17,500 

Kazakhstan 1,000 

_ Russia 15,100 
South Africa 23,780 ° 

United States 22 

Total 57,400 

Japan, petroleum residues, ash, and spent catalysts 560 

Grand total 57,900 


2007 2008 2009 200 
19,000 20,000 21,000 22,000 
1,000 1,000 1,000 1,000 
14,500 14,500 14,500 15,000 
23,486 ° 20,295 2 14853 19000 
-- W W W 
58,000 55.800 50,900 ' $7,000 
560 560 560 560 
58,500 56,400 51,400" 5160 


"Revised. W Withheld to avoid disclosing company proprietary data; not included in totals. -- Zero. 

! World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 

?In addition to the countries listed, vanadium is also recovered from petroleum residues in Germany and several other European countries, but 
available information is insufficient to make reliable estimates. Table includes data available through May 18, 2011. 


Production in this section is credited to the country that was the origin of the vanadiferous raw material. 


‘Estimated 40% of vanadium recovered from vanadiferous slag. 


‘Reported figure. 
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бргодисНоп in this section is credited to the country where the vanadiferous product is extracted; available information is inadequat 


crediting this output back to the country of origin of the vanadiferous raw material. 
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| VERMICULITE 
By Arnold O. Tanner 


} y Domestic survey data and tables were prepared by Raymond I. Eldridge III, statistical assistant, and the world production 
= "ble was prepared by Lisa D. Miller, international data coordinator. 


бо 
’ & In 2010, the domestic vermiculite industry showed signs 
| Із Ёгесоуегу from the economic recession that started in late 
' 008 with a substantial increase in vermiculite concentrate 
| roduction compared with that of 2009, although reportable 
_ g troduction of vermiculite concentrate in 2010 remained at an 
y timated 100,000 metric tons (t), which was rounded to the 
- s earest 100,000 t to avoid disclosing company proprietary data. 
— —orldwide vermiculite production increased to approximately 
40,000 t in 2010, up about 596 from that of 2009. About 
3,000 t of exfoliated vermiculite was sold or used in the 
Th нед States іп 2010, up from 69,000 t in 2009. U.S. exports of 
ermiculite were estimated to be approximately 2,000 t, down 
om about 3,000 t in 2009, and U.S. imports were estimated to 
e 29,000 t, 26% less than those of 2009. 


;;;;7€gislation and Government Programs 


As a result of an estimated 400 deaths and more than 1,700 
eople treated for sicknesses attributed to asbestos-related 
iseases in the town of Libby, MT, and the surrounding region, 
"search regarding vermiculite contaminated with amphibole 
ontinued in this area, the locality of what was once the largest 
ermiculite mine in the world (Hart and others, 2009; Brown, 
011; Frasca, 2011). Studies on the Libby vermiculite mine, 
vhich closed in 1990, continued in 2010 leading to a proposed 
ettlement in October. The State of Montana was in the final 
tages of negotiating a $43 million settlement with those 
ffected. More than 1,100 claimants with asbestos-related 
iseases would get a portion of the settlement in exchange 
or releasing the State and various State agencies from future 
laims related to the former vermiculate mine in Libby. For 
he settlement to be final, court approval was required, which 
vas not achieved by yearend. A ruling on the settlement was 
xpected in 2011 (Hintze, 2011). 


'roduction 


Vermiculite is a hydrated magnesium-aluminum-iron 
ilicate; flakes of raw vermiculite concentrate are mica-like 
п appearance, contain water molecules within their internal 
tructure, and range in color from black to various shades 
f brown to yellow. When the flakes are heated rapidly toa 
emperature of 900 °C or higher, the water flashes into steam, 
ind the flakes expand into accordion-like particles, gold or 
ronze in color. This expansion process is called exfoliation, 
ind the resulting lightweight material is chemically inert, fire 
esistant, and odorless. Two U.S. producers of vermiculite 
"oncentrate, Virginia Vermiculite LLC with two operations— 
ne near Woodruff, SC, and one in Louisa County, VA—and 
W.R. Grace & Co. from its operation at Enoree, SC, produced 
in estimated 100,000 t of vermiculite in 2010. Domestic 
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production (sold or used) data for vermiculite were collected 
by the U.S. Geological Survey (USGS) from two voluntary 
canvasses—one for mine-mill (concentrator) operations and the 
other for exfoliation plants. Production data for nonrespondents 
were estimated based upon previous years' reported production 
levels. 

Vermiculite concentrate was shipped to exfoliating plants for 
conversion into the expanded lightweight products. The output 
of about 73,000 t of exfoliated vermiculite sold or used by 
producers was valued at $41.2 million in 2010, up from 
$33.6 million in 2009 (table 1). Exfoliated vermiculite, 
produced from domestic and imported vermiculite concentrate, 
was produced by 14 companies operating 17 plants in 10 
States (table 2). Of the 17 exfoliation plants, 9 responded to the 
annual canvass, representing 5796 of the estimated sold or used 
exfoliated vermiculite tonnages listed in tables 1 and 3. States 
that produced exfoliated vermiculite were, in descending order 
of estimated output sold or used, South Carolina, New J ersey, 
Pennsylvania, Florida, Arizona, Massachusetts, Illinois, 

New Mexico, Ohio, and Arkansas. 


Consumption 


Vermiculite has a wide range of uses that take advantage of 
its various attributes of fire resistance, low thermal conductivity. 
high liquid absorption capacity, inertness, and low density | 
(table 3). In lightweight aggregate applications, vermiculite is 
used in general building plasters and concrete products for its 
lightweight and good thermal insulation properties, alone or 
combined with other lightweight aggregates such as perlite 
Special plasters include fire protection and soundproofing | 
through products in which vermiculite is combined With 
a binder, such as gypsum or portland cement, fillers and 
specialized additives (Roskill Information Services Ltd 2004 
4 ua а can absorb liquids, such as fertilizers | 

еготстае5, and insecticides, whi 
HP тал dura Which can then be transported as 


lite, sometimes treated with 


Services Ltd., 2004, p. 11 
In horticulture, exfoliated vermiculite į 


a eee C C d LLLI 


conditioner, exfoliated vermiculite can improve the aeration 

of “sticky” soils (containing clay) and the water retention 

characteristics of sandy soils. This allows for easier watering 

and reduces the likelihood of compaction, cracking, and crusting 

of the soil. Vermiculite is used in the fertilizer/pesticide market 

because of its ability to act as a bulking agent, carrier, and 

extender (Roskill Information Services Ltd., 2004, p. 108—109). 
Other uses include refractory-insulation gunning and 

castable mixes and vermiculite dispersions. Finer grades of 

exfoliated vermiculite are used to partially replace asbestos 

in brake linings, primarily for the automotive market (Roskill 

Information Services Ltd., 2004, p. 112-113). 


Prices 


Published prices for vermiculite serve only as a general guide 
because of variations in application, quantity, source, and other 
factors. U.S. domestic prices for vermiculite concentrate, 
ex-plant, ranged from $95 to $400 per metric ton, largely 
dependent on grade sizing. The average value of imports into 
the United States, f.o.b. (free on board) barge Gulf Coast port, 
ranged from $210 to $460 per ton (Moeller, 2010). Coarser 
grained vermiculite with greater thermal expansion commands a 
higher price, but none is produced in the United States. 

The average unit value of U.S. exfoliated vermiculite sold 
or used by producers, using actual and estimated data, was 
about $564 per ton in 2010, up by 16% from about $487 per 
ton in 2009; this was a composite value that included exfoliated 
vermiculite produced from both U.S. and imported concentrate 


(table 1). 
Foreign Trade 


Trade data for vermiculite concentrate are not collected 
as a separate category by the U.S. Census Bureau but are 
included within the category “vermiculite, perlite, and chlorite, 
unexpanded" under Harmonized Tariff Schedule of the United 
States code 2530.10.0000. Trade data in this report are from 
PIERS, a U.S. trade database compiled by the Journal of 
Commerce (United Business Media Global Trade, 2011). 
Total U.S. imports of vermiculite in 2010—crude, concentrate, 
and exfoliated—(excluding any material from Canada and 
Mexico) were estimated to be about 29,000 t, the majority of 
those coming from South Africa, about 67%; Brazil, 14%; and 
China, 12%. Total U.S. exports of about 2,000 t were shipped 
to the United Kingdom, 66%; Israel and Latvia, about 7% each; 
and Honduras, about 6%, with the remainder to several other 


countries. 
World Review 


Brazil.—In 2010, Brazil Minerios Ltda. produced 35,000 t of 
vermiculite at its Sao Luis De Montes Belos Mine near Goiania 
in central Brazil. With estimated reserves of 1.2 million metric 
tons (Mt) of vermiculite ore, Brasil Mineros planned increases 
in production capacity to 55,000 metric tons per year (t/yr) of 
vermiculite in 2011 and to 80,000 t/yr by 2013 (Elliott, 201 1c). 

China.—As part of group restructuring, Imerys (Paris, 
France) achieved a portion of its cost savings during the year, by 
significantly reducing production and temporarily withdrawing 
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from vermiculite activities at the company's Xinlong Mine 
in the Xinjiang Province, along with taking a depreciation of 
mining rights at the operation (Imerys, 2011, p. 5). Imerys 
was the world’s second-ranked supplier of vermiculite, 
with production also from deposits mainly in Australia and 
Zimbabwe. 

South Africa.—In 2010, South Africa was the world’s leadin 
producer and exporter of crude vermiculite, accounting for 
about 198,000 t, or 37%, of an estimated world production 
of 540,000 t (table 4). From 2000-09, on average, 89% of 
the crude vermiculite produced in South Africa was exported 
(Directorate Mineral Economics, 2011). From its mine in 
Limpopo Province, Palabora Mining Co. Ltd. (а memberofRe 
Tinto plc) managed the world's largest vermiculite reserves 
Palabora Mining reported 196,000 t of vermiculite producto 
in 2010 (Palabora Mining Co. Ltd., 2011). Palabora Mining 
was finding it increasingly challenging to produce sufficient 
quantities of coarse-grained grades from its diminishing 
resources to help meet substantially increasing world demand 
(Elliott, 20110). mE 

Uganda.— Gulf Industrials Ltd. (Sidney, Australia) continue 
development of and production at the East African Namekar 
vermiculite deposit, as part of the company’s larger East АЙ 
Vermiculite Project (EAVP) in eastern Uganda. The EAVP, 
considered to be one of the world’s largest deposits, has abo 
55 Mt of inferred resources, including significant quantities — 
of coarse grades of vermiculite. The company planned to | 
: : i f raw vermicuitt 
increase production capacity from 4,000 t/yr o 


L Ы М y 
concentrate in 2010 to 18,000 t/yr with the installation 01415 


drier system in 2011 and to 80,000 t/yr during 2012 ipud 
2011b). The Namekara deposit has sufficient 5 ми 
than 50 years at planned rates of production. The apum 
secured a 25-year sales contract for all production wi " 
Minerals Ltd., which will market and distribute the ir sil 
(Proactive Investors Australia, 2010; Gulf Industrials 140, 


p. 2-4). 


Outlook 
d a tightening of supply 
pected to riso 
oduction was 
201] reflecting 


With increased demand globally and a ti 
especially in coarser grades, prices agb 
possibly significantly, in 2011. Vermicu E. 
expected to continue to increase worldw! a versi 
a continued slow recovery from the global s speci 
The ramping up of production from major ee ^o inre 
in Brazil and Uganda was expected to d China 
production in 2012. The Imerys Xinlong 
expected to reopen т 


late 2011 or early 2012. afaki 
International Monetary 


Fund (IMF) forecast 
economic growth for 2011 and 2012 "a a — 
from those completed in early 201 y s ит 
was expected to grow at about 4.5% р H о 88 
with offsetting changes across va 7 emerging 80 
economies increasing at about 2.9 2 eredi г the obal 
developing economies at about бл, wih vermicul 
economy may result in increased A s 
in 2011—12. Because of pem т "he globe nai | 
activity and a continued re ry ПО is could incr 


narkels 
recession, North American 


E 
< 
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б tips 


es * 2% to 396, while those in Europe and Asia may increase by 
їй, 


40 А 
fe 1), 


ЖАСУ упр to the energy-intensive process associated with the 
“foliation of vermiculite in traditional blast furnaces, natural 
i$ prices typically dictate price fluctuations for exfoliated 
"Nlis тісше, Prices, which remained stable in 2009, rose slightly 
in 2010. In the event of increased natural gas prices, the cost for 
fatalis foliated vermiculite would probably increase likewise. 
Lem new microwave technology under development held promise 
xd oc significantly reduce the energy needed for processing crude 
ms Mitermiculite, and, by producing a more consistent heating 
aMihlirocess on all the vermiculite flakes, to increase the proportion 
idsinsenat is exfoliated successfully. Up to 8% of vermiculite is not 
ЖИ ея Пу exfoliated in traditional blast furnace processing; that 
010.31 югПоп is difficult to utilize in end products and incurs costs for 
ит -уа54е disposal (Elliott, 20114). 
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TABLE 1 
SALIENT VERMICULITE STATISTICS! 


(Thousand metric tons and thousand dollars unless otherwise specified) 


mE m 2006 2007 2008 2009 2010 

United States: "NN | us d CE а 

. Production, concentrate“ ^? Е MEN | 100 _100 100 100 100 

Exfoliated:" 

— Quantity m 90 85 82 69 7 
Value* 36,500 36,500 40,100 33,600 41,200 
Average value * dollars per metric ton 406 429 489 487 564 

Exports‘ 5 5 5 3 2 
Imports for consumption? 65 * 51 73 39 29 

World, production m 512' 510° 525! 509 ' 536° 

"Estimated. "Revised. 

! Data are rounded to no more than three significant digits unless otherwise specified. 

*Sold or used by producers. 

*Rounded to the nearest 100,000 metric tons to avoid disclosing company proprietary data. 

“Based on rounded data. 

*Source: United Business Media Global Trade, a division of United Business Media Ltd., 2010. 

TABLE 2 
ACTIVE VERMICULITE EXFOLIATION PLANTS IN THE UNITED STATES IN 2010 
Company County State 

Isolatek International Inc. mM . Sussex New Jersey. 
J.P. Austin Associates Inc. | Beaver Pennsylvania. 
Palmetto Vermiculite Co. Inc. Е m Spartanburg South Carolina. 
P. V.P. Industries, Inc. Trumbull Ohio. 

Schundler Co., The | Middlesex New o ИРИНЕ 
Southwest Vermiculite Co., Inc. Bernalillo New Mexico. — 
Sun Gro Horticulture Canada Ltd. "m Jefferson | NES m 

Do. СО | LaSalle | Illinois. 
ThermalCeramcsIn. = __________ Macoupin — Ро. ____ 
Therm-O-Rock East, Inc. Washington Pennsylvania 
Therm-O-Rock West, Inc. — Maricopa Arizona. 
VeliteCo. — ME Hillsborough —— _ Florida. : 
Vermiculite Industrial Cop. — | 00 Allegheny Pennsylvania. 
Whittemore Co, пс. mu | Essex Massachusetts. 
W.R.Grace&Co. . . Maricopa Arizona. 
Ре —  — Broward,  lerida 
Doe Laurens South Carolina. _ 
Do. Ditto. —  - m 

y MINERALS 
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TABLE 3 
ESTIMATED EXFOLIATED VERMICULITE SOLD OR 


USED IN THE UNITED STATES, BY END USE! 


um (Metric tons) 


! | 2000. 2010 

2 Aggregates? 24,300 14,300 

"M Insulation? | 5,860 5,560 
—- Agricultural: 

3 Horticultural —— — 14,900 17,400 

\ _ Soil conditioning - wW 11,000 

Fertilizer carrier | W | М 

_ Tod о W W 

у Other’ W W 

Grand total’ 69,000 73,000 


W Withheld to avoid disclosing company proprietary data; 
included in “Grand total.” 


'Data rounded to no more than three significant digits; may 
not add to totals shown. 


"Includes concrete, plaster, and premixes (acoustic insulation, 
fireproofing, and texturizing uses). 

*Includes loose-fill, block, and other (high-temperature and 
packing insulation and sealants). 


“Includes various industrial and other uses not specified. 


‘Rounded to two significant digits because of estimated data. 


TABLE 4 
VERMICULITE: WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 
Country = 2006 200 2008 2009 2010* 

Агре OO 1,585 1,726 1,813 2,150 ' 2.000 
Australia? 13,000 13,000 13,000 12,000 13,000 
Brazil, concentrate 19,279 18,952 20,089 20,100 35,000 
Bulgaria ees = i -- 3,000 
China* FEEDER 110,000 110,000 120,000 120,000 120,000 
Egypt u 12,000 5,770 ? 7,560 > 12,000 ' 12.000 
India 10,539 ' 9,639 ' 11,742" 12,000 "° 13000 
ae | 6,000 6,000 6,000 6,000 6,000 

ussia 25,000 25,000 
South Africa 0/00 197,765 198526 с Е б 

A , » ,334 198,005 ? 

Чаа  — . 3,512 3,500 3,500 3,600 3,500 
United States, concentrate, sold and used. by producers" * 100,000 100,000 100,000 ' 100,000 100000 
Zimbabwe 13,421 * 17,395 ' 16,123 ' 3.211" ae 

Total 512,000" 510,000" 525000! 509,000 € $36 000 


“Estimated. ‘Revised. -- Zero. 
'World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


?Excludes production by countries for which data are not available and for which general information is į 


inadequat i Қ 
reliable estimates. Table includes data available through July 13, 2011. quate for formulation of 


"Reported figure. 
^Rounded to avoid disclosing company proprietary data. 
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WOLLASTONITE 
By Robert L. Virta 


Domestic survey data were prepared by Hodan A. Fatah, statistical assistant. 


Wollastonite was mined by two companies in the United 
States in 2010. U.S. production data collected by the U.S. 
Jeological Survey (USGS) are withheld to avoid disclosing 
:ompany proprietary data, but U.S. production and sales 
ncreased with the recovery of the global economy from the 
2008—09 recession. Exports of wollastonite were estimated to be 
less than 10,000 metric tons (t), but greater than those of 2009. 
[mports of wollastonite were estimated to be less than 4,000 t 
in 2010, unchanged from those of 2009. World sales of refined 
wollastonite products were estimated to be in the range of 
460,000 to 500,000 t in 2010 compared with 430,000 to 
470,000 t in 2009. 

Wollastonite, a calcium metasilicate (CaSiO,), has an 
ideal composition of 51.796 silicon dioxide and 48.396 
calcium oxide but can also contain trace to minor amounts of 
aluminum, iron, magnesium, manganese, potassium, sodium or 
strontium substituting for calcium. Wollastonite occurs in the 
form of prismatic crystals that break into tabular-to-acicular 
fragments. It is usually white but also may be gray, cream, 
brown, pale-green, or red depending on the impurities and 
grain size. Wollastonite is used primarily in automobile brakes, 
ceramics, metallurgical processing, paint, and plastics. Some 
of the properties that make it so useful are high brightness and 
whiteness, low moisture and oil absorption, low volatile content, 
and the acicular nature of some wollastonite. 


Production 


In 2010, domestic wollastonite production increased from 
that of 2009. Data collected by the USGS are withheld to 
avoid disclosing proprietary information. Average annual U.S. 
wollastonite production was reported in the trade literature to be 
about 65,000 tons per year (t/yr) in 2009 (Ellen, 2009; Feytis, 
2009). 

Wollastonite has been mined commercially in California and 
New York. The California deposits, which are in Inyo, Kern, and 
Riverside Counties, were mined between 1930 and 1970. These 
Operations were limited in size, producing only a few thousand 
metric tons each year for ceramics, decorative stone, paint, and 
mineral wool production before closing. 

Wollastonite deposits in New York have been mined for more 
than 50 years. Two companies mined wollastonite in 2010— 
NYCO Minerals, Inc. [a subsidiary of Resource Capital Fund 
IV L.P. (RCF), Denver, CO], which operated a mine in Essex 
County, and R.T. Vanderbilt Co., Inc., through its Gouverneur 
Mineral Division, which operated a mine in Lewis County. 

The NYCO deposit contains diopside, garnet, and wollastonite. 
Parts of the deposit contain up to 60% wollastonite. The ore 
was processed at the Willsboro, NY, plant, where the garnet was 
removed using high-intensity magnetic separators. NYCO also 
chemically modified the surfaces of some of its wollastonite 
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products to improve their performance. R.T. Vanderbilt’s deposit 
consists primarily of wollastonite with minor amounts of 

calcite and prehnite and trace amounts of diopside. The ore was 
processed at the company’s St. Lawrence County plant, where 

it was milled and air classified. R.T. Vanderbilt also produced 
surface-treated products. 


Consumption 


The USGS does not collect end-use data on wollastonite. 
Based on company press releases, general overview articles, 
U.S. manufacturing trends, and previously published 
consumption estimates, plastics and rubber applications 
were estimated to account for 30% to 35% of U.S. sales in 
2010, followed by ceramics with 20% to 25%; metallurgical 
applications, 10% to 20%; paint, 10% to 15%; friction products, 
10% to 15%; and miscellaneous, 10% to 15%. 

Ceramic applications probably account for 30% to 40% of 
wollastonite sales worldwide, followed by polymers (plastics 
and rubber) with 30% to 35% of sales, and paint with 10% 
to 15% of sales. The remaining sales were for construction, 
friction products, and metallurgical applications (Kendall, 2001; 
Robinson, 2006). 

The distribution of sales among domestic markets may have 
shifted slightly towards plastics and metallurgical applications 
in 2010 compared with those of 2009 because automobile 
manufacturing and steel demand began to recover from the 
global recession earlier than other wollastonite markets, 
Commercial and residential construction activity, where 
wollastonite may be used in products such as adhesives, caulks 
ceramics, paints, stucco, and roof coatings, did not increase | 
significantly from levels in 2009. The trend in wollastonite sal 
in Europe in 2010 probably was similar to that in the United E 
с 8 Asia, growth was likely more uniform across all 

In ceramics, wollastonite decreases shrinkage and gas 


evolution during firing, increases green and fired strength 


t firing, and 
In metallurgical 
welding, a source 


board and panels, paint, plastics, and roofing products, 
wollastonite is resistant to chemical attack, inert, stable at high 
temperatures, and improves flexural and tensile strength (Roskill 
Information Services Ltd., 1996, p. 58—59, 78—81, 104—107, 


119, 123-128). 
Prices 


Quoted prices for domestically produced acicular 
wollastonite, ex-works, were $200 to $230 per metric ton for 
200-mesh, $210 to $240 per ton for 325-mesh, and $444 for 
high-aspect-ratio wollastonite. Prices for wollastonite from 
China, free on board, in bulk, were $80 to $90 per ton for 
200-mesh and $90 to $100 per ton for 325-mesh (Industrial 
Minerals, 2010). Hawley (2010) indicated that wollastonite sold 
for plastics applications was $600 to $1,800 per ton, and prices 
for ceramic grades of wollastonite were $200 to $450 per ton 
from a major U.S. producer. Quoted prices should be used only 
as a guideline because actual prices depend on the terms of the 
contract between the seller and the buyer. 


Foreign Trade 


Comprehensive trade data were not available for wollastonite 
because it is included under generic U.S. Census Bureau 
Harmonized Tariff Schedule (HTS) code 2530.90.8060 
(mineral substances not elsewhere specified or included). 

Some wollastonite also may be exported under HTS code 
2121.00.0000 (limestone flux; limestone and other calcareous 
stone). With the global economy showing signs of recovery 
from the 2008—09 economic recession, U.S. exports were likely 
to have increased from those of 2009. Documented exports were 
in the range of 1,500 to 2,000 t. These exports were moved by 
ship to Argentina, Australia, Belgium, Brazil, China, Colombia, 
the Dominican Republic, Germany, Hong Kong, India, Japan, 
the Netherlands, Nicaragua, the Republic of Korea, South 
Africa, and the United Kingdom (United Business Media Global 
Trade, undated). Additional quantities probably were transported 
by truck or train to Canada. 

U.S. imports were estimated to be less than 4,000 t in 2010, 
about the same as in 2009. Imports transported by ship were 
received from China, Finland, Germany, and India. India was 
reported to be the leading source of wollastonite imported into 
the United States by ship, followed by Finland, China, and 
Germany (United Business Media Global Trade, undated). 
Imports from Germany were thought to be transshipments 
because there is no mining of wollastonite in Germany. Small 
additional quantities of wollastonite may have been imported by 
rail or truck from Canada and Mexico. 


World Review 


World production of crude wollastonite ore probably 
increased by 5% to 10% in 2010 compared with that of 2009 
as many countries began to recover from the recent global 
recession, and the Asian economy continued to remain strong. 
Estimated crude ore production increased and was in the 
range of 550,000 to 575,000 t in 2010 compared with 520,000 
to 540,000 t in 2009. Sales of refined wollastonite products 
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probably were in the range of 460,000 to 500,000 t in 20104 
increase from 430,000 to 470,000 t in 2009. 

In 2010, wollastonite production in China was estimated ty 
be 300,000 to 320,000 t (300,000 t in 2009), and production in 
India was probably 145,000 t (132,000 t in 2009). The Unite 
States ranked third in wollastonite production (about 650001 
2009). Production in Mexico was estimated to have increased 
to 40,000 t in 2010 (29,700 t in 2009). Following Mexico in 
ranking were Finland (16,000 t in 2009), Spain (7,000 tin 
2009), and Namibia (55 t in 2009) (Brown and others, 2011, 
p. 103). Small quantities of wollastonite may have been 
produced in other countries. Data for 2010 were not available 
for most countries. 


Finland.—Rettig Group acquired full ownership of Nordkak є 


Corp., which produced limestone and wollastonite. Rettig 
became a shareholder of Nordkalk in 2002 and gradually 
increased its holdings over time. Nordkalk was one of the top 
five world wollastonite producers (Feytis, 20102). 


India.—Wolkem India Ltd. increased production capacity а | 


its mine in the Sirohi district of Rajasthan by 15% to 175,000 
Uyr (Feytis, 2011). 

South Africa.—Namaqua Wollastonite (Pty.) Ltd. 
announced plans to begin wollastonite mining at its Magat 
project near Garies, Namaqualand. The wollastonite hada 
high aspect ratio but also had a high iron content. Namaqu 
planned to market their wollastonite as an asbestos substitute 
and for construction applications, friction products, and 
plastics (Feytis, 2010b). 


Outlook 
2010 


Demand for and production of wollastonite increased in : 
sion. 


as countries began to slowly recover from the global reces 
U.S. manufacturing began to increase in 2010, resulting in 
increased demand for wollastonite for such applications #8 
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ceramic bodies, and reinforcements for plastics E 
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ZEOLITES 
By Robert L. Virta 


Domestic survey data and table were prepared by Hodan A. Fatah, statistical assistant. 


In 2010, natural zeolites were mined by 10 companies in the 
United States, with one other company working from stockpiled 
materials or zeolites purchased from other producers for resale. 
Mine production was 61,300 metric tons (t) in 2010 compared 
with 59,500 t in 2009, and U.S. consumption was 60,000 t in 
2010 compared with 59,400 t in 2009. The major markets were 
in animal feed, pet litter, odor control, and water purification, in 
decreasing order by tonnage. These four applications accounted 
for more than 7096 of domestic consumption. Exports of natural 
zeolites (other than gem quality) were estimated to be less than 
400 t, and imports were estimated to be less than 150 t. World 
production was estimated to be in the range of 2.8 million to 3.3 
million metric tons (Mt). 

Commercial zeolite deposits in the United States are 
associated with the alteration of volcanic tuffs in alkaline lake 
deposits and open hydrologic systems. In the United States, 
these deposits are in Arizona, California, Idaho, Nevada, 

New Mexico, Oregon, Texas, and Wyoming. Zeolites in these 
deposits are chabazite, clinoptilolite, erionite, mordenite, 

and phillipsite. Other components, such as orthoclase and 
plagioclase feldspars, montmorillonite, opal, quartz, and 
volcanic glass, are present in some deposits. 


Legislation and Government Programs 


The U.S. Environmental Protection Agency, the North 
Dakota Department of Health, and the University of Cincinnati 
conducted a health study of 34 individuals to determine if 
breathing dust containing erionite could cause adverse health 
effects. Health scientists were concerned because erionite was 
classified as a human carcinogen by the International Agency 
for Research on Cancer, exposure to erionite might be linked 
to excess cancers in several villages in Turkey, and erionite 
was present in gravels that had been used for decades on roads 
in North Dakota (International Agency for Research against 
Cancer, 1998; U.S. Environmental Protection Agency Region 
8 and North Dakota Department of Health, 2010, p. 5—9). 

The study results suggested that workers involved in road 
maintenance or gravel pits that were exposed to road gravel 
containing erionite could develop changes in the membranes 
surrounding the lungs (pleural changes) that historically are 
associated with exposure to asbestos, and that precautionary 
measures should be followed concerning such workers (U.S. 
Environmental Protection Agency Region 8 and North Dakota 
Department of Health, 2010, p. 5-9, 28-30). 

In connection with the health study, the chemical and 
morphological characteristics of erionite from gravel deposits 
near Killdear Mountain, ND, were compared with those of 
erionite from Rome, OR, and the Cappadocia region of Turkey. 
All samples contained erionite fibers and fiber bundles with 
dimensions of 0.2 to 10 micrometers (ит) in diameter and 2 um 
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to more than 200 um in length. Airborne erionite fibers from 
Turkey had higher length-to-width ratios than those from North 
Dakota. The chemical characteristics of samples from all three 
locations were similar, and the calculated structural formulae 
were similar to those of erionite (Lowers and others, 2010). 


Production 


Domestic data for natural zeolites were collected by means 
of a voluntary survey of the domestic mining industry. Survey 
forms were sent to 11 companies, and 10 responded. Responses 
accounted for more than 9994 of the production and end-use 
data. 

Conventional open pit mining techniques are used to mine 
natural zeolites. The overburden is removed to allow access to 
the ore. The ore may be blasted or stripped for processing by 
using front-end loaders or tractors equipped with ripper blades. 
In processing, the ore is crushed, dried, and milled. The milled 
ore may be air-classified based on particle size and shipped in 
bags or bulk. The crushed product may be screened to remove 
fine material when a granular product is required, and some 
pelletized products are produced from fine material. Producers 
also may modify the properties of the zeolite or blend their 
zeolite products with other materials before sale to enhance their 
performance. 

Ten companies mined natural zeolites in the United States in 
2010. One company did not mine zeolites during the year but 
sold from stocks or purchased zeolites from other producers for 
resale (table 1). Chabazite was mined in Arizona; clinoptilolite 
was mined in California, Idaho, Nevada, New Mexico, and 
Texas. Domestic production of zeolites was 61,300 t compared 
with 59,500 t of production in 2009. New Mexico was the 
leading producing State in 2010, followed by Idaho, Texas, 
Arizona, California, and Nevada. 

Bear River Zeolite Co., Inc. (a subsidiary of United States 
Antimony Corp.) reported that sales revenue increased by 57% 
to $2.42 million in 2010 compared with $1.54 million in 2009. 
The company shipped 15,300 t of zeolites in 2010 compared 
with 11,500 t in 2009 (United States Antimony Corp., 2011, 

. 21). 
ў ж Resources Corp. continued evaluating its clinoptilolite 
deposit near Marfa, TX. In addition to test samples, Daleco also 
sold 120 t of unprocessed zeolite for animal feed supplement, 
wastewater treatment, and miscellaneous uses (Daleco 


Resources Corp., 2011, p. 9). 


Consumption 


About 60,000 t of natural zeolites was sold in 2010 in the 
United States compared with 59,400 t in 2009. Domestic uses 
for natural zeolites were, in decreasing order by tonnage, animal 
feed, pet litter, odor control, water purification, gas absorbent 
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(and air filtration), wastewater cleanup, fertilizer, desiccant, 
оп absorbent, aquaculture, fungicide or pesticide carrier, 

and catalyst. Animal feed, odor control, pet litter, and water 
purification applications accounted for more than 70% of the 
domestic sales tonnage. 

Increased sales of natural zeolites were reported for 
aquaculture, catalyst, desiccant, gas absorbent, pet litter, 
soil amendments, and water purification. The largest 
tonnage increases in sales were for odor control and pet 
litter applications. Sales for nuclear waste cleanup increased 
significantly because of a remediation project at a former 
nuclear fuel reprocessing facility in West Valley, NY. Bear 
River Zeolite reported that it provided almost 2,000 t of 
zeolite for the project. The zeolite was placed in a trench 
to contain strontium-90 (a radioactive isotope of strontium 
that is a byproduct of nuclear reactions) in groundwater that 
was migrating away from the former nuclear processing site. 
The purpose of the zeolites was to filter out the strontium-90 
while allowing groundwater to pass through the trench wall 
(O’Driscoll, 2010; Bear River Zeolite Co., Inc., 2011). 

Sales of natural zeolites declined for animal feed, fertilizer, 
fungicide and pesticide carriers, odor control, oil absorbent, and 
wastewater treatment applications. The largest tonnage decline 
was in animal feed use. 


Prices 


Prices for natural zeolites vary with zeolite content and 
processing. Unit values, obtained through the U.S. Geological 
Survey canvass of domestic zeolite producers, ranged from 
$40 to $900 per metric ton. The bulk of the tonnage sold was 
between $99 and $170 per ton, which was typical of large, 
bulk shipments. Eyde (2010) reported that the average price for 
clinoptilolite granules was about $145 per ton and that modified 
clinoptilolite and activated chabazite products sold for as much 
as $8 per kilogram. For such products as fish tank media, odor 
control, or pet litter applications, prices ranged from $0.50 
to $4.50 per kilogram. Quoted prices should be used only as 
a guideline because actual prices depend on the terms of the 
contract between seller and buyer. 


Foreign Trade 


Comprehensive trade data were not available for natural 
zeolites. In 2010, exports of natural zeolites (other than 
gem-quality specimens) were estimated to be less than 400 t, 
and imports were estimated to be less than 150 t. The bulk of the 
U.S. zeolite trade was in synthetic zeolite products. 


World Review 


World production of natural zeolites was in the range of 2.8 to 
3.3 Mt in 2010 based on reported production by some countries, 
world market trends, and production estimates published in 
trade journals. World production probably declined slightly in 
2010 because sales to pozzolanic cement markets were likely to 
have been affected by the recent recession. 

Natural zeolite production data were not available for most 
countries. Countries mining large tonnages of zeolites typically 
use them in low-value applications. The ready availability of 
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zeolite-rich rock at low cost and the shortage of competing 
minerals and rocks were probably the most important factors fr 
its large-scale use. It was also likely that a significant реге 
of the material sold as zeolites in some countries was ground 
or sawn volcanic tuff that contained only a small amount of 
zeolites. Some examples of such usage are dimension stone 
(as an altered volcanic tuff), lightweight aggregate, рохои 
cement, and soil conditioners. 

Estimates for individual countries were: China (including 
pozzolanic cement applications), 1.7 to 2.2 Mt; Jordan (телі) 
all for pozzolanic applications), 380,000 to 430,000 t; the 
Republic of Korea, 235,000 t; Turkey, 150,000 t (excluding 
pozzolanic cement applications); Japan (including pozzolanc | 
cement applications), 130,000 to 150,000 t; Slovakia, 80,001 
the United States, 61,300 t; Cuba, 27,000 t; Hungary, 200000 — 
25,000 t; Ukraine (including pozzolanic cement applications) 
15,000 to 35,000 t; New Zealand, 22,000 t; Bulgaria (excluding 
pozzolanic cement applications), 17,000 t; South Africa, 10,000 
to 15,000 t; Australia, Russia, and Spain, 5,000 to 10,000 tead; 
Canada, Greece, Italy, and the Philippines, 3,000 to §,000 t each 
Mexico, 1,000 t; and Indonesia (excluding pozzolanic cement 
applications), 400 to 500 t. Small amounts of natural zeolites 
(probably less than 1,000 to 2,000 t) also were produced in 
Argentina, Armenia, Georgia, Germany (excluding pozzolant 
cement applications), Serbia, and Slovenia. 


Outlook 


U.S. production and sales of natural zeolites increased slightly 
in 2010 from those of 2009. The annual rate of increase m US. 
consumption of natural zeolites was lower between 2006 and 
2010 than in most of the prior 20 years, but it still increase 
slightly each year. Annual growth of 1% to 3% is likely to 
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ZINC 
By Amy C. Tolcin 


Domestic survey data and tables were prepared by Hodan A. Fatah, statistical assistant, and the world production tables 


were prepared by Lisa A. Miller, international data coordinator. 


In 2010, U.S. production of recoverable zinc was 723,000 
metric tons (t), a slight increase from that of 2009 (table 1). The 
value of domestic mine production was approximately $1.62 
billion. Alaska continued to be the dominant zinc-producing 
State, accounting for 8796 of recoverable production. Zinc was 
also produced from mines in Idaho, Missouri, and Tennessee. 
Domestic exports of zinc contained in ores and concentrate 
decreased by 4% to 752,000 t in 2010 and were predominantly 
sent to Canada (19%), Japan (18%), the Republic of Korea 
(1796), and Spain (1596) (table 7). Imports for consumption of 
zinc contained in ores and concentrates decreased by 57% to 
32,200 t from those in 2009. Total U.S. refined zinc production 
in 2010 was estimated to have increased by 22% to 249,000 t. 
Imports of refined zinc in 2010 decreased slightly to 671,000 t. 
Refined zinc was imported primarily from Canada (75%), Mexico 
(1296), Spain (6%), and Peru (496). Domestic exports of refined 
zinc increased by 1,240 t to 4,200 t in 2010. Globally, zinc mine 
production increased by 696 to 12 million metric tons (Mt); zinc 
metal production increased by 13% to 12.7 Mt (tables 10, 11). 


Legislative and Government Programs 


А U.S. stockpile of zinc has been maintained since 1967 
for national defense purposes. In 1992, Public Law 102-484, 
which authorized the disposal of the entire inventory of zinc 
from the National Defense Stockpile (NDS), was signed. The 
Defense Logistics Agency, DLA Strategic Materials (formerly 
Defense National Stockpile Center), which maintains the NDS, 
was authorized to sell 7,710 t of zinc during fiscal year 2010 
(October 1, 2009, to September 30, 2010; actual quantity sold 
would be limited to remaining inventory). However, there 
were no sales of zinc during the fiscal year; sales of zinc from 
the NDS have been suspended since August 2008 owing to 
concerns regarding domestic availability and access to various 
raw materials. The Department of Defense (DOD) submitted an 
initial report to Congress in August 2006, which recommended a 
more detailed review of the current stockpile disposal policy and 
to determine whether the NDS could assure future availability 
of materials for defense needs considering current world market 
conditions. In August, the Secretary of Defense submitted a 
report outlining several strategies the DOD can undertake to 
mitigate possible disruptions to material supplies, including 
Strategic sourcing, partnerships with foreign nations, and 
traditional stockpiling (U.S. Department of Defense, 2009, p. 8, 
38; 2011, p. 2, 6). 


Environment and Health 


Zinc is an important micronutrient for human health by 
helping to maintain proper enzyme activity. Diarrhea, caused 
by contaminated drinking water and poor sanitation, causes 
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the death of approximately 1.5 million children per year and is 
the second leading cause of death among children under five. 
Zinc supplements, in conjunction with ога] rehydration salts, 
have been recommended for the treatment of acute diarrhea 

by the World Health Organization since 2004. In 2009, the 
Clinton Global Initiative, the International Zinc Association, 
and UNICEF partnered together to create the “Zinc Saves Kids" 
program in an effort to eliminate zinc deficiency in developing 
countries. Since the creation of the initiative, about 50 countries 
have adopted new policies to include zinc supplementation in 
child health management. 

The “HarvestZinc Fertilizer Project” was developed in 2008 
under the support of several fertilizer and zinc associations to 
test the use of zinc fertilizers on rice and wheat crops to increase 
crop yield and correct zinc-deficient soils. The initial phase 
of the project, which included identifying the zinc fertilizers 
and application times that would lead to the greatest zinc 
accumulation in grain, was to be completed in 2011. 


Production 


Mine.—In 2010, zinc was produced in four States, with 
Alaska as the leading zinc-producing State. Other 
zinc-producing States were Idaho, Missouri, and Tennessee. 
Domestic mine production of recoverable zinc in 2010 was 
723,000 t, a slight increase from that of 2009. A decrease in 
production in Alaska was offset by an increase in Tennessee 
owing to the continued ramp up at Nyrstar NV’s (Balen. | 
Belgium) East Tennessee and Middle Tennessee zinc mining 
complexes. Domestic mine production data were collected 
by the U.S. Geological Survey (U SGS) from a base-metal 
voluntary survey of lode-mine production. Four companies 
responded monthly, accounting for 100% of U.S. zinc mine 
production. 

Alaska.—Teck Alaska Inc. (a subsidiary of Teck Resources 
Ltd., Vancouver, British Columbia, Canada) operated the open 
pit Red Dog zinc-lead mine in the Northwest Arctic Borough 
under a royalty agreement with NANA Regional Corporation 
Inc., an Alaskan Native-owned corporation. 

Zinc in concentrate production at Red Dog decre 9 
in 2010 from that of 2009 to 538,000 t Du to и ii 
feed grades. In 2010, approximately 28% of Red Dog's zinc 
concentrates were refined at Teck's metallurgical complex at 
Trail, British Columbia, Canada. Remaining concentrates were 
sent to Asia and Europe. Reported ore reserves at yearend 2010 
totaled 55.3 Mt averaging 15.996 zinc. Zinc in concentrate 
production in 2011 was projected to total 255,000 t (Teck 
Resources Ltd., 2011a, p. 34; b, p. 23, 31). 

In January, Teck received the necessary permitting from the 
U.S. Environmental Protection Agency to develop the Aqqaluk 
Deposit at Red Dog. Pit development commenced in May, 
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and the first ore from the deposit was processed in August. 
Teck's operating plan was to continue mining the Main Pit until 
mid-201]. During this time, the ore will be supplemented with 
ore from Aqqaluk to maintain efficient production rates (Teck 
Resources Ltd., 2011b, p. 22-23). 

Hecla Mining Co.'s (Coeur d’Alene, ID) underground Greens 
Creek Mine 1$ a polymetallic (silver-zinc-gold-lead) massive 
sulfide deposit located on Admiralty Island in the Tongass 
National Forest near Juneau. Products included gold and silver 
dore, as well as lead and zinc concentrates, which were sold 
to smelters globally. In 2010, zinc in concentrate production 
increased by 6% from that of 2009 to 67,600 t. Reserves at 
yearend were 7.48 Mt grading 9.396 zinc (Hecla Mining Co., 
2011a, p. 12). 

Historically, Greens Creek was completely powered by diesel 
generators located onsite. In 2006, necessary infrastructure was 
completed to allow surplus hydroelectric power supplied by 
Alaska Electric Light and Power Co. to reach Greens Creek's 
facilities. During 2009 and 2010, the mine sourced an increasing 
amount of its power from hydroelectricity. The project reduced 
Greens Creek's production costs, which were significantly 
affected by diesel fuel prices in the past few years (Hecla 
Mining Co., 2011b, p. 12). 

Idaho.—Hecla Mining operated the Lucky Friday Mine, 
an underground silver-lead-zinc mine in the Coeur d'Alene 
Mining District in northern Idaho. Products included silver-lead 
concentrate and zinc concentrate. All concentrates in 2010 were 
sent to Teck's facility at Trail for processing. Zinc in concentrate 
production at Lucky Friday decreased by 1396 in 2010 from 
that of 2009 to 8,420 t. At yearend, reserves measured 2.89 Mt 
grading 2.996 zinc (Hecla Mining Co., 2011b, p. 16). 

During 2010, Hecla Mining continued early-stage 
development of an internal shaft (“#4 Shaft") that would provide 
access to ore-grade mineralization deeper than the current 
mining level and extend Lucky Friday's mine life. The company 
expected full project approval in mid-2011. Production levels at 
Lucky Friday may be affected as development for the new shaft 
would take place in the current production shaft (“Silver Shaft") 
(Hecla Mining Co., 2011a, p. 7). 

Missouri.—Doe Run Resources Corp. (St. Louis, MO) 
operated a series of production shafts that run along the 
Viburnum Trend lead-zinc-copper ore body in southeast 
Missouri. Doe Run processed the ore at four mills to produce 
primarily lead concentrates and to a lesser extent, zinc and 
copper concentrates. 

Tennessee.—In 2009, Nyrstar acquired the Middle Tennessee 
zinc mine complex from Strategic Resource Acquisition Corp. 
(Toronto, Ontario, Canada) and the East Tennessee zinc mine 
complex from Glencore International AG (Baar, Switzerland). 
The mine acquisitions were part of Nyrstar's strategy to 
increase its vertical integration with the intention of sourcing 
5096 of its raw material needs internally. The East Tennessee 
mine complex (the Coy, Immel, and Young Mines) produced 
50,000 t of zinc in concentrate in 2010 and was operating at 
full capacity by the third quarter. The Middle Tennessee mine 
complex (the Cumberland, Elmwood, and Gordonsville Mines) 
produced 13,000 t of zinc in concentrate during the year and was 
operating at 3596 of production capacity by yearend. Nyrstar 
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expected the mines to reach full production capacity [130,000 
metric tons per year (t/yr) of zinc in concentrate for both 
complexes] in early 2011. The concentrate from the Tennesse 
mines would provide 100% of the feedstock requirements 
at Nyrstar's Clarksville, TN, zinc refinery. Reserves for йе 
Tennessee mines totaled 5.1 Mt at 3.396 zinc (Nyrstar NV, 
2011a, p. 22; b, p. 13). 

Smelter.—Domestic metal production data were collected by 
the USGS from a voluntary survey of zinc metal and compounds 
production. Domestic zinc metal production data were partially 
estimated based on publicly available information to protect 
company proprietary data. In 2010, refined zinc was mainly 
produced in two States—Pennsylvania (Horsehead Holding 
Corp.’s Monaca facility) and Tennessee (Nyrstar’s Clarksville 
facility). Refined zinc was also produced to a lesser extent by 
U.S. Zinc’s (owned by Votarantim Metais, Sao Paulo, Brazil) 
recycling operations in Coldwater, MI, and Houston, TX. 
Estimated refined zinc production in 2010 was 249,000 

Primary.—Nyrstar’s Clarksville electrolytic zine refinery 
was the only primary zinc smelter in the United States. Produ 
included Special High Grade (SHG) zinc metal and galvanizing 
alloys as well as a number of byproducts including cadmium 
metal, intermediate copper cementate, leach product, ѕупіћек 
gypsum, and sulfuric acid. Refined zinc production in 2010 
increased by 28% from that of 2009 to 120,000 t. The smelter 
operated at full production capacity the entire year compared 
with production in 2009 when the smelter operated at reduced 
levels in the first half of the year in response to the downturn! 
the zinc market. The zinc recovery rate also improved owing 
the inclusion of the Tennessee mines’ concentrates, which area 
higher grade of zinc compared with other concentrates Рав 
been treated by the refinery іп the past (Nyrstar NV, 20110, 

‚ 14-15). - 
i Бе: TETE produced zinc mela print 
Prime Western Grade (PW) and to a icr ай 
Special High Grade (SSHG)—and zinc oxide at 1$. 
кар (гі zinc ку (159,000 t/yr capacity) in Mor? 
The PW zinc was sold to hot-dip galvanizers i cit 
manufacturers, and the SSH G zinc was ye S er овы 
production of high-purity zinc alloys anc p° iv of secondi 
for the metal production was composed ET Horseheads 
materials; 73% of the feedstock was source ons and 
electric arc furnace (EA F) dust Е is sourced from 
balance was composed of dross idi а were soure 
hot-dip galvanizers. Other zinc-beariné ™ БАЕ dustisa Ws 
from the alloying, brass, and zinc industr le cit arc fumi 
product recovered from the air flow juxta contains 180 
during the steel recycling process an Pin 29) 

20% zinc (Horsehead Holding Corp. | (Sii 


ate 
ids 'cility, Horsehead opere. 
In айбор ee Sioa аа recycling operations 


other facilities, including fiv T: 
located in Barnwell, SC; Beaumont, NAS 
Palmerton, PA; and Rockwood, s ја OK In 2010, 
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production. The new 14 y tal EA 
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t/yr of EAF dust, increasing the company 
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processing capacity by 31% to 699,000 t/yr (Horsehead Holding 
eee Corp., 201 1a, р. 8, 25). 
b ih In 2010, Horsehead recycled 498,000 t of EAF dust compared 
“with 373,000 t in 2009. The company attributed the processing 
кї rate increase to its acquisition of additional EAF dust sourcing 
ah contracts and an increase in domestic steel production. Zinc 

‚ production at Monaca totaled 112,000 t, a 1796 increase from 

*3 production in 2009 (Horsehead Holding Corp., 2011a, p. 8; b). 
90: Small quantities of secondary refined zinc were also produced 
[т at U.S. Zinc's operations in Coldwater and Houston. The 
ke facilities produced PW grade and continuous galvanizing grade 
тїз zinc metal primarily from galvanizing residues, such as dross 
шї and skimmings. 
wei 


а Consumption 


Il rw 


| ар 
lon Reported U.S. zinc consumption in 2010 was 358,000 t, 


Wd representing 39% of domestic apparent consumption. Domestic 

.,.,, apparent consumption of zinc in 2010 was 907,000 t, a slight 

M increase from apparent consumption in 2009. Reported slab zinc 

=" consumption data were collected by the USGS from a voluntary 

(82 survey on zinc consumption by grade and end use. Changes in 

м zinc consumption usually follow trends іп industrial production 

54“ or more generally, global economic growth. Global economic 

B activity expanded during 2010, albeit at a sluggish pace. The rate 

it: of economic growth in the United States and Japan was slower 

XC! than that of Europe and the major emerging economies—most 

WË notably Brazil, China, and India. The principal use for zinc is for 

б? galvanizing, in which a zinc coating is applied to steel to prevent 

#2 corrosion. Galvanized steel is used extensively in the automotive 

52 industry (for example, the vehicle autobody) and in the construction 

и’ industry (for example, transmission towers, and transportation 

б infrastructure). The American Iron and Steel Institute (2011, p. 33) 
reported that domestic shipments of galvanized steel in 2010 were 

(2 122 Mt, a 46% increase from those of 2009. 

4^ Тһе next leading end use for zinc is brass and bronze. 

8: According to the Copper Development Association (2011, 

& р. 16), the amount of zinc consumed domestically by brass 

я mills, copper ingot makers, and copper foundries was 

(7 210,000 t, a 3% decrease from the amount consumed in 2009. 

Е Other end uses for zinc include—in descending order by 

22 quantity—zinc-base alloys for diecasting, chemicals, and zinc 

% semimanufactures. 
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4 The annual average London Metal Exchange, Ltd. (LME) 

cash price for ЗНС zinc in 2010 increased by 31% from that 

f of 2009 to $2,160.31 per metric ton (97.99 cents per pound). 

The LME cash price for SHG zinc averaged $1.10 per pound 
r in January, decreased to 79 cents per pound by midyear, and 

then increased to $1.08 per pound by October. The December 
7? average price declined to $1.03 per pound. The annual average 
7 Platts North American producer price for SHG zinc їп 2010, 

| Which was based on the LME cash price plus premium, was 

| $1 02 per pound. Monthly average North American SHG 

' premiums began the year at nearly 2.87 cents per pound and 

| rose to nearly 5.03 cents per pound by yearend. 


; 


_ ZINC—2010 
| 


Commodity exchange inventories [LME and the Shanghai 
Futures Exchange (SHFE)] totaled 1.01 Mt of zinc at yearend. 
Stocks of SHG zinc in global LME warehouses totaled 701,425 
t at the close of the year, a 4396 increase from the closing stock 
level in 2009. Much of this increase was attributed to increases 
in zinc inventories at warehouses in Malaysia and the United 
States—mainly, New Orleans, LA. At yearend, U.S. warehouses 
held 7396 of LME stocks. At yearend 2010, the SHFE held 
309,000 t of zinc, an 80% increase from that of 2009. 


World Review 


Global zinc mine production increased by 6% in 2010 from 
that of 2009 to approximately 12 Mt (table 10). Production 
increases in Australia, China, and Mexico more than offset 
substantial decreases in Canada, Ireland, and Peru. China 
(31% share of global production), Australia (12%), and Peru 
(12%) were the three leading producers of zinc in concentrate 
in 2010. Global zinc mine capacity increased by 481,000 t by 
yearend. Most of the net increase in capacity was as a result of 
mine reopenings, including Glencore's Iscaycruz Mine in Peru, 
Mungana Goldmine's Mungana Mine in Australia, and Nyrstar's 
Tennessee Mines. Ап expansion of the Jingding Zinc's Lanping 
Mine in China also significantly contributed to the capacity 
increase. There were no significant mine closures in 2010 
(International Lead and Zinc Study Group, 2011b, p. 6). 

Global zinc metal production increased 1394 in 2010 from 
that of 2009 to 12.7 Mt (table 11) owing to the reversal of many 
production cutbacks at smelters that took place in 2009 owing 
to deteriorating market conditions. China (4176 share of global 
production), the Republic of Korea (676), Canada (594), India 
(5%), and Japan (5%) were the leading producers of refined zinc 
metal in 2010. 

According to ILZSG, zinc consumption increased 1695 in 
2010 from that of 2009 to 12.5 Mt owing to a recovery from 
the economic crisis. Significantly contributing to the year-on- 
year increase was continued growth in China leading to a 1394 
consumption increase and a recovery in Europe that resulted in a 


29% increase in zinc consumption (International Lead i 
and Z 
Study Group, 2011c). = 


Outlook 


ILZSG forecast zinc consumption in 2011 to increase by 2% 
from that in 2010 to 12.85 Mt. China's apparent consumption 
was expected to increase a modest 2% as a result of a destockin 
of unreported inventories. Europe's consumption was forecast i 
to increase by 396. Notable increases in consumption were also 
expected in Brazil, India, and Turkey (International Lead and 
Zinc Study Group, 201 1a). 

World mine production was expected to increase by 494 in 
2011 to 12.8 Mt owing to increased production in China, India 
Kazakhstan, Mexico, and Russia, despite declines predicted m 
Australia and Peru. Refined metal production was expected to 
increase by 3% to 13.2 Mt owing to increases in China, India 
and the Republic of Korea. Overall, the zinc metal market in | 
2011 was forecast to remain in a substantial surplus of 317,000 t 
followed by smaller surplus in 2012 (International Lead and 
Zinc Study Group, 201 1a). 
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TABLE І 
SALIENT ZINC STATISTICS! 
United States: 
Production: 
Domestic ores, contained zinc metric tons 727,000 803,000 778,000 736,000 748,000 
Domestic ores, recoverable zinc do. 699,000 769,000 748,000 710,000 723,000 
Value, recoverable zinc thousands $2,450,000 $2,620,000 $1,470,000 $1,220,000 $1,620,000 
Refined zinc: 
At primary smelters metric tons 113,000 121,000 125,000 94,000 120,000 
At secondary smelters? do. 156,000 157,000 161,000 109,000 129,000 
Total . do. 269,000 278,000 286,000 203,000 249,000 
Exports: 
Ores and concentrates, zinc content do. 825,000 816,000 725,000 785,000 752,000 
Refined (slab) zinc do. 2,530 8,070 3,250 2,960 4,200 
Zinc plates, sheets, strip, and foil do. 3,780 4,310 4,970 6,160 7,380 
Imports for consumption: 
Ores and concentrates, zinc content do. 383,000 271,000 63,200 74,200 32,200 
Refined (slab) zinc do. 895,000 758,000 725,000 686,000 671,000 
Zinc plates, sheets, strip, and foil . do. 2,050 2,160 3,330 3,010 3,440 
Reported stocks of slab zinc, December 31: 
Producer and consumer do. 60,000 55,000 56,000 49,000 57,600 
Govemment stockpile do. 15,300 7,730 7,490 7,490 7,490 
Consumption, refined zinc: 
Reported do. 501,000 436,000 370,000 306,000 475,000 
Apparent? do. 1,190,000 1,040,000 1,010,000 893,000 907,000 
Price? 
North American cents per pound 158.89 154.40 88.93 77.91 101.98 
London Metal Exchange, cash до. 148.53 147.03 85.01 75.06 97.99 
World production: 
Mine thousand metric tons 10,300 11,000 11,700 ' 11,400 ' 12,000 
ш до. 10,800 11,400 11,700 11,300 " 12,700 * 
Estimated. ‘Revised. do. Ditto. 
"Рана are rounded to no more than three significant digits, except prices; may not add to totals shown. 
"Domestic production plus net imports, plus adjustments for Government and industry stock changes. 
"Special High Grade. Source: Platts Metals Week. 
TABLE 2 
MINE PRODUCTION OF RECOVERABLE ZINC 
IN THE UNITED STATES, BY STATE! 
(Metric tons) 
State 2009 2010 
Alaska” 661,000 628,000 
Other 49,600 ? 94,400 ^ 
Total ЕЕ 710,000 723,000 
Data are rounded to no more than three significant digits; may not add 
to totals shown. 
?Data based, in part, on publicly available information. 
3Includes production from Idaho, Missouri, Montana, Tennessee, and 
Washington. 
*Includes production from Idaho, Missouri, and Tennessee. 
ZINC—2010 
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TABLE 3 
LEADING ZINC-PRODUCING MINES IN THE UNITED STATES IN 2010, IN ORDER OF OUTPUT' 


Rank Mine County and State Operator Source of zinc 
1 Red Dog Northwest Arctic, AK Teck Alaska Inc. Zinc-lead ore. 
2 Greens Creek Juneau, AK Hecla Mining Co. Zinc-silver ore. 
3 East Tennessee Zinc Complex? Jefferson and Knox, TN Nyrstar NV Zinc ore. 

4 Middle Tennessee Zinc Complex! Smith, TN do. Do. 

5 Brushy Creek Reynolds, MO Doe Run Resources Corp. Lead ore. 
6 Lucky Friday Shoshone, ID Hecla Mining Co. Silver ore. 
7 Buick Iron, MO Doe Run Resources Corp. Lead ore. 
8 Fletcher Reynolds, MO do. Do. 

9 Viburnum (#29 and #35) Washington and Iron, MO do. Do. 

10 Sweetwater Reynolds, MO do. | Do. 
Do., do. Ditto. 


'The mines on this list accounted for more than 99% of recoverable U.S. zinc mine production in 2010. 
Coy, Immel, and Young Mines. 
3Cumberland, Elmwood, and Gordonsville Mines. 


TABLE 4 
REPORTED PRODUCTION OF ZINC PRODUCTS 


FROM ZINC-BASE SCRAP IN THE UNITED STATES! 


(Metric tons) 

Products 2009 2010 
Redistilled slab zinc 115,000 130,000 
Other zinc metal products? 1,540 2,190 
Zinc in chemical products W W 
Zinc dust 22,200 22,400 


W Withheld to avoid disclosing company proprietary data. 
'Data are rounded to no more than three significant digits. 
?Includes electrogalvanizing anodes, remelt die-cast slab, 
and other metal alloys. 
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2010 


90,700 
117,000 
123 
208,000 


114,000 
7,800 
652 

14 
123,000 
331,000 


ТАВГЕ 5 
ZINC RECOVERED FROM SCRAP PROCESSED IN THE UNITED 
STATES, BY ТҮРЕ OF SCRAP! 
(Metric tons) 
2009 
Type of scrap: 
New scrap: 
Zinc-base 82,900 
Copper-base 111,000 
Magnesium-base 100 
Total 194,000 
Old scrap: 
— Zincbase —— Қ (0 70,000 
Copper-base 8,290 ' 
iu Aluminum-base 533 г 
Magnesium-base __ — 14 
Total 78,900 ' 
Grandtotal — 273,000 
"Revised. 


'Data are rounded to no more than three significant digits; may not add 


to totals shown. 


TABLE 6 


U.S. REPORTED CONSUMPTION OF ZINC IN 2010, BY INDUSTRY USE AND GRADE! 


(Metric tons) 


Special Continuous 
High High Galvanizing | Controlled 
Industry use Grade Grade Grade Lead Grade 

Galvanizing 105,000 86,900 120,000 718 
Zinc-base alloys | 34,900 169 -- Rs 
Brass and bronze 40,800 4,860 -- -- 
Other 24,100 40 -- -- 

Total 205,000 91,900 120,000 718 
-- Zero. 


Prime 
Western 
56,200 
223 
110 
56,500 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


Remelt 


and other 


grades 
91 


== 


875 
966 


Total 
369,000 
35,000 
45,800 
25,100 
475,000 


84.7 


Australia 
Belgium 
Canada 
China 
Costa Rica 
Denmark 
Е Salvador 
Finland 
France 


Germany 

India 

Israel 

Italy 

Japan 

Korea, Republic of | 
Mexico 


Panama 


Singapore 

Spain 

Suriname 

United Kingdom 
Total 

-- Zero. 


TABLE 7 
U.S. EXPORTS OF ZINC ORES AND CONCENTRATES, BY COUNTRY! 


2009 
Quantity 
(metric tons, Value 
zinc content) (thousands) 
27,400 $19,500 
27,400 25,600 
226,000 151,000 
44,900 43,900 
5 3 
3 12 
26,500 26,600 
6,090 4,330 
104 90 
42,700 40,500 
79,600 59,600 
189,000 167,000 
12 15 
(2) 3 
116,000 118,000 
] 4 
46 26 
785,000 656,000 


2010 
Quantity 
(metric tons, Value 

zinc content) (thousands) 
48,800 $61,800 
33,500 39,000 
146,000 192,000 
60,300 79,800 
2 15 
5 18 
32,500 39,500 
3 14 
33,300 37,400 
190 108 
12,200 13,500 
139,000 154,000 
130,000 142,000 
(2) 4 
4 22 
62 168 
116,000 143,000 
51 29 
752,000 903,000 


"Рата are rounded to no more than three significant digits; may not add to totals shown. 


?Less than '4 unit. 


Source: U.S. Census Bureau. 


TABLE 8 
U.S. EXPORTS OF ZINC COMPOUNDS! 


2009 2010 
Quantity Quantity 

(metric tons, Value (metric tons, Value 

gross weight) (thousands) gross weight) (thousands) 
ao ы ёсе „сг. OSS № 
Chromates of zinc or of lead 56 $293 35 $362 
Lithopone 666 3,000 725 3,350 
DEP INASRE M DE NC аа ыз 
Zinc chloride 1,800 2,750 1,930 2,950 
Zinc oxide 17,300 31,100 16,700 36,700 
————————— 1120090 22,00 16/00 MX 277 
Zinc sulfate 1,030 1,610 1,870 2,360 
——————————. 100 10 180 2 
Zinc sulfide 4,510 8,720 5,600 7,950 
ое 
"Раја are rounded to no more than three significant digits. 
Source: U.S. Census Bureau. 
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TABLE 9 
U.S. IMPORTS FOR CONSUMPTION OF ZINC COMPOUNDS! 


2009 


Quantity 

(metric tons, 

gross weight) 
Chromates of zinc or of lead 32 
Lithopone 1,550 
Zinc chloride 249 
Zinc oxide 69,200 
Zinc sulfate 31,700 
Zinc sulfide 1,570 


Value 
(thousands) 
$101 
1,520 
964 
98,500 
23,000 
2,990 


'Data are rounded to no more than three significant digits. 


Source: U.S. Census Bureau. 


2010 
Quantity 
(metric tons, 
gross weight) 
168 
1,300 
405 
94,300 
37,500 
2,570 


Value 
(thousands) 
$701 
1,560 
1,290 
185,000 
32,300 
4,770 
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TABLE 10 


ZINC: WORLD MINE PRODUCTION, BY COUNTRY"? 


(Metric tons, zinc content of concentrate and direct shipping, unless otherwise specified) 


Country 2006 2007 2008 2009 2010 
Algeria 572 45 pe 23 И 
Argentina 29,808 27,025 30,349 31,869 ' 30,000 * 
Armenia 2,932 2,585 4,200 3,800 ' 7,900 
Australia 1,362,000 1,514,000 1,519,000 1,290,000 ` 1,479,000 
Bolivia 172,747 214,053 383,619 ' 430,879 ' 411,09 
Bosnia and Herzegovina" 500 ' 2,600 ' 4,700 ' 3,400 ' 4,000 
Brazil 185,211 193,887 173,933 169,000 ' 175,000 
Bulgaria 13,500 ' 12,200 ' 10,600 ' 10,700 ' 10,000 ° 
Burma 8,000 ' 10,000 ' 7,000 ' 6,000 ' 7,000 
Canada 637,956 630,485 ' 750,502 ' 698,901 648,905? 
Chile 36,238 36,453 40,519 27,801 27,662 
China 2,840,000 3,040,000 3,340,000 ' 3,330,000 ' 3,700,000 
Congo (Kinshasa) 16,831 18,500 13,523 ' 12,843 ' 9,223 
Finland 35,700 38,900 27,800 30,233 55,562 
Greece 16,414 19,549 22,694 18,126 19,976 
Guatemala 6,000 20,000 14,000 - = 
Honduras 37,646 29211 28,462 36,370 33,839 
India 501,700 538,900 613,600 695,000 700,000 
Iran 164,000 100,000 69,267 *? 80,000 ' 100,000 
Ireland 425,756 400,898 398,158 385,670 342,434 
Japan 7,169 -- -- = 7 
Kazakhstan 451,000 ' 457,000 ' 469,000 ' 485,000 ' 500,000 
Korea, North 67,000 ' 70,000 ' 50,000 ' 30,000 ' 40,000 
Korea, Republic of 16 2,034 ' 1,836 ' 2,221 ' 355 
Kosovo" 2,230 2,460 4,900 3,690 ЫШ 
Laos 1,100 3,000 ' 2,200 ' 3,400 ' ae 
Macedonia 11,000 24,000 29,000 35,000 ' 35,000 
Mexico 432,347 426,509 397,306 384,478 ' 518,429 
Mongolia 54,850 77,350 71,800 ' 78,800 ' 56,300 
Могоссо 95,000 57,700 96,900 48,600 ' 61,900 
Namibia? 55,455 46,335 38,319 48,856 ' a 
Pakistan -- -- БЕ l 
Peru 1,203,364 1,444,381 1,602,597 1,509,129 s 
Philippines T 7,394 ' 1,619 10,035 % 
Poland 126,600 ' 129,600 ' 132,400 ' 115,500 ' Pu 
Portugal 7,505 24,380 39,254 501 C 
Romania 8,052 1,000 es А 269,000 
Russia® 190,000 185,000 204,000 225,000 я 500° 
Saudi Arabia 983 716 3,663 5,000 ` uh 
Serbia" 2,000 à 1,000 ы 1,000 1,009 35824 
South Africa 34,444 30,859 29,002 28,159 an 
Spain = x s uds 198,686 
Sweden 210,029 214,576 188,048 192,538 2409 
Thailand 32,100 32,921 17,811 34,000 | x 
Turkey 59,000 71,000 73,000 78,009 748,000 
United States 727,000 803,000 778,000 736,000 | 45,000 
Vietnam® 45,000 45,600 ' 456007 —— Eu -— 00000) _ 
Total 10,300,000 11,000,000 11,700,000 — I140000  — N 
"Estimated. "Preliminary. "Revised. -- Zero. 
| Ес NR t add to totals shown. 
World totals, U.S. data, and estimated data are rounded to no more than three significant digits; тау no 
; | | 0 
Table includes data available through July 7, 2011. к" yEARBOOK™ 
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TABLE 10—Continued 
ZINC: WORLD MINE PRODUCTION, BY COUNTRY? 
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fed) МЕЕ БЕУ 
"Reported figure. 
sii ^On February 17, 2008, the Kosovo Assembly declared independence from Serbia. 
2. ‘Does not include ores sent to solvent extraction-electrowinning plant. 
UE E 
iy 
Ni 
Du TABLE 11 
M ZINC: WORLD SMELTER PRODUCTION, BY COUNTRY"? 
uil 
ii (Metric tons) 
(io с ышы 
з Country’ 2006 2007 2008 2009 2010° 
“i Algeria, primary EXE 30,000 30,000 30,000 30,000 30,000 
" Argentina: ET 
Т Primary m 42,584 42,876 39,479 32,989 ' 40,000 
B _ Secondary 3,407 3,430 3,158 2,639 ' 3,000 
| Total 45,99] 46,306 42,637 35,628 ' 43,000 
_ Australia: 
ara Primary’ mE 463,000 502,000 499,000 525,000 499,000 2 
4 Secondary m 6,000 6,000 6,000 6,000 6,000 
И Total m 469,000 508,000 505,000 531,000 505,000 ? 
ТЕ Belgium, primary 251,000 241,000 251,000 26,000 260,000 
қ Brazil, primary 272,311 265,126 248,874 250,000 * 250,000 
"ДК Bulgaria, primary and secondary 95,341 99,992 99,699 ' 92,676" 88,000 ? 
ш Canada, primary 824,464 802,103 764,312 685,504 691,222 P? 
| China, primary and зесопдагу“ Еа 3,170,000 3,740,000 4,000,000 4,280,000 ' 5,160,000 
| .. Czech Republic, зесопдагу“ -! -! -! at z 
z Finland, primary 282,238 305,543 297,722 295,049 ' 307,144 ° 
T France, primary | 127,777 129,110 117,861 161,000 163,000 
T Germany, primary and secondary 342,566 294,735 292,284 153,000 ^* 165,000 
| India, primary and secondary 443,900 453,800 567,800 606,100" 684,300 ? 
| Iran? EE 140,000 90,000 60,000 ' 65,000 ' 65,000 
| Italy, primary and secondary 109,000 2 109,000 100,000 100,000 100,000 
Japan: 
л Primary __ | 504,532 495,632 ' 502,910 ' 429,165 ' 458,648 2 
Secondary ——— 148,715 143,063 ' 147,957 ' 111,439 ' 115,359 2 
| Total Е 653,247 638,695 ' 650,867 ' 540,604 ' 574,007 > 
Kazakhstan, primary and secondary 364,821 358,226 365,572" 327,873 ' 318,800 5 
Korea, North, primary and secondary PE 72,000 75,000 | 75,000 75,000 75,000 
көті, Republ of, primary _ as ion 738,000 751,179! 717,100 5 
—— ый E Зи “= 5,487 5,500 
Mexico, primary u 279,734 321,932 305,409 300,000 * 300,000 
ma - 32 m © ж = 
rlands, , , 
‚ Могугау, 2. 160,670 157,027 5. nn фак 5 
‹ Peru, primary С 175,250 162,375 190,324 149,494 | Sika 5 
j Poland primary and secondary 134,000 142,000 moe s 13 | r пити 
| = шы. à i ' ; 9,100 149,000 ? 
i Romania, primary and secondary Е 44,000 ' 58,000 ' 62,000 4,000 ^* _$ 
: ше рала and secondary 240,000 260,000 260,000 225.000 260,000 
j Serbia, primary and secondary? 15,000 ? -- i 
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TABLE 11—Continued 
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(Metric tons) 
Country" 2006 2007 2008 2009 2010" 
South Africa, primary 90,000 101,000 87,000 87,000 90,000 ° 
Spain, primary and secondary 507,440 494,090 456,050 500,776 501,000 
Thailand, primary 94,779 99,337 107,753 104,695 ' 100,000 
United States: 
Primary 113,000 121,000 125,000 94,000 120,000 ° 
Secondary" 156,000 157,000 161,000 109,000 129,000 
Total 269,000 278,000 286,000 203,000 249,000 
Uzbekistan, primary 45,000 * 71,800 70,445 40,000 * 40,000 
Grand total 10,800,000 11,400,000 11,700,000 11,300,000 * 12,700,000 
Of which: 
Primary 4,660,000 ' 4,740,000 ' 4,760,000 ' 4,330,000 ' 4,150,000 
Secondary 314,000 ' 309,000 ' 318,000 ' 230,000 ' 253,000 
Undifferentiated 5,810,000 ' 6,320,000 ' 6,630,000 ' 6,720,000 ' 7,720,000 
“Estimated. PPreliminary. ‘Revised. -- Zero. 
! World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
Wherever possible, detailed information on raw material source of output (primary—directly from ores, and secondary—from scrap) has been provided. In 


cases where raw material source is unreported and insufficient data are available to estimate the distribution of the total, that total has been left 
undifferentiated (primary and secondary). To the extent possible, this table reflects metal production at the first measurable stage of metal output. Table 
includes data available through July 7, 2011. 

3in addition to the countries listed, Israel also produces small amounts of secondary zinc, but available information is inadequate to make reliable estimates | 
of output levels. 

‘Excludes zinc dust. 

‘Reported figure. 

On February 17, 2008, the Kosovo Assembly declared independence from Serbia. 

"Special high-grade electrowon cathodes from Anglo American plc's Skorpian solvent extraction-electrowinning plant. 
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ZIRCONIUM AND HAFNIUM 
By Joseph Gambogi 


Domestic survey data and tables were prepared by Connie Lopez, statistical assistant, and the world production table was 


— y prepared by Lisa D. Miller, international data coordinator. 


Г 

wy In 2010, the global economy began to recover, and 

ws consumption of zirconium ores and concentrates increased. In 
— -tesponse to increased demand, producers revisited expansion 
,, and development programs. World production of zirconium 
" mineral concentrates in 2010, excluding U.S. production, was 
— —about 1.25 million metric tons (Mt) compared with 1.18 Mt in 


i 2009. The primary source of zirconium was the mineral zircon 
А" (71510), principally found in heavy-mineral sands. A relatively 
I^ small quantity of zirconium was derived from the mineral 
. . baddeleyite, a natural form of zirconium oxide (ZrO,) produced 
» " "from a single source at Kovdor, Russia. In 2010, the leading 
ni) producers of zircon were Australia and South Africa. Zircon 
— —was also the primary source of hafnium, where zirconium and 
hafnium are contained in zircon at a ratio of about 50 to 1. The 
ыа leading producers of zirconium and hafnium metal were France, 
тил?” Russia, and the United States. 
nd Because of improving economic conditions, U.S. production 
2:2? of milled zircon increased by 22% compared with that of 
2009. The United States remained a net exporter of zirconium 
ш37 Ore and concentrates. U.S. exports of zirconium ore and 
concentrate increased by 20%, and imports of zirconium ore and 
concentrates increased by 5996 compared with those of 2009. 
With the exception of prices and referenced data, all survey 
data in this report have been rounded to no more than three 
significant digits. Totals and percentages were calculated from 
unrounded numbers. 


Production 


Zircon is a coproduct of the mining and processing of 
heavy-mineral sands for the titanium minerals ilmenite and 
rutile. In 2010, U.S. producers of zircon were DuPont Titanium 
Technologies (DuPont) (a subsidiary of E.I. du Pont de Nemours 
& Co.) and Iluka Resources, Inc. (a wholly owned subsidiary of 
Australian company Iluka Resources Ltd.). DuPont produced 
Zircon from its heavy-mineral sands operation near Starke, FL. 
Iluka produced zircon from its heavy-mineral sands operations 
at Stony Creek, VA. 

Data for zirconium and hafnium manufactured materials 
were developed by the U.S. Geological Survey (USGS) from a 
voluntary survey of domestic operations. Of the 39 operations 
surveyed, 15 responded, representing 8596 of milled zircon 
production. Data for nonrespondents were estimated on the 
basis of prior-year levels adjusted for the effect of economic 
conditions. Domestic production of milled zircon was 46,900 
metric tons (t). Domestic production of zircon concentrate in 
2010 increased compared with that of 2009. Insufficient data 
were available to determine stocks of zircon and zirconium 
oxide as well as production of zirconium oxide (table 1). 

Data for zircon concentrates were developed from a second 
voluntary survey of domestic mining operations. The two 
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domestic zircon producers responded. Data on domestic 
production and consumption of zircon concentrates were 
withheld to avoid disclosing company proprietary data. In 
February, Iluka’s Stony Creek operations were brought to full 
production capacity after the company curtailed production 
in 2009 (Iluka Resources Ltd., 2011, p. 11). U.S. producers 
of zirconium and hafnium metal were ATI Wah Chang (an 
Allegheny Technologies, Inc. business unit) in Albany, OR, and 
Western Zirconium (a subsidiary of Westinghouse Electric Co.) 
in Ogden, UT. 

Milled zircon (flour) was produced from zircon sand 
by at least five companies, and zirconium chemicals were 
produced by about a dozen companies. Wah Chang doubled its 
reactor-grade zirconium sponge production capacity to 3,630 
metric tons per year (t/yr) (Allegheny Technologies Inc., 2011, 
p. 3). 

Industrial Minerals Corp. Ltd. (IMC) continued the 
development of its Coos Bay, OR, heavy-minerals project. 
In 2010, IMC began construction of the processing plant 
and continued its permiting process. IMC expected to begin 
producing chromite, garnet, and zircon in 2012. Estimated 
proven ore reserves at Coos Bay were 7.9 Mt with a 
heavy-mineral grade of 21.596 and zircon grade of 0.4% 
(Industrial Minerals Corp. Ltd., 2010, p. 2, 14). 


Consumption 


After decreasing significantly in 2009, global consumption 
of zircon rebounded to close to that in 2008 and was estimated 
to be 1.3 Mt in 2010 (Roskill Information Services Ltd., 

2011, p. 2). Globally, the leading end uses for zircon in 2010 
in descending order were ceramics, zirconia and chemicals, 
refractory, and foundry and casting (Roskill Information 
Services Ltd., 2011, p. 4). Zircon is also used as a natural 
gemstone and may be processed to produce cubic zirconia a 
synthetic gemstone and diamond simulant. | 

Zirconium metal is used in corrosive environments, nuclear 
fuel cladding, and various specialty alloys. The principal uses 
of hafnium were in high-temperature ceramics, nickel-base 
superalloys, nozzles for plasma arc metal cutting, and nuclear 
control rods. 

Zirconium oxide exhibits high light reflectivity and good 
thermal stability and is primarily used as an opacifier and 
pigment in glazes and colors for pottery and other ceramic 
products. Yttria-stabilized zirconia (YSZ) was used in the 
manufacture of oxygen sensors that control combustion in 
automobile engines and furnaces. YSZ was also used in the 
manufacture of a diverse array of products, including cubic 
zirconia, fiber optic connector components, refractory coatings 
and engineering and structural ceramics. YSZ was used in deni | 
applications, such as bridges, crowns, and inlays, because it i 
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has two to three times the fracture resistance and 1.4 times the 
strength of similar alumina products. 

Zircon, used for facings on foundry molds, increases 
resistance to metal penetration and gives a uniform finish 
to castings. Milled or ground zircon was used in refractory 
paints for coating the surfaces of molds. In the form of 
refractory bricks and blocks, zircon was used in furnaces and 
hearths for containing molten metals. Glass tank furnaces use 
fused-cast and bonded alumina-zirconia-silica-base refractories. 
Baddeleyite is used principally in the manufacture of 
alumina-zirconia abrasive and in ceramic colors and refractories. 

Ammonium- and potassium-zirconium carbonates were used 
as paper and board coatings or insolubilizers for high-quality 
print performance. Zirconium chemicals were also used in inks 
to promote adhesion to metals and plastics and as crosslinkers in 
polymers and printing inks. 

Because of its low thermal neutron absorption cross section, 
hafnium-free zirconium metal is used as cladding for nuclear 
fuel rod tubes. Hafnium is used in nuclear control rods 
because of its high thermal neutron absorption cross section. 
Commercial-grade zirconium, unlike nuclear grade, contains 
hafnium and is used in the chemical process industries because 
of its excellent corrosion resistance. Hafnium metal also is used 
as an alloy addition in superalloys. 


Prices 


Rising consumption caused prices of zirconium ores and 
concentrates to increase in 2010. At yearend, the published price 
range of standard grade, bulk, domestic zircon was $830 to $890 
per metric ton, up from $800 to $860 per ton at yearend 2009 
(table 2). The unit value of imports also increased slightly, and 
the import volume increased by 59%. The average unit value of 
imported zirconium ore and concentrates (primarily zircon sand) 
was $1,200 per ton in 2010. 

No published prices were available for zirconium metal. In 
2010, the average unit value of imported unwrought powder 
from France was $74.30 per kilogram, a 44% increase from 
that in 2009. The average duty-paid unit value of imported 
unwrought hafnium including sponge and powder from France 
was $453 per kilogram, a 4% decrease from that in 2009. 


Foreign Trade 


In 2010, Australia (70%) and South Africa (24%) supplied 
most of the imports of ores and concentrates, and the United 
States remained a net exporter of zirconium ore and concentrates 
(table 4). Net exports of zirconium ore and concentrates 
increased by 3% (table 3). The majority of zirconium metal was 
exported in wrought products classified as “Other zirconium” in 
the Harmonized Tariff Schedule (HTS) category 8109.90.0000. 
Imports of zirconium and hafnium metal in the HTS categories 
8109 and 8112 totaled 1,170 t and increased by 19% and 
55%, respectively, compared with those of 2009. Imports of 
germanium and zirconium oxides increased by 4%, with China 
(38%) the leading import source of oxides. Domestic imports 
of ferrozirconium alloys increased to 45 t from 0.249 t in 2009. 
China (98%) was the leading import source of ferrozirconium. 


World Review 


Excluding U.S. production, world production of zirconium 
mineral concentrates in 2010 was about 1.25 Mt, a 4% increase 
compared with revised 2009 data (table 5). Australia and 
South Africa supplied about 76% of all production outside 
the United States. The leading zircon producers were Iluka, 
Richards Bay Minerals, and Exxaro Resources Ltd. China ws 
the leading consuming country. Based on metal oxide conten, 
world reserves of zirconium were estimated to be 56 Mt. Afer 
curtailing production in 2009, in 2010 producers were moving 
to increase production and renew exploration and developmen! 
efforts. 

Australia. —Owing to improved market conditions, Iluka 
significantly increased its global production of zircon (413,00 
in 2010 compared with 263,000 t in 2009). The increase was 
largely because of the startup of its operations in the Eucla 
Basin, South Australia (151,000 t), and its operations in the 
Murray Basin, Victoria (158,000 t). Production from the Perth 


Basin, Western Australia, contributed 46,200 t to the global tol 


(Iluka Resources Ltd., 2011, p. 18-22). 

In New South Wales, Alkane Resources Ltd. continued to 
develop its Dubbo Zirconia project. In 2010, the company 
operated a demonstration pilot plant to validate the process 
flowsheet, provide data for cost estimates, and generate product 
for market evaluation. A definitive feasibility study was 
scheduled for completion in 2011. Potential products from the 
project included zirconia, zirconium basic sulfate, zirconlum 
carbonate, and zirconium hydroxide. Owing to high demand t 
rare earths, the company was also researching the recovery of 
rare-earth elements (Alkane Resources Ltd., 2011, p. 2) 

In August, the mining license for Astron Ltd. с е WR 
project was approved by the Department of Primary Indusme 
Victoria, and mine and plant designs were completed a 
the year. Ore reserves were estimated to be 305 Mt, ШҮҮ 
heavy minerals containing 19% zircon (Astron Ltd., a 

Gunson Resources Ltd. completed a definitive feasibility 
study for its Coburn heavy-minerals project in - 
Australia. Reserves of zircon іп the Coburn deposit Wer P 
estimated to be 850,000 t supporting a mine life of 122. 
with a target production rate of 40,000 t/yr (Gunson 


Ltd., 2010, p. 9). 

Matilda Zircon Ltd. continue 
heavy-minerals deposits in the Nort 
Australia. In 2010, Matilda Zircon formed an rs 
Chinese zircon consumer Tricoastal M dera 
heavy-mineral concentrate from the Tiwi Is in ein 
supply $2.5 million in loans and share jio ^ duci 
development of the Lethbridge Mine, s um "T 
in June. At yearend, the company expecte d ito proceed i 
Western Australian Minister of the Environn omes 


osit, 70 | 
the development of the Keysbrook ка мне? ; All 


of Perth. Mining at Keysbrook was | ad. 2010) 
with an 8-year mine life (Matilda Zirco research ino the 
Canada.—Titanium Corp. continued | Kr x 
recovery of bitumen, volatile organi CP «iig М 
minerals, including zircon, from mined 9 
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2010, Titanium Corp. commissioned a demonstration pilot 
nag; lant at the Canadian Government's Canmet testing facilities in 
l'ai 2evon, Alberta. Pilot studies were conducted in June through 
TM September, with additional studies planned for 2011 (Titanium 
Мың OTP.» 2010, p. 4). | Е 
иг China.—As a leading producer of ceramic tiles, steel, and 
Бш rconium chemicals, China was the leading consumer of zircon, 
n ДЕ about 40% of the total global zircon consumed (Porter, 
-—— p. ?). China led the world in production of zirconium 
iio а» with a total production capacity of 300,000 t/yr, 
``’ including 170,000 t/yr of zirconium oxychloride (ZOC), an 
ды ntermediate to many zirconium chemicals and zirconium metal. 

. [n 2010, the leading export destinations for China's ZOC were 
а арар (49%) and the United States (33%). China's production 
Шш ZOC was forecast to rise to 230,000 t by 2015 (Roskill 
Jt formation Services, 2011, p. 97.) 
dis Areva (5096) and China National Nuclear Corp. (50%) 
ви formed a joint venture called CNNC Areva Shanghai Tubing 
К САЅТ), which was expected to produce zirconium alloy 
ка tubes for fuel assemblies. The CAST facility was scheduled to 
IA begin production іп 2020 near Shanghai (World Nuclear News, 
1:55:20 10a). 

ШЙ» Indonesia.—In 2010, Matilda Zircon’s Kalimantan 

ји ћеаму-пипега! concentration plant exploration program was 

шп расе on care-and-maintenance status while focusing on its 

vias sAustralian projects. Matilda intended to reassess the Indonesian 
| 5project in 2011 (Matilda Zircon Ltd., 2010, p. 4). 

pz Kenya.—In July, Base Resources Ltd. acquired the Kwale 

фе Мега] Sands project from Vaaldiam Mining Inc. In 2010, 
quan updated definitive feasibility study was underway and was 
ду Scheduled for completion іп 2011. The company expected the 

пи Kwale operation to be in production by 2013, with a production 
qui capacity of 35,000 t/yr of zircon (Base Resources Ltd., 2011). 
ju Korea, Republic of.—The Atomic Energy of Canada 

ји Ltd. (AECL) was contracted by Korea Hydro and Nuclear 

gi Power to refurbish the CANDU 6 reactor at the Republic of 

у Korea's Wolsong 1 nuclear powerplant. Under the terms of the 
aii Contract, AECL completed the removal and replacement of 380 

of calandria tubes, pressure tubes, and end fittings. A calandria is 
" constructeed like a shell-and-tube heat exchanger. Fuel channels 
ні consist of an inner pressure tube, which contains the fuel bundle 
' and the heavy water primary coolant, and an outer calandria 

uf tube. Each calandria tube is made of zirconium alloy and is 

РА approximately 6 meters long and 13 centimeters in diameter. 

? р CANDU reactors were designed to undergo refurbishment after 
„у approximately 25 years of operation (World Nuclear News, 
№. 20105). 
Mozambique.—Kenmare Resources plc was ramping up 
E production at its Moma heavy-minerals operation. Zircon 
ў production at Мота in 2010 was 37,100 t, а 76% increase 
- , compared with that in 2009. In October, a breach of a settling 
| f pond allowed water to flood into a nearby village, causing one 
r fatality. The mine was idled for 4 weeks while repairs and new 
P safety measures were implemented. At yearend, Kenmare was 
| ‚ Proceeding with an expansion that would increase production 
" Capacity by about 50% (Kenmare Resources plc, 2011). 
"  Russia.—ARZM Uranium Holding Co. continued to develop 
Я the Lukoyanovskoye heavy-minerals sands deposit near Nizhny 


[^ 
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Novgorod. Ву 2014, the company planned to begin production 
of heavy-mineral concentrates including up to 35,000 t/yr of 
zircon. ARZM planned to supply mineral concentrates to OJSC 
TVEL (ARZM Uranium Holding Co., 2010, p. 40). 

Senegal.—A feasibility study of Mineral Deposits Ltd.’s 
Grande Cote heavy-minerals deposit was completed in 2010 
enabling the company to secure financing to develop the project. 
Construction of the mine and separation plants was expected to 
begin in 2011, and initial production was scheduled for 2013. 
Once the mine and separation plants are fully commissioned, 
the company expected to produce an average of 575,000 t/yr 
of ilmenite, 80,000 t/yr of zircon, 11,000 t/yr of leucoxene, and 
6,000 t/yr of rutile (Mineral Deposits Ltd., 2010, p. 16). 

South Africa. —Exxaro Resources Ltd. increased zircon 
production in South Africa to 161,000 t in 2010 from 152,000 t 
in 2009 through improved recovery of zircon at its Namakwa 
Sands operation. In 2010, Exxaro's Hillendale Mine neared the 
end of its life; however, plans were underway to develop the 
Fairbreeze deposit as a substitute for the waning production 
from the Hillendale Mine (Exxaro Resources Ltd., 2011, p. 53). 

Rio Tinto Plc invested $158 million in a tailings treatment 
facility at its Richards Bay Minerals heavy-minerals operation. 
At yearend, the treatment facility neared completion and was 
scheduled to begin production in the first quarter of 2011. 
Heavy-mineral concentrates, including zircon, were to be 
recovered from about 30 years accumulation of mine tailings 
(Industrial Minerals, 2010). 

Vietnam.—In an effort to assist the domestic mining 
industry, the Government of Vietnam continued to suspend a 
ban on exports of titanium and zirconium mineral concentrates 
designed to encourage the production of value-added products. 
Producers were permitted to export through the end of 2010 
(Mineral Sands Report, 2009). 


Outlook 


The consumption of zirconium mineral concentrates was 
expected to increase with demand from consumers such as 
the ceramics, metals, and chemicals industries. Because the 
use of these materials is pervasive in the general economy 
economic growth may be used to estimate trends in zirconium 
consumption. The International Monetary Fund projected that 
world economic growth would be about 4.3% in 2011 and 4.5% 
in 2012. China was expected to lead global economic growth 
with 9.6% in 2011 and 9.5% growth expected in 2012. China's 
continued growth was expected to significantly increase in 
zircon consumption during the long term. The U.S. economy 
was projected to increase by 2.2% in 2011 and 2.6% in 2012 
(International Monetary Fund, 201 1). During the long term 
the U.S. Congressional Budget Office projected the U.S “еп 
domestic product growth annually to average 3.694 fom 2013t 
ks (U.S. Congressional Budget Office, 2011). : 

n recent years, new mines were bought online i i 
Mozambique, and South Africa; 22 the M 
crisis curtailed production and delayed the development of 
several mining projects. This constricted Supply together with 


rising demand are likely to create | i 
2 у а Scarcity of zircon though 


Construction and operation of new nuclear powerplants 
throughout the world were expected to increase future demand 
for zirconium and hafnium metal. The International Atomic 
Energy Agency projection of world nuclear generating capacity 
was more than 73 gigawatts (GW) in net new capacity by 2020, 
with 546 to 803 GW in place by 2030. Total capacity at yearend 
2010 was 377 GW (World Nuclear Association, 2011). Although 
the amount of zirconium metal varies by reactor, boiling water 
reactors were estimated to contain on average about 44 t of 
zirconium, and pressurized heavy-water reactors required about 
12.5 t. Global zirconium metal consumption was projected to 
reach 6,500 t by 2015 (Desai, 2009). 


References Cited 


Alkane Resources Ltd., 2011, Annual report 2010: Perth, Western Australia, 
Australia, Alkane Resources Ltd., 67 p. (Accessed August 26, 2011, at http:// 
www.alkane.com.au/reports/annual/pdf/2010 Alkane AR.pdf.) 

Allegheny Technologies Inc., 2011, ATI annual report 2010: Pittsburgh, PA, 
Allegheny Technologies Inc., 114 p. (Accessed June 3, 2011, via http:// 
ir.atimetals.com/phoenix.zhtml?c-98187&p-irol-reportsannual.) 

ARZM Uranium Holding Co., 2010, Atomredmetzoloto ARZM annual report 
2009: Moscow, Russia, ARZM Uranium Holding Co., 97 p. (Accessed 
August 30, 2011, at http://www.armz.ru/media/F ile/facts/20 1 0/investors/ 
Annual report 2009-eng-final.pdf.) 

Astron Ltd., 2010a, Annual general meeting: Sydney, New South Wales, 
Australia, Astron Ltd., November 25, 33 p. (Accessed August 31, 2011, at 
http://www.astronlimited.com/pdf/AGM 25 11 FINAL.pdf.) 

Astron Ltd., 2010b, 2010 annual report: Sydney, New South Wales, Australia, 
Astron Ltd., 96 p. (Accessed September 1, 2011, at http://astronlimited.com/ 
pdf/120144 АТК web.pdf.) 

Base Resources Ltd., 2011, Base Resources quarterly report —December 2010: 
West Perth, Western Australia, Australia, Base Resources Ltd., January 27, 
15 p. (Accessed September 21, 2011, at http://www.baseresources.com.au/ 
download/72/.) 

Desai, Pratima, 2009, Zirconium in pole position in nuclear boom: Thomson 
Reuters, April 24, (Accessed September 1, 2011, via http://uk.reuters.com/.) 

Exxaro Resources Ltd., 2011, Integrated annual report for the year ended 31 
December 2010: Pretoria, South Africa, Exxaro Resources Ltd., 311 p. 
(Accessed August 26, 2011, at hitp://financialresults.co.za/2011/ 
еххаго ar2010/downloads/exxaro  ar2010.pdf.) 

Gunson Resources Ltd., 2010, Annual report 2010: West Perth, Western 
Australia, Australia, Gunson Resources Ltd., 60 p. (Accessed 
September 1, 2011, at http://www.gunson.com.au/ 
pdfs/2010-annualreport.pdf.) 

Пика Resources Ltd., 2011, Iluka review 2010: Perth, Western Australia, 
Australia, Iluka Resources Ltd., 48 p. (Accessed June 3, 2011, via http:// 
www.iluka.com/.) 

Industrial Minerals, 2010, Rio Tinto zircon plant expansion in South Africa by 
Q1 2011: Industrial Minerals, November 5. (Accessed November 22, 2010, 
via http://www.indmin.com.) 

Industrial Minerals Corp. Ltd., 2010, Half-year financial report for the half-year 
ended 31 December 2010: Perth, Western Australia, Australia, Industrial 
Minerals Corp. Ltd., 19 p. (Accessed August 19, 2011, at http:// 
www.imcl.com.au/pdfs/halfyearlyreports/IDM Interim Report 31-Dec-10 
Final.pdf.) 

International Monetary Fund, 2011, World economic outlook update—Restoring 
mild slowdown of the global expansion, and increasing risks: Washington, 
DC, International Monetary Fund, June 17, 8 p. (Accessed August 26, 2011, 
at http://www.imf.org/external/pubs/fUweo/201 l/update/02/pdf/0611.pdf.) 

Kenmare Resources plc, 2011, Annual report and accounts 2010: Dublin, 
Ireland, Kenmare Resources plc, 97 p. (Accessed August 26, 2011, at http:// 
kenmare.annualreport10.com/KenmareAnnualReport2010.pdf.) 

Matilda Zircon Ltd., 2010, Annual report 2010: Subiaco East, Western Australia, 
Australia, Matilda Zircon Ltd., 70 p. (Accessed August 26, 2011, at http:// 


85.4 


www.matildazircon.com.au/images/stories/PDF/Announcements/ 
annual report 25 10 10.pdf.) 

Mineral Deposits Ltd., 2010, Business review 2010: Melbourne, Victoria, 
Australia, Mineral Deposits Ltd., 29 p. (Accessed August 26, 2011, 
at http://www.mineraldeposits.com.au/user/files//Annual 20Reports 
MDL 20Business 20Review 202010.pdf.) 

Mineral Sands Report, 2009, Vietnam temporarily lifts export ban: Mineral 
Sands Report, no. 164, June, p. 5. 

Porter, Robert, 2010, Iluka Resources Limited—Global zircon conference, 
Shenzhen Province, China, May 2010: Shenzhen, China, Global Zircon 
Conference, May 26, 2010, Presentation, 38 p. (Accessed June 29, 2010, via 
http://www.iluka.com/.) 

Roskill Information Services Ltd., 2011, Zirconium—Global industry markets 
& outlook (13th ed.): London, United Kingdom, Roskill Information Serves 
Ltd., 351 p. 

Titanium Corp., 2010, Annual report 2010: Edmonton, Alberta, Canada, 
Titanium Corp., 37 p. (Accessed August 31, 2011, at http:// 
www.titaniumcorporation.com/i/pdf/2010-AR.PDF.) 

U.S. Congressional Budget Office, 2011, The budget and economic outlook- 
An update, 92 p. (Accessed August 26, 2011, at http://www.cbo.gov! 
ftpdocs/123xx/doc12316/08-24-BudgetEconUpdate.pdf.) 

World Nuclear Association, 2011, Plans for new reactors worldwide: Worl 
Nuclear Association, August. (Accessed September 1, 2011, at Ішр// 
www.world-nuclear.org/info/infl7.html.) | 

World Nuclear News, 20102, Areva into Chinese fuel supply: London, United 
Kingdom, World Nuclear News, November 5. (Accessed June 3, 2011, a 
http://www.world-nuclear-news.org/ 
newsarticle.aspx?id-28754&terms-zirconium.) 

World Nuclear News, 2010b, Wolsong refurbishment reaches milestone: 
London, United Kingdom, World Nuclear News, December 2. (Accessed 
June 3, 2011, at http://www.world-nuclear-news.org/ 
newsarticle.aspx?id=289 14&terms-zirconium.) 


GENERAL SOURCES OF INFORMATION 


U.S. Geological Survey Publications 


Zirconium. Ch. in Metal Prices in the United States Through 


1998, 1999. 
Zirconium. Ch. in United States Mineral Resources 

Professional Paper 820, 1973. 
Zirconium. International Strategic Minerals 

Report, Circular 930-L, 1992. 


Inventory Summaty 


Zirconium and Hafnium. Ch. in Mineral Commodity 
Summaries, annual. 

Other 

American Metal Market, daily. 

Chemical Week, weekly. Т 

Engineering and Mining Journal, monthly. 

Industrial Minerals, monthly. | 

[nternational Titanium ит 

Metal Bulletin, weekly and monthly. | 

Mineral Sands Report, bimonthly and D d wed 

Mining Magazine and Mining Journal, mo! 

Roskill Information Services Ltd. bes 

U.S. Census Bureau trade statistics, Кун problems 


1. in Minera 


irconi Hafnium. С! 
Zirconium and ейп 675, 1985. 


U.S. Bureau of Mines Bu 


00 
:RALS УВАКВ 
U.S. GEOLOGICAL SURVEY MINE 


и ————— | 


ш. TABLE | 
sma Yik SALIENT U.S. ZIRCONIUM STATISTICS' 
Усад 
SPI. (Metric tons) 
ШЧ 
Li i Zircon: | 
{Ж Production: 
intas Сопсепітаіеѕ W W W W W 
| Milled zircon 50,800 64,600 61,500 38,400 46,900 
Imm; Exports 76,300 66,200 42,100 39,600 47,400 
minh ^ Imports for consumption” 36,200 20,000 34,400 14,400 22,900 
TM Consumption, apparent? W W W W W 
КТ : Stocks, December 31, dealers and consumers“ 17,600 18,000 26,600 NA NA 
ipm. Zirconium oxide: 
еш _ Production 21,700 25,600 18,100 МА МА 
MEt ^ Exports 3,340 2,400 2,970 3,050 5,630 
Elet Imports for consumption® 2,820 3,740 5,060 2,810 2,920 
a B Consumption, apparent? 24,200 26,900 20,400 МА МА 
| Stocks, December 31, dealers and consumers“ 1,560 1,880 1,670 NA NA 
mac Zirconium, unwrought, waste and scrap, other: 
wits ^ Exports 1,880 2,160 2,670 2,300 2,060 
Imports | 78 7тва ______ 1030 | от i16 
"7 ^ Ferrozirconium: 
МЕ Exports „а 498 —— 259 — 316 — 56  — 56 
A. Imports ИШ 196 400 129 (7) 45 
,, Hafnium, unwrought, waste and scrap, other, imports ее В 


NA Not available. W Withheld to avoid disclosing company proprietary data. 
Ш Data are rounded to no more than three significant digits. 
"Includes insignificant amounts of baddeleyite. 
; — "Defined as production plus imports for consumption minus exports plus or minus Government shipments. 
"m “Excludes foundries. 
(> 5 Excludes intermediate oxides associated with metal production. 
"Includes germanium oxides and zirconium dioxides. 
18° "Less than % unit. 


Т) 
(2 
ТАВІЕ 2 
PUBLISHED YEAREND PRICES OF ZIRCONIUM MATERIALS 
(Dollars per metric ton) 
LI c ECC ЕСТІ ИЕ ME ER RR M а EE E 
Material 2009 2010 
Baddeleyite, contract price, cost, insurance, and freight main European port: 
..Refractories/abrasive grade — | | | | — — — | — — — — — 2,500-3,100 2,500-3,100 
Ceramic grade (98% zirconium oxide and hafnium oxide) 3,000-3,300 3,000-3 300 
| Zircon: СС 
if .. Domestic, standard-grade, bulk 800-860 830—890 
Australian, standard-grade, free on board, bulk 880—900 850—890 
Zirconia, fused, monoclinic, refractory/abrasive 4,100—4,900 4.400—5.200 
d: ышы : 1 1 (c LM OO! 
$ 
| 


Source: Industrial Minerals. 
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Class and country 


Ore and concentrates: 
Belgium 
Canada 
China 
Е Salvador 
Germany 
Italy 
Japan 
Korea, Republic of 
Mexico 
Netherlands 
Spain 
~ United Kingdom 
Other 
Total 
Ferrozirconium: 
Canada 
Mexico 
Other 
Total 


Unwrought zirconium, including powder: 


China 
France 
__ Џегтапу 
Mexico 
. Russia 
United Kingdom 
Other 
Total 


Zirconium waste and scrap: 


Canada 
France 
Japan 
Netherlands 
Sweden 
Other 

Total 


Other zirconium: 
Canada 

. China 
France 
Japan 
Korea, Republic of 
Spain 
Sweden 


"Revised. -- Zero. 


0 
Other 122 11,100 F 143,000 
“зы, 2,080 190,000 I 


TABLE 3 
U.S. EXPORTS OF ZIRCONIUM, BY CLASS AND COUNTRY! 


2009 2010 
Quantity Value — Quantity Vale 
HTS? (metric tons) (thousands) (metric tons) (thousands) 
2615.10.0000 
6,580 $6,850 657 $1,000 
1,770 2,090 2,340 3,350 
2,630 1,430 359 2 
E М 3,210 p 
870 1,240 1,970 450 
156 232 18,200 15,800 
11,600 6,520 1,470 3,080 
2,320 2,060 2,080 1870 
4,010 4,140 3,560 3,970 
9 53 5,280 4,610 
4,430 3,900 2,000 1,660 
1,540 2,470 1,660 3,350 
3,650 ' 5,360 ' 4,580 6,160 
39,600 36,300 47,400 51,100 


7202.99.1000 


54 122 109 76 
490 983 395 ni 
21 Be ии 
О 4 140 569 1200 
8109.20.0000 
5 158 61 2,570 
37 1,730 75 328 
T 356 52 D 
6) 12 35 um 
73 4,000 65 35 
24 730 109 2650 
15' 673 ' 41 ШЕ 
в ам 
_________[65 ___ 7,660 ________-_----- 
09.30.00 

8109.30.0000 7 e" 5 i 
12 208 19 
= a im 107 
6 266 A 
NENNT EE ои 

58 2,110 82 
8109.90.0000 2 33,600 
442 37,200 m 33,800 
680 62,700 320 
149 11,600 M 5490 
205 17,500 62 9% 
287 26,100 | "m 
$3 14,300 143 15,000 


109 9,280 16300 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
?Harmonized Tariff Schedule of the United States. 


Less than % unit. 


Source: U.S. Census Bureau. 
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Class and country 
Zirconium ore and concentrates: 
Australia 
South Africa 
Other 
Total 
Ferrozirconium: 
China 
Other 
Total 
Unwrought zirconium, including powder: 
France 
Germany 
Japan 
Kazakhstan 
Other 
Total 
Zirconium waste and scrap: 
France 
United Kingdom 
Other 
Total 
Other zirconium: 
Canada 
France 
South Africa 
Other 
Total 
Unwrought hafnium, including powder: 
. France 
Russia 
Other 


TABLE 4 
U.S. IMPORTS FOR CONSUMPTION ОЕ ZIRCONIUM AND HAFNIUM, BY CLASS AND COUNTRY’ 


HTS? 
2615.10.0000 


7202.99.1000 


8109.20.0000 


8109.30.0000 


8109.90.0000 


8112.92.2000 


2009 2010 
Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) 
8,090 $6,910 16,100 $16,000 
5,080 7,390 5,550 7,730 
1,250 2,810 1,220 3,790 
14,400 17,100 22,900 27,500 
-- -- 43 232 
(3) 7 2 14 
(3) 7 45 246 
3 166 1 75 
9 1,540 13 2,050 
7 16 -- = 
a - 15 168 
3! 174 " 2 36 
22 1,890 31 2,330 
83 807 83 710 
313 842 578 1,270 
33' 247 ' 35 405 
429 1,900 695 2,390 
34 3,810 8 974 
347 48,600 397 64,600 
86 112 P M" 
59! 4,000" 29 2,700 
26 7 5600-7487 $8300 
4 1,910 7 3,120 
(з) 31 нЕ = 
0)” 145" (3) 272 


| ЕСО ее 
Total 5 2,080 8 3,390 
ы 


‘Revised. -- Zero. 


! Ке 
Data аге rounded to no more than three significant digits; тау not add to totals shown. 


Harmonized Tariff Schedule of the United States. 


?Less than & unit. 


Source: U.S. Census Bureau. 
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TABLE 5 
ZIRCONIUM MINERAL CONCENTRATES: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 

Country? 2006 2007 2008 2009 2010 

Australia’ 492,000 601,000 550,000 476,000 518,000 
Brazil^? 25,120 26,739 17,682 18,134 18150" 
China 135,000 140,000 140,000 130,000 140,000 
India 28,000 29,000 30,000 37,000 ' 38,000 
Indonesia 65,000 111,000 65,000 63,000 50,000 
Malaysia 1,690 ^ 7,393 * 948^5 — 1,145 ^ 1,300 
Mozambique ~ 26,347 32,985 19,101 37,100 
Russia® 7,500 7,136 * 7,000 * 5,000 * 6,000 
South Africa 435,000 ^^ 405,000 "4 405,000 ^^ 390,000 ' 400,000 
Ukraine 27,000 ' 37,000 ' 36,000 ' 31,000 ' 30,000 
United States W W W W W 
Vietnam 26,100 22,000 · 22,000 7,000 10% 
Total 1,240,000" . 1,410,000 " 1,310,000 1,180,000 1,250,000 


PPreliminary. 'Revised. W Withheld to avoid disclosing company proprietary data; not included in “Total.” -- Zero. 
!World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


“Includes data available through May 16, 2011. 
3gmall amounts of zirconium concentrates were produced in various countries; however, information is not sufficient to estimate output. 


‘Reported figure. 
“Includes production of baddeleyite-caldasite. 
6Production of baddeleyite concentrate averaging 98% ZrO). 
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